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BACKGROUNRoW/073dF | NVENTION 1. Field of the Invention The (ﬁ?@éﬁo bgp4eNt i on
rel ates to processes for the production of aliphatic fl uorf)ii:ar on/sl.b%z.

Description of Related Art Aliphatic fluorocarbons are a group of chemcals
that range fr I i qhky ﬂmc 0. reactiyv S rated

fl uorocar bon%ﬁ@ﬂﬁ&m | ésﬁi@bQRaéAﬁﬁbﬁgm t he
term"aliphatic fluorocarbon” is defined as an aliphatic conpound which
has carbon to fluorine bonds, and which may. also contain hydrogen and

chlorine. Aliphatic fluoggexd YO aﬂggmqwunds havi ng only
singl e bonds to those having n&aﬁng?e Eon s. The single bond conpounds are

frequently inert and nonfl ammable. These are useful as inert solvents,

| ubricants, and_ bl owing,agents as, exanples. Fluorocarbons having double .
bonds, f! uor ool dfi n&mﬂqig?&g&qun@geﬂ ve species useful in the production of
a variety of chemcals and specialty polyners. .Fl uorocarbons having triple
bonds are also very reactive. Methods of nmanufacturing these groups of
chemicals efficiently are always of. interest to the chem cal industry. 1

WO 01/ 07384 PCTThSpekeh? ftfvréntion MMREI6 (7bceksds bl iEpibiiidtion BEaliphaaeorbeirsdtis! On

relates to a new nmanufacturing process for preparing a desired aliphatic
fl uorocarbon product conprising the follow ng steps: a) subjecting an
al i phatic fluorocarbon starting conpound to a treatnment which will break

at | east one chem cal_ bond. of the aliphatic fluorocarbon
: S Descr?ption of Re‘fated A?t :

Aliphatic fluorocarbons are a group of chemicals that range from inert, highly
stable substances to reactive unsaturated fluorocarbons. As used throughout this disclosure
and in the claims, the term “aliphatic fluorocarbon” is defined as an aliphatic compound
which has carbon to fluorine bonds, and which may.alsb contain hydrogen and chlorine.
Aliphatic fluorocarbons méy range from compéunds haviﬁg only single bonds to those havirig
multiple bonds. The single bond compounds are frequently inert and nonflammable. These
are useful as inert solvents, lubricants, and blowing agents as examples. Fluorocarbons
having double bonds, fluoroolefins, are very reactive species useful in the production of a
variety of chemicals and specialty polymers. Fluorocarbons having triple bonds are also very

_-re_act_i_ve. Methods of man_ufaqtu;ing these groups of chgmicals_ efﬁ_cigntly are always of

intérest to the chemical industry.



starting conmpound to forma reactive aliphatic fluorocarbon internedi ate
conpound; WO OV¥384 i ng the reactive aliphatic fluorocarbon i RCEURIAAA6R
conmpound with another reactive conpound to yield the desired aliphatic
fl uorocarbon product and an undesired aliphatic fluorocarbon product; c)
separating said desired aliphatic fluorocarbon product from any undesired
al i phatic fluorocarbon product; and d) recycling any undesired aliphatic
. fluorocarbon products to st SUMMARY OF PHEINGENIFON/S00/ 19863 The term
"aliphatic fluorocarbon" has previously been defined. The term"reactive
al i phatic fluorocarbon internediate conpound” is intended to nean. any
aliphatic fluorocarbon, which is capable of reacting with aliphatic
fl uorocarbons ang, ot her reactjve _aliphatic flyorocarbons. This term
i ncl udes speci es ‘SPReSERt lrl&%ntwawsl,atqscsﬁéwreaa agfuang pyoress ferPisRaEdg &1 o
OF THE | NVENTI ON The new manufacturing process starts by creating reactive
i nt er medi desized aliphatia flupracarbon poéduchecomprsing the follgwingstepsons. This is
acconpl i shed by breaking chem cal bonds by the well known techni ques of
pyrolysis, radiation with particles, mcrowaves, plasnmas, ultra violet
light, infrared light or simlar neans to create radicals, ions or
carbenes. These reacti i d] . W I Lye

A th el &1 ARt Aolichiboh SACk b rtpdlinaih o bk

i nternedi ates or nol ecul’'es nakKi results

in new products directly .or. in subsequent steps. . The ney.ation, of
fl uorocarbon reactive% ?%WH%&“&F@EI%E? WFE %mﬁéh}l"g?‘? 3 a&’l"r}}"r?m‘iam

el enental fluorine is not nade. This may be because of the |arge energy
required to break thetatngeompiundrtp dernbaneactivelaliphatic fmbrocarhemgpteraediate
resulting fromthe formati on of the

compound;

b) reacting the reactive aliphatic fluorocarbon intermediate compound with
another reactive compound to yield the desired aliphatic fluorocarbon

: product and an undesired aliphatic fluorocarbon product;

c) separating said desired aliphatic fluorocarbon product from any undesired

aliphatic fluorocarbon product; and

-d) recycling any undesired aliphatic fluorocarbon products to step a).



fluorine-fluorine bond. This peculiarity, part of the basis of this

i nvent i W@,018738%| uor ocar bon reactive internediat e’ gener afCEPPLW3gui shes
it from hydrocarbon reactive internmediate generation in which sone
hydrogen and carbon are nmade. These two species do not react further and
result in a loss of yield of desired products. 3 WO 01/07384 PCT/ US00/ 19863
There are frequently a large variety of products made fromvery reactive

i nt er medi at es.ThERegn i‘ﬂiﬂﬁﬁ@hﬁ&ro@ﬂbéh’dﬁds?ieﬁwﬁ beditdedined. The sarpcessf ul
synt heses of individual ti conpounds. Anong the:products nade, sone are

desir : r ] ] . I » At} r i Ayt

separ atiea S AL iR At bl iR colfichnay RiERhAGTHEH diyiiphiti
distillation or other physical nethods.. . The. yndesired produycts t hen be
r ecyc| 8poregatbaR Whis issapile °§§3?9P&‘6Pﬁ?§?‘?ﬁ?\° “°F%°£E‘E‘1“\§é‘“ﬁ? RISt Fragfiv es,
w t hout | osses of yield because of fluorine formation. Successful recycle
al so ogliphati¢ fisermmarbensf This éerpr incloides species sudhasaadioals.dprs oricagbenghi ch
requires sone portion of the undesired product to revert to its starting
material s under the conditions of production. These reactive internedi ates
from undesired products, then, with added starting material will forma
m xture of products, including nore of the desired products. Thus, the
“undesired products can be recycled endlessly and the yields of the desired
products will be enhanc B Syl i 2N initial yields can
be converted to corﬁg&&ﬂ%ﬁ#ﬁ@ﬂbﬁﬁﬁﬂﬁﬁﬂvﬁ@d&% where a
product is unusual and highly desirable, even very lowinitial yields may
result in comercial processes. An exanple of microreversibility is shown
in the Table. R 125 (see Table of Abbreviations) is nade fromthe
starting. nateTheadewRnididactatiflg frotesdatarts byateating meactiné intermediates from a

portion of the starting ﬂuorocérbons. This is accomplished by b_reaking chemical bonds by
the well known techniques of pyrolysis, radiation with particles, microwaves, plasmas, ultra
violet light, infrared light or similar means to create radicals, ions or carbenes.  These reactive
intermediates then react with other reactive intermediates or with ordinary molecules making

new bonds, which results in new products directly or in subsequent steps.

The generation of fluorocarbon reactive intermediates by these routes is special in
that elemental fluorine is not made. This may be because of the large energy required to
break the carbon-fluorine bond and the small energy gain resulting from the formation of the
fluorine-fluorine bond. This peculiarity, part of the basis of this invention, of fluorocarbon
reactive intermediate gel?erat_ion distinguishes it from hydrocarbon reactive intermediate
generation in which some hydrogen and carbon are made. Thése two species do not react

further and result in a loss of yield of desired products.



yield, fromR 125. Therefore, if R 125 is an undesired prod i be
recycl ed WP IY384t arti'ng material as part of the yield enhgﬁi@ﬁﬂéﬂg%g:{'ocess
for the desired product. In addition to mcroreversibility, there are al so
i ndirect reactions which aid the recycle of undesired products. R 125 was
shown to nake R Therg are frequentlya large vaxistrofipseducts madgfom veRyraagtye TFE i s
made from R 134a. Thus, R 125, the undesired byproduct of TFE, 4 WO

01/ 07384 ifehmtifiares.1 TRis3s usittiyleensidered ut e tiridrante o sitccessfisltsyntheseswf imdividubly
reverting to the starting material, R 133a, and via another internediate,

R 134a Wiohlhoahd® ARIOUE thedroducis Afakit OntPdre lkdtabieind dthers hft dnddSiraMar PRIS

starting materials contal ning hydrogen, sone hydrogen fluoride nay be

generated. This does not repr.ese a.loss_of. thase f.luorine at cause

of "the. vepyto s 0 sceaipR 4" s iesifed BOUREE G Insi P PP Y

and reformthe desired carbon to fluorine_bond formng both starti n%1

mat er i al digtHlptionea gthes physigal meghads) Jhe uadesired produstsananihen bepgeycled to the

formati on of R 134, presumably from TFE and hydrogen fl uoride. Any

hydr ogen prbeess talggairoforinesmilangattive iafepmediates pwithdut 1édsewsf yieldibecaise dfir i ng

the process may be recovered separately and used to form carbon-fluorine

bonds eit ; I I I igfg materials
MRIrirs §BRkAloR! §ugﬁsgﬁrﬁ|1 %%?Xlﬁya%ro dcBurs! BRAfKe ggeﬂgﬁﬁ&ﬁk of

cont ai ni ng hydrogen an ogen y be generated. This

does not represent..an endpoint for those atons because in. . the invention
Che. addi UPETOST TG JERCR FeHren Some PoRen 1 18 UHE S LRTrire 1 AR FBr mat i on
of desired products containing chlorine. Some_of the ol efinic, products

t el oner i Z4arGpg putsrials ynder theronditions of pipduelien. tThese reaghive infemedigiesdtamm s nay
still contain useful carbon-fluorine bonds. The volatile teloners and

pol yner s wmslesibel prodyots; theah, tvithtddded startinpanateriili vaill fond anenpot ef ptodpstsas ot her
vol atil e byproducts. The less. volatile telonmers and polyners would require

nechani Cahclidinggiére 39 the desired products. Thus, the undesired products can be recycled

endlessly and the yields of the desired products will be enhanced. By this invention even low
initial yields can be converted to commercially viable processes. In some cases, where a
: product is unusnal and highly desirable, even very low initial yields may result in commercial

processes.

An example of microreversibility is shown in the Table. R 125 (see Table of
Abbreviations) is made from the starting material R 133a and R 133a is made, in small
yield, from R 125. Therefore, if R 125 is an undesired product, it can be recycled to the

starting material as part of the yield enhancement process for the desired product.

In addition to microreversibility, there are also indirect reactions which aid the
recycle of undesired products. R 125 was shown to make R 134a. In a separate experiment it

was shown that TFE is made from R 134a. Thus, R 125, the undesired byproduct of TFE,



and special handling but in theory all products containing carbon-fluorine
bonds rwp ore73ssecycl ed to extinction to i nprove the yiel @T/USAY1WBEDI ce of
whi ch are the desired products and undesired products is conpletely
dependent on commercial needs at the tine. Anyone skilled in the art will
appr ecdaatbe cofivérted 5 TRE A 14281133 oRealys| PfEveRiplo thestatingmateridl R 188@i ce of
the "desired" and "undesired" products anong the fluorocarbons can be nade
and t . Ny ' il e QERE tediay forJFR! yi el ds of
t he ngﬁdy&get e?r%ﬁtr?gg ggﬁgghﬁggg&&célfgdrrﬁss&rﬁet ho%g? recycling to
extinction has still another advantage. It provides a nethod for nore
conpl ete use of starting materials and reduces the production of waste
products. Waste products normally have to be treated in special, ways to
keep t hem f r ofn flugrosarbay startinganeterials sentaininghydypgen, ﬁ‘?f@ﬁi‘)"g‘ﬁg‘% u and
expense for such treatnents would be elimnated or nuch reduced. The

pr esendnay by gérterated.i Thie duessndt hepreient @ Wess wf tifose Auorim dtonts becausp pEthaveny

fl uorocarbons, and sone surprising products resulting fromthese nethods.

The pr B%Pﬂ{gﬁg}{ ﬂg%(ﬁipéd lgi:‘lal1 I Serl YR A6QS a8 € 51 SIRAH AN rdfbah tHeaRiired Carbon to

fl uorocar nter nedi s are quite different fromreactive hydrocarbon

i nt er nedi at es how, t hese..di fferences, ca YR - . as to | ead
to i ngﬁ%%ﬁ’?aggﬁgméPoﬁégwg%nﬁ’%@i}c@.m?- csefTﬁr{giy lgygetfget?érjg &nbodi ment ,
the invention relates to the production of ali phaﬁ#iﬁrp f 1 yor ocar pons
conpr i examples byt the Sermation of Rriddapresgnatdy Siom, EFE apd kxdrogen figen d?‘%n

I nternmedi ates, form ng new products, separating the desired products and
r ecycl hyiogeénefluaridd @st reacting todeform carbosxtt flnotinobonds dunipg dhveeprobess maybg of
desired products. In a second preferred enbodi nent, the reactive

i nt er NRALArES sepafutdl§ BRI @de@9o Bm carbon-fluorine bonds either separately or by recycle.

¥

In fluorocarbon stért_ing materials containing hydrogen and chlorine, hydrogen
chloride may be generated. This does not represent an endpoint for those atoms because in
the im)ention the addition of hydrogen chloride to the reactants results in the formation of

desired products containing chlorine.

Some of the oleﬁnic products telomerize or polymerize under reaction conditions
and these products may still éontain useful carbon-fluorine bonds. The volatile telomers and
polymers can be subjected to the same separation and recycle sfeps as other volatile
byproducts. The less volatile telomers and polymers would require mechanical harvesting
and special handling but in th'eéry all produbts containing carboﬁ-ﬂuorine bonds may be

recycled to extinction to improve the yields.

The choice of which are the desired products and undgsired products is completely

dependent on commercial needs at the time. Anyone skilled in the art will appreciate that a

5



pyrol yses_of aliphatic fluorocarbons. 6 WO 01/07384 PCT/1J In a
third preWé"r"rlg’a:"@nbodi rent, the invention relates to a pro?‘g‘g@ag‘@?‘%&'

preparing TFE in greater than 50%vyield conprising pyrolyzing R 133a at a
tenperature bel ow about 725C. In a fourth preferred errbo&i? nt, the

i nvent i ofeversahindbe choige pf tecdesired;’ apd cpndesined” RIpMCtLAPPRS gfﬁiﬁ?‘i?r%s 782 R
133a in the presence of R22. In a fifth preferred enbodi nent, the

i nvent i obe nekdataad thecpracess of Gdntentioprveitlstillipyoceef B givegopd yieddsfithe powlyy R
124. In a sixth preferred enbodi nent, the invention relates to a process

for prepakiehine®dE&iredqFBdictd.Ng pyrolyzing R 133a. In a seventh preferred
enbodi nent, the invention relates to a process for preparing DCDFE

conprising pyrolyzing R 133a in the presence of R 22 and hydrogen chl ori de.
In an eighth preferred enbodi nent, the invention relates to a process for

preparing OFB conprising pyrolyzing R 125 In .a nipnth preferred .

enbodi nent, the Thﬁé'ﬂﬁﬂ"&ﬂ%of@ﬂéﬁl’@g tp xtingtion has stil BWO‘Q?reﬁS‘gf”?tﬁ%& tproyides a
conprising pyrolyzing R 125. In a tenth preferred enbodi nent, the invention
rel at es metlodifor aass cémplepr wsearfistagting mattrialsandpedusesthe pyodiicyion of waste24. 7
WO 01/07384 PCT/ US00/ 19863 In an eleventh preferred enbodi nent, the

'12\5/,8 Nti ORrddRicRl 8FadtO pRJRER BRRallPhaveltb BE Hehited i Sféci? WRYs & KéepANém iftom Ng R
entering the environment. In this invention the need and expense for such treatments would

be eliminated or much reduced.

The present invention involves the discovery of new methods for preparing
fluorocarbons, and some surprising products resulting from these methods. The present
invention also involves the discovery that reactive fluorocarbon intermediates are quite

: different from reactive hydrocarbon intermediates and how these differences can be

- manipulated so as to lead to increased yields of desired products.

In a first preferred embodiment, the invention relates to the production of aliphatic
fluorocarbons comprising a process for generating reactive aliphatic fluorocarbon
intermediates, forming new products, separating the desired products and recycling the

undesired products to extinction to improve the yield of desired products.

In a second preferred embodiment, the reactive intermediates are generated by

pyrolyses of aliphatic fluorocarbons.



In a twelfth preferred enbodi nent, the invention relates to a process for
prepar i W@ 01R73835 conprising pyrolyzing R 133a. O 'al |’ t hePGRA$0A8863vai | abl e
to formthe reactive internedi ates such as carbenes, radicals and ions,
pyrol ysis was chosen for the instant exanples. However, any of the ]
descri bed net Hodshicdpreferted emipuiiments the, inventionrelatesdo a pronsssioe preparingdy wel |
known to persons skilled in the art. Pyrolyses of chem cal conpounds are
usual | YFRé preatee thad 5004 yield/compiisingdpyroR2ingiR 1183w atad tethipghatire bplomedboues Wit h
a variety of residence tines, with or without diluents. The pyrolyses my
be per#gppged under either batch or continuous conditions. Using continuous
conditions, reaction tubes may be constructed of a variety of materials
including quartz, alumna, Inconel or Mnel. The tubes used in the instant
exanpl es had 1" outside dianmeters with the exception of the alum na tubes
which were 3/8". The various tubes were placed in a 12" electrically

heat ed f ur nacdn a/fpwghpreférredeembadiment, trefinvantipn relates t9 a processdior preparing
tenmperatures were determ ned by a thernocouple inh a thernowell centered in
t he t UPEP compiisiag pgrodyzingd RI1i38a ir the@résescd efi22at ure was neasured external
to the tube at the center point. Each reagent was fed into the tube through
its own calibrated 1/16" or 1/8" glass rotoneter. The other end of the
reactor was sonetinmes restricted to achieve the desired reactor pressure.

I ncreasing the pressure resul.ts.in. increased canversi ons t __decreases
the yiel o & VBAGETORS TR oS ihtoBE SVeREeR COREE S 1 PBtess JF EPLiEy 1o
determ ne conversions, which then affect yields. Usually very | ow residence
ti mes GWFBrcomprisingmyrelyrneRsidhs gi ve the best yields, but that may be
commercially inpractical. The residence tinmes used varied fromfractions of
a second to

In a sixth preferred embodiment, the invention relates to a process for preparing

CDFE comprising pyrolyzing R 133a.

In a seventh preferred embodiment, the invention relates to a process for preparing

DCDFE comprising pyrolyzing R 133a in the presence of R 22 and hydrogen chloride.

In an eighth preferred embodiment, the invention relates to a process for preparing

OFB comprising pyrolyzing R 125.

In a ninth preferred embodiment, the invention relates to a process for preparing R

134a comprising pyrolyzing R 125.

In a tenth preferred embodiment, the invention relates to a process for preparing R

114a comprising pyrolyzing R 124.



about 30 seconds. The preferred residence tinme range is dictated b

experi encWOM/0334h ni xture of reactants. Higher pressures Wﬁ@”’é’ﬂ@ at ed
by operating factors. The problens associated with pressure may be
mtigated by reducing the residence tinmes. Feed rates of the reactants are,
of course, a funBiansievepthnrefesied smbodiment, thgdnveangon Felaies tappracess fofui prent
descri bed here the feed rates used for each reactant varied from about

- 0. 018 noprepaneg PFB wompasiagpyrolyzingRek25per hour. Rates of about 10 nol es per
hour could al so be used in the described reactors, but conversi ons woul d
be quite low. Inert diluents were also used to change the residence tine of
the reactants in the reaction zone. Inert diluents can be materials such

as nitrogen, th r £ uor.oal kanes. an er _vapor. The use of
an easily condeﬁ[gaqp)gﬁ?h@fe%cﬁdleﬁgorﬁdl ‘ﬁfr ﬁ’elﬁ’i\é@?ﬁ(’f‘ r&ﬁyggg%%gfocgﬁspgf RI9PaH"S 1

t he prodgct% froma Iargle volume of diluent. Aliterature reference

pert i nen® 123 commnsmepyelyeingiRs133a- Robert P. Salnon and Edward R Ritter in
"Experinmental Flow Tube Study on Pyrolysis of 2-Chloro-1,1, 1-

Trifluoroet hane,” Chem Phys. Processes Conbust., 1996, pages 507-510.
Salnon et al. report on the pyrolysis of a m xture of 2%

2-chloro-1, 1, 1- tOf MPHIAGROE avaftathsd tfornPE r&R¥ve MtbrRdifited dhch afUarbbdes! | OW

tube reactor at atnospheric pressure over a tenperature range from 700C to
875C. At {: |l ow 774C _trif]uoroethyl ene TF was e nost
abundant r&;ﬁ%md{c ,lgéﬁgy%?)ﬁsesrwﬁsr et gorf ?Wg%‘"f M‘éﬂd ?WEJ,'ér’ A or the
1,4,4,4- Hexa{)laéjor -2-butene, 9 WO 01/07384 PCT/USOO 19863 [HFB], and

2- chl or 09%5c0eR Mmethods epld hayrebeenesedand ipvplvetechgpesalesadyivell kmownteE was
not fornmed to any extent. At higher tenperatures, the yield of TFE drops
shar pl y, peusonsskiltad inghesdrti of 1, 1, 1, 3, 3- pent af | uor opr opene, - [ PFP], i ncreases
steadily. Other products forned at high tenperature include 1, 1, 1
-trifluoro-2-propyne.

Pyrolyses of chemical compounds are usually performed under a variety of
conditions at high temperatures with a variety of residence times, with or without diluents.
The pyrolyses may be performed under either batch or continuous conditions. Using
continuous conditions, reaction tubes may be constructed of a variety of materials including
quartz, alumina, Inconel or Monel. The tubes used in the instant examples had 1” outside
diameters with the exception of the alumina tubes which were 3/8”. The various tubes were
placed in a 12” electrically heated furnace, which delineated the effective reaction zone. The
temperatures were determined by a thermocouple in a thermowell centered in the tube. In the

3/8” alumina tube the temperature was measured external to the tube at the center point.

Each reagent was fed into the tube through its own calibrated 1/16” or 1/8” glass
rotometer. The other end of the reactor was sometimes restricted to achieve the

desired reactor pressure. Increasing the pressure results in increased conversions, but

decreases the yield.



“this sort.

Experinmenting with tenperature ranges, residence tines, dilution and
react an®VOBW#B8hat i ons has now | ed to the di scovery of nmeifyT/P¥O(IPR63 not
described in the literature. One surprising result observed was that by
i ntroduci ng additional chemcals still other products can be made in good
yields. The results are disclosed in the Table and described below. The
yi el ds given are steady state values and do not reflect the ultimte val ues
to be derivedRésidence Gmes can beuseditb determine cBheersionsy whichthien bff8ct ywelisr
sel ected pyrolytic conditions, (Runs 1-3), TFE can be nmade in yields

exceed maaﬁao\/eryw&ésﬁeﬁcé SmR Wit RAFToM édielsiondgiveah¥BEdf yldsSBLi At ma
When the sane reactant, R 133a, is pyrolyzed at about 70 C and | ess t

10% co 4 [ eI ds.
10% OB s i O ABRTE n%ﬁlse%&ééffﬂm% ?‘ﬁﬁ%%@;se%ﬁf?&’h& Stat s
t hat CDFE should be forrred only at higher te a ures. It has gl so been
di scoveéb@¥ 0sseondsr The preferzed rsedménwl?]ragsw tét.e YiexBerigRee imeach (Run 15)
Sal non and Ritter report that PFP does not appear as a product of the

pyr ol ymistuoé of ieactads. Highel prebnunes maphe dictaedjincoperatingdactors: dhegpreblemed and
even then only poor yields 10 WO 01/07384 PET/ US00/ 19863 were made unti |

t enper aisacRfedOVEn x%@&h?eniayb%ﬁugﬁeabseeaudingwegﬂenéme@y the addition of
R 22 to the R 133a (Runs” 6- PFP ctan is nade in good yields at
tenperatures of 725 -750C. In a very unusual case, DCDFE can be prepared
by performng the sane pyrolysis in the presence of hydrogen chloride (Run

10). drogen chloride_ would not be expecte n reacti ons of
). Hydrog ﬁeed rates of the reactants are, of course, a HCtIOD ofa t‘lge size o%the reacting

¥

zone. For the equipment described here the feed rates used for each reactant varied from
about 0.018 moles per hour to about 4 moles per hour. Rates of about 10 moles per hour

could also be used in the described reactors, but conversions would be quite low.

Inert diluents were also used to change the residence time of the reactants in the
reaction zone. Inert diluents can be materials such as nitrogen, the noble gases,
perfluoroalkanes and water vapor. The use of an easily condensable inert diluent would

result in easier separation of the products from a large volume of diluent.

A literature reference pertinent to this invention is by Robert P. Salmon and
Edward R. Ritter in “Experimental Flow Tube Study on Pyrolysis of 2-Chloro-1,1,1-
Trifluoroethane,” Chem. Phys. Processes Combust., 1996, pages 507-510. Salmon et al.
report on the pyrolysis of a mixture of 2% 2-chloro-1,1,1-trifluoroethane, [R 133a], and 98%
nitrogen in a quartz flow tube reactor at atmospheric pressure over a temperature range from
700°C to 875°C. At temperatures below 777°C, trifluoroethylene, [TFE], was the most

abundant product, and other products formed included 1,1,1,4,4,4-hexafluoro-2-butene,

9



From e'thﬁroﬁgjlﬁ (Runs 11 and 12) or R 125 (Runs 13 and 14%{(:?@%%10,%%%35 of

OFB can be na R 125 'al so makes PFB and R 124 al so nakes
pyrolysis of R 133a al nost always generates R 125 (Runs 2 and 5). The

rol ysi 4 r oduc n tur TFE
P 1) TﬂﬁBlwﬁf}@%ﬁiéﬁﬂﬁ?@a@ﬁ& e, Ve Seiov o 23 e Pl
are set forth b of illustration and not limtation, and that varlous
nodi f i catr%f%maéao amperfend. fi\higher teraperatiresy thervield o4 TFE Ayops sharplycwhile thet
and scope of the present invention. 11 WO 01/07384 PCT/ USOQ 19863 TABLE OF

ABBREVI A¥ichilief TDHE3,3pentaflnompPopbnd,; nPIH]P(},rinextebgdsetaadiljDCOﬂEr products formed at
1,1-dichloro-2,2-difluoroethylene HFB = 1,1,1, 4,4, 4- hexafl uoro-2-but ene

OFB = 1, h@%@%%&ﬁd@ihqm@r&gtﬁgﬁyﬂePFB = perfl uorobut ane PFP
=1,1,1, 3, 3-pentafl uoropropyl ene R 114a =
1, 1- dICh| oro-1,2,2,2-tetrafl uoroethane R 12 = dichl orodifl uoronethane R
123 =1,1- dichl oro-2,2,2-trifluoroethane R 124 =
1l-chloro-1, 2, 2, 2- tetrafl uoroethane R 125 = 1,1,2,2,2-pentafl uoroet hane R
13 = chiorotrif | BSPUHEEHEEVIR lemmeratuesfapgss, Fesiepce times, diinben Aad epactant 34
=1,1, 2, 2-tetrafl uoroet hane

combinations has now led to the discovery of many results not described in the literature.

One surprising result observed was that by introducing additional chemicals still other
products can be made in good yields. The results are disclosed in the Table and described
below. The yields given are steady state values and do not reflect the ultimate values to be

derived from recycle to extinction.

Starting with R 133a under selected pyrolytic conditions, (Runs 1-3), TFE can be

made in yie}ds exceeding 50%, contrary to any expectation from the work of Salmon et al.

When the same reactant, R 133a, is pyrolyzed at about 700°C and less than 10%
conversioﬁ, (Run 4), CDFE becomes the important product in good yields. This is
unexpected in face of the Salmon and Ritter reference which states that CDFE should be

formed oniy at higher temperatures.

It has also been discovered that TFE can also be made in good yields from R

134a, (Run 15).

Salmon and Ritter report that PFP does not appear as a product of the pyrolysis of
R 133a until about 750°C or higher temperatures are used and even then only poor yields

10



R 134a = 1,2,2,2-tetrafluoroethane R 22 = chlorodifl uoromethane TEFE =
t et r af | WOY038738¢| ene TFE = trifl uoroet hyl ene 12 WO 01/ 0738ETAISOHIR§5Y/ 19863
LONM OLzr tL17 V) NO co Mr ~~-- ONtDMO MCNN- N dO0. UcdC

to G6co mMmMCDg- OO0 OCOCOIC) COMMNMMMI toaa, Ct0 min COOS
000CNgVere maadg umtil temperatures over 800°C. It has now been discovered that by the addition of -

R 22 to the R 133a, (Runs 6-9), PFP can is made in good yields at temperatures of 725

=750°C.

In a very unusual case, DCDFE can be prepared by performing the same pyrolysis
in the presence of hydrogen chloride (Run 10). Hydrogen chloride would not be expected to

take part in reactions of this sort.

From either R 124 (Runs 11 and 12) or R 125 (Runs 13 and 14) good yields of

OFB can be made. R 125 also makes PFB and R 124 also makes R 114a.

The pyrolysis of R 133a almost always generates R 125 (Runs 2 and 5). The

pyrolysis of R 125 (Run 14) produces R 134a, which in turn, produces TFE (Run 15).
It will be appreciated that the instant specification and claims are set forth by way

of illustration and not limitation, and that various modifications and changes may be made

without departing from the spirit and scope of the present invention.
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MN 1~-1~ 8NNNOe-~~NNNNNNNcr lYQQO' ~ ~. '5to0t0OWmto
t~t~ t~t Q@’Q’és"tomMMMMMMMMMQH I() v. a M NPGI/NSOWI9BE M
MM _....C) ~ -=- ¢ Ir-NM 13 SUBSTI TUTE SHEET
(RULE 26) WD 01/ 07384 PCT/ US00/ 19863 FEEErer vinn!
VITT VI WHATIS CLAIMED 1S: A procesm " I e5| red aliphatic
fl uorocar bon product conprising the ) subjecting an
aljphatlc fluorocarbon starting compound to a treat mant which will break

| east one chem cal bond of said ali phat ic fluorocarbon Zt arting
co ound to forma rgactive hatic tbon internmediate co
b) rrIr)eact ing t helr'nr eac‘fgipvr%ceg? ?ﬁ?{gﬁr@gﬁ ﬁ?ﬁ%ﬂé‘ﬁBﬁ%‘q tﬂ“%???éﬁ?’hl’r@dﬁ BIH?&
anot her coppound or another reactive internediate to yield the de5| red
al i phat i c PHYWMESEPSon product or an i nternedi ate which will

a) subjecting an aliphatic fluorocarbon starting compound to a treatment
which will break at least one chemical bond of said aliphatic
fluorocarbon starting compound to form a reactive aliphatic

fluorocarbon intermediate compound;

b) reacting the reacti.ve aliphatic fluorocarbon intermediate compound
with another compound or another reactive intermediate to yield the
desired aliphatic ﬂuorocarbon product or an intermediate which will
lead to the desired product and optionally to some undesired aliphatic

fluorocarbon products;

c) separating said desired aliphatic fluorocarbon product from any

undestired aliphatic fluorocarbon products; and
d) recycling any undesired aliphatic fluorocarbon products to step a).

2. A process according to claim 1, wherein the chemical bond of said aliphatic |

fluorocarbon starting compound is broken by pyrolyzing said aliphatic fluorocarbon starting

compound.
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| ead to the desired product and optionally to sone undesired aliphatic

f1 uor ocAY@BHORBbducts; c) separating said desired al i phatRCI/FSWANESar bon
product fromany wundesired aliphatic fluorocarbon products; and d)
recycling any undesired aliphatic fluorocarbon products to step a). 2. A
process accoBdi ngAlgrocdsgifon prepadify teifldofdechylsie{ TRE], imogreaterf tham50%ali¢lghat i ¢
fl uorocarbon starting conpound is broken by pyrolyzing said aliphatic

fl uorocgg ,Qgﬁls _ ovddke ERL 7384
PCT/ US00/ 1 86‘? ﬁ%{)l Aglprfo‘gg@is%lfﬁ%rz g)rﬁheuparl ng f WF? :Eglr oettﬁéyaﬁte‘%éi)#}é\@ %I{lﬁ ‘

greater ig%g 50% yi el d conprising pyrolyzing

1-ch|or3 ,2,2-trifluoroethane, [R 133a], at a tenperature bel ow about
725C. 4. A process for preparing 1,1,1, 3, 3-pent af l uoropropyl ene, [PFP],
conprising pyrolyzing 1-chloro-2,2,2; trifluoroethane in the presence of
chl orodi fl uor omet hane at about 725-750C. 5. A process for preparing

1,1,1, 2,3, 4,4, 4- ogi protess for prepating g1, l[xfBlzntaﬂmﬁpmpyleng, [P¥PYIcymipriging
l-chloro-1,2,2,2-tetrafl uoroethane, [R 124]. 6. A process for preparing

1-chl or i | hidYe
1-chl or gylély%r%'l %:l,rﬂl8 &%’g%éﬁ g%rgﬁ at a Otl&?ﬁ%éo%egﬁg at cﬁgggﬂo?%;hnane Sg/gbout
converslﬁg A process for preparing 1, 1-dichloro-2,2-difl uoroethyl ene,
[ DCDFE] Zﬂ?} 'sing pyrolyzing 1-chloro-2,2,2-trifluoroethane in the
presence of chlorodifluoronethane, [R 22], and hydrogen chl ori de.

s A process for preparing 1,1,1,2,3,4,4,4-octafluoro-2-butene, [OFB],

comprising pyrolyzing 1-chloro-1,2,2,2-tetrafluoroethane, [R 124].

6. A process for preparing 1-chloro-2,2-diﬂuométhylene, [CDFE] comprising

pyrolyzing 1-chloro-2,2,2,-trifluoroethane at about 700°C and at less than 10% conversion.

7. A process for preparing 1,1 -dichloro—2,2-diﬂuo;oethylene, [DCDFE],
comprising pyrolyzing 1-chloro-2,2,2-trifluoroethane in the présence of

chlorodifluoromethane, [R 22], and hydrogen chloride.

8. A process for preparing 1,1,1,2,3,4,4,4-octafluoro-2-butene comprising

pyrolyzing 1,1,2,2,2-pentafluoroethane, [R 125].

9. A process for preparing 1,2,2,2-tetrafluoroethane, [R 134a], comprising

pyrolyzing 1,1,2,2.2.-pentafluoroethane.

A O R A
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8. A process for preparing 1, 1, 1,2,3,4,4,4-octafluo ro-2-butene

conpri si ndVOB}/P'@P‘gm ng'1, I, 2,2,2 pentafl uoroethane, [R 125] PCOUSAI/H863 ess
for preparing 1,2,2,2-tetrafluoroethane, [R 134a], conprising pyrolyzing
1,1,2, 2,2, pentafluoroethane 1111211 111D 1@l 11121 010 i 15

SUBSTI TUTE SHEED. ( R froBét R0 epdft304- ARETS00/ 1R TudDetAnd R PR OF
preparing 1 1-dichloro-1, , 2-tetrafl uoroet hane [R 1 14a], conprisSing

pyrol yzi ng, I d1. A process for preparing
perfl uor obut ane é)f%lgéfﬁlgzt ghl#f?r%gz%;&rgg |ng 1 2,2, 2-pent af | uor oet hane.
+ 12. A process for preparing 1,1, 2,2, 2- pent af | uoroet hane conpri sing
pyrol yzing 1-chloro-2, 2, 2- trifI uoroet hane. 1A Q 11111101111 1211211 1111 L
M 16 SUBSTI TUTE SHEET (RULE 26)

11. A process for preparing perfluorobutane, [PFB], comprising pyrolyzing

1,1,2,2,2-pentafluoroethane.

12, A process for preparing 1,1,2,2,2-pentafluoroethane comprising

pyrolyzing 1-chloro-2,2,2-trifluoroethane.

A
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