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Description

BACKGROUND OF THE INVENTION
[0001] Fluorinated peroxides are powerful oxidizing agents and have value as free radical generators and etchanis.
In the manufacture of electronic components. Pefluorodimethy! peroxide or sometimes called bisrisoromethyper.
oxide is an example of a common luroperoxide employed in these applications.
[0002] One ofthe many requirements imposed by the electronic industry is that of high purty. The resting product
must be substantial free of unreacted contaminants. Because of the highly reeciive and hazardous nature of the

10 reactantsandbyproductsformedin he synthesis, therearemany safety suesandexremecaresrequiredinsynthesis:
and recovery of igh purty product
[0003] The following atles and patents are representative of the art wit respectto fluorinated peroxides including
the production of perfluorodimethyl peroxide and thee recovery.
[0004] USP 3,100,803 and USP 3,230,264 (GIP of 264) disclose the synthesis of perluorodimethyi peroxide by the

15 reaction of equal molar amounts of carbory! fluoride wit uoromethyl hypoluorte in the presence of a metal fluoride:
catalyst. Reaction temperatures general are in excessof200°C. Samplesof products are collected by condensing in
traps cooled by liquid oxygen. The condensate then i separated by distilaton. Inotherprocedures, carbon monoxide.
Is reacted with fluorine in various ras, thus generating carbon fluoride and tfuoromethyi hypofuorte in si.
[0005] USP 3,202,718 discloses a method for the preparation of bis (fluoromethy) peroxide (BTMP) by reacting

20 carbonyl fluoride (GOF;) with chlorine tluoride (GIF) at temperatures ranging from 0 fo 300 °C, preferably between
100 and 250 °C, In the presence of fluoride sas. Isolation and purfication of BTMP is. effected by passing he reaction
product through atubeof granulated calciumchloride, scrubbing wihwater and utecausticoremoveresidual chlorine,
hydrogen fluoride, and carbonyl fluoride, passing the scrubbed stream through a -80 °C rap to freeze out water and
condense the birfuoromethylperoxide, and te passing the liquid stream througha ud itogentrapto prevent

25 lossof bis(rfluoromethy) peroxide. When ttraflioromethane is present as byproduct, removed as a laststep by
dition
10006] Roberts, HL. PreparationofBis(irfuorometry) PeroxideanditsReduction with Hexafluoropropene,J. Chen
Soc. (1964) 4538 discloses a process for the preparation of BTMP through the reaction of COF, with CF;OF (molar
atioof1.47:1) athigh-temperatureand high pressure(275 “Cand780 psigi37.3KPa) narickel autociave. Theautoclave.

2 isconled1o room temperature and the products remaining nthe autoclave are removedand the gases passed trough
quid ir traps. Then the condensate Is distilled in a Podbialiak column. The recovered product then is reacted wih
hexafucropropene and aproduct consisting of wlomers CF,O[CaF OCF, where n 22 i formed.
[0007] Gard, G. L., eta, ReactionsofXenonwithCertain Strong Oxidzing Agents, The UniversiofChicago Press,
(Chicago, 1963 (5 109-111 disclose various reactions of xenon with various oxidizing agent. In one example xenon s

35 reactedwith rluoromethy ypofiuoite toproduc xenondfivorideand BTMP. Inthe recovery stop, he reactionproduct
1225°C iscooled in water bath, then coolet 0-78°C and th volatie product pumped away and trough a uid
nitrogen rap.Thevolatie materials othrthan xenon areshowntobeGF;OF, and OFs00CF andthematerial remaining
inthe tube is xenon difluoride.
[0008] US 4,499,024 discloses aprocess for the production of bisluoroxyfucromethane (BDM)by the reaction of

“0 carbon dioxideandfluorine inthe presence of acesium florid catalyst, The principal mpuriies are CFOF, CO, and
(CF, although race amounts of CF,00CF: can be present. Separation 0 produce high purty product s accomplished
by liquefaction and venting the gaseous mpurties.
[0008] US 4,654,444 discioses a processforproducing lorie containing diacylperoxides by the reaction of an acyl
halide, 3. a,a-dluoro--butoryproplonyl chloride with sodium peroxide in water and extracting the product with a

“5 sulable solvent

BRIEF SUMMARY OF THE INVENTION

[0010] This inventions drectedtoanimprovement inaprocess forproducing high purty luoinatedperoxides typically
20. formedbythe reaction of acarbonylfluoridewith a hypofuorte. The improvement resides in asmpifed processfor

the synthesis and gas phase recovery of high purl fluorinated peroxide product and comprises the steps:

(a) reacting the carbonyl fluoride with the hypofluorte underconditions sh tha a Gaseous reaction product com-
prisedof thefluorinatedperoxideand unreacted carbonylfluoride whichi essentialree of unreacted hypiuorte

5 stomed:

5) removing unreacted carbon fluoride and any byproducts from the gaseous reaction product under gas phase
conditions thereby generating a gaseous product stream containing the fluorinated peroxide; and then,
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©) collecting ihe fluorinated peroxide from ste (5 in as phase.

10011] Significant advantages can be achieved sing th simpiied gas phase recovery process andsomaof hese
inciude:

an aity to produce fluorinated peroxide of sufficient high purty to be used diecty for electronics appications:

anabityto siminatehe low temperature condensation stepsand station taps associatedwithpropurficaton
processes;
an ably0 produce such high purty fluorinated peroxide without he needfor a distlation ste: and,
an abity toreduce he hazards associated wh ow temperature recovery processes employing condensation in
producing highpurty fluorinated peroxides:

DETAILED DESCRIPTION OFTHE INVENTION

10012] Tisinvenionis directed oan improvement in process forth productionof highpurty fiornated peroxides
formed reacting acarbon furide with a hypofuorte. Theprocess s generally comprised of wo steps hefst step

20 invoing he synnesis of he fluorinated peroxide containing reaction product and tha second step Invahing he Gas
phase recovery of the fluorinated peroxide from the reaction product.
10013) Thefiststepintheprocessis compriseto eactngacarbony fluoride wih ahypofuorte suchas rlorometny
ypafiorketo forth laorneted peroxide. Th hypofuoremaybepreparedprior tocontactwith the carbonyl lucride
orfomad, in sit, a for exampleby ihe reactionof carbon mone wih fluorineinte presenceof a clays, o.6.a

2 florid salt. Likewisehe carbonyl fluoride can b formedprot0 reaction wih the hypofuort onitas for example
byreactingcarbon monoxide with fluorine. Depering upon the reaction scheme selected reactantsmay be preformed
orfomed nit one desires
10014] Examples of hypofuortessuedforreaction include he Gy. akyhypofuortas and C,  bisalkyhypofvortas
suchatifuoromethyl hypofuote, chiorodfiuoromethy| hypofuor, entafuoroethyl Pypofuort, hetafuoropropy!© rypofuorte,and bis(fucroxydfuoromethane.
10018] Prefered routes 0 desied fluorinated peroxides are described by the equations:

“ A

excess COF, + ROF ~2» ROCF; + COF, R= CF (x= 1-8)

‘8

excess COF; + RY(OF); —a R{OOCF;); + COF, R=CF (x= 1-8)

10016] has bean found that one can reduce the hazards associated with the recovery of fluorinated peroxides
including the simpificatonothe recovery process by inal controling the reaction conditions sssocited wih the
ynihesi.Anintalcbjective nthesynhesiclthe fuorinatedperoxideis oneofefctng eslcomplet conversion

5 ofthe hypoiuorta employed in the reaction. Reaction conilons are controlled to die the equim based reaction
10 completion leaving essential no hypofuorte in th reaction produc. ts preferred tht th reaction product have
less than 0.5% hypofuorte general ess than 0.1% and preferably ess han 0.05% by weight.
10017] Ina preferred embodiment bisforomethy) peroxide i produced bya process which comprise:

55 (a)reactingcarbory!fioride with rfuorometry hypofuorite underconditions such thata gaseousreactionproduct
comprised of bis(vluorometry) peroxide, unreacied carbonyl fluoride and byproducts and having fess than 0.5%
triluoromethy| hypofuorte i formes;

a
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0) removing unreacted carbonyl fluoride and by products fom the gaseous reaction product under gas phase
conditions thereby generating a gaseous product stream containing sald bis(fuoromethy) peroxide; and then,

©) collecting the bis(uoromethy) peroxide from step (o) i gas phase.

[0018] A key factor leading to a reaction product essential ree of unreacted hypofiuorit fes in the reaction stoch-
omery. A stoichiometric excess of carbonyl fluorideto the hypafiuorte is employed to drive the reaction as represented
by the above equationstocompletion. Molar ratios of carbonyl fluoride to hypofuoite are general from 1.10.31 and

preferably from 1.21 1.7:1. Otherbyproducts commaniyformed i the reaction in small trace amount include carbon
10 doxide, hydrogen fluoride, fluorine, and adventious water. Temperatures of from 150 to 360 °C and autogeneous

pressures are typical. Reaction conditions vay depending on the hypolluorte used and the fluoinated peroxide beng
made.
10015] 1t has been found tha by conducting the reaction of carbonyl fluoride wth the hypafiuorie under condiions.
such that essantaly no unreacted hypofuore remains, one can implement a gas phase recovery process to achieve.

15 removalofthe unreacted carbonyl fluorideandbyproductsfrom thereaction productandrecoverthefluorinatedperoxide:
without passing he reaction productthrough lowtemperature condensation taps. By maintaining gasphase condiions.
throughout recovery one avoids the hazards associated wit highy reactive compounds in condensed form.
[0020] _ Inthe broadest sense recoveryof the fluorinated peroxidefrom the gaseous reaction product can be achieved
by passingthe gaseous reaction product rough sorbentbedcapable of removingthecontaminatingarbor fluoride,

20 andanybyproducts. Alkalexchanged3105Azeoltesandanhydroussoda-me granules reexemplaryof theadsorbents
capable of removing such contaminants.
[0021] Inthe preferred recovery process the gaseous reaction products inal scrubbed with an aqueous medium,
typical an aqueous akaine medium, in order to hydrolyze unreacted carbonyl fluoride, and neutralize any acid
compounds present in the gas stream. An alkaline souton having from 5 to 50% by weight of akal, ©. Sodium

25 hydroxide, potassium hydroxide, calcium hydroxideandso fort sa preferred scrubbing agent.
10022] In the secondpartofthe recovery process, the thus aqueous reated reacion product s passed through one.
ormore absorptive beds to assist in the emaval of unreacted carbonyl ivorideandbyproductcarbon cxides, ©... COs.
and entrained H,0, Representative adsorbents sulted for removingcontaminants fromthfluorinated percxide product
include zeoites such as 3 and 4 A zeoltes and soda-ime. Small pore zeaites should be used so as o avoid reaction

2 withthe fluorinated peroxide product. In theevent hat some carbon oxides remain aterpassage through the adsorbent
bed, the product may be passed through a reactant such as soda-lime whch i capable of reacting wih the carbon
oxides or another bed of adsorbent
[0023] The folowing examples ae providedo lustrate various embodimentsofth invention and are not intended
to restrict the scope thereof.

=
Example 1

Preparation of Bis(ruoromethypercxide Mole Ratio 1.52:1
“© [0024] Reactants carbony florid, COF, and luoroxytrfuoromethane, GF OF, were prepared in alow system and

collected in a clean and dry 600-co Monel pressure reactor. A ota of 500 mmol COF. and 328 mmol GF(OF was.
collected representing a mor rato of CO;GF;OF of 1.52:1. The mixture of COF, and GF;OF was heated under
‘autogenous pressure to 274 °C overthe course of 3. hoursand thenheldat 274 for an addtional 2 hours.Afer the
specie time, the mixture was allowed 0 Cool fo ambien temperature. An Infrared spectrum of th reactor contents

4 indicatedamixture ofCO, and bis(iloromethyperoxide (BTM), CFOOCFs, wih no GFOF observed.
[0025] The gaseous contents of the reactor were passed througha purficaton rain consising of a column of HO.
followedbyabed of heatactvated 4A mleclarseveand subsequentycollected ina cleananddy collection cylinder
at sub-amblent temperature. Infrared analyssfthe product in the collection cylinder indicated high-purty GF(OOCF,
(BTMP)withnoevidenceofanyCO,H,0, COF, orFOFpresent. TheBTMPproductweighed33 3 gwhich represents.

© aye of 60%.
10026] Using tis reaction and recovery protocol one is able fo avoid the hazards associated wit the presence of
(CF;OF nthe reaction product an the separation hazards associated herewih,

Example 2

Preparationof Bis(rfuoromethyperoxide Mole Ratio of 1.25:1

[0027] nanexperimentsimiarto hatdescribed n Example 1, 443 mmol ofCOFand354 mmol GF OFwascalected

4
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‘epresanting a molar ato of COF 4OFOF of 1.251. The mute of COF, and OF(OF was heated underautogenous
preseure 270°C and the hes between 270 °Cand280 C for 3.5 hors. Afer he specified ime, he mixture wes
‘lowed to col to ambient temperature. An nar spectum of he reactor contents ndated & mixture of COF and
isfuorometnyperosde (STP), GF,00CF,, wh no GF,OF abserved

5 [0028] Theproductof theresclon was puredandcollected according othemethod described in Example1. fared
analysis of th product nine collection yinder indicated igh purty CF{00GF. (BTHP) wih no evidence of any C03.
1,0. COF,,or GF(OF. The BTMP product weighed 36.9 g which represents a yield of 61%.
Examples
Preparationofis(riuorometnyperoxde Molo Rao 1.99:
10025) Reactant caonyl ride, GOF,, and floroytfuoromehane, CFF, wre distlied no 8 cean and dry600-cc Monel pressure reactor, Attl of S50 mmol COFy and 281 mmol GFF was sed represaning a molar ato15 COR, GF,0Fof 1.001, The misture of COF, and CF {OF was hed under autogenous pressure 10.275 Coverhe
cours of 5. hours and then held i » 269 °C fo an addtional hour. Aferthe specified me, themirewasallowed
10.coolto ambient temperature. An nar spectofthresto contents ndcated a mire of CO, COF, and bs
(iorometnyperoide (BTWP), GF,00CF wih no GF,OF abserved
0030] Tho content of te racto were pas trough a purfcaton ain consisting of a column of H,0follow by

2 abedot heat activated4hmolecu sieves andth ested contents subsequently coleted n aceananacry collection
pinea ub-amblent temperature. Infrared analysis of he product in th colecton cylinder indicated a mire of
CF,00GF, (BTWP) and CO. Apparently the molecular sieves ware nat compel ffactve at removing COy. The
contentsofhecolecton yinderwersenpassed rough acoumofsoda-mandcolscied aean dycyinder.
‘Analysis of thecylinder contents cated igh purtyGF;00CF (BTM) wih no eidence of any C03, HO,CF or

= GFF.
10031] Tis example shows tha increasing the malar rato of carbo furide to tforametny hypafiorte above
1.7, hough efectvefo minimizing th evel of floret hypofluorte nh reaction product rel In creased

carbonoxidecontent, a wel creasing the evel of unreacted caroory orce, and hat creased ond may place
nnacassary burdens on the scrubbing nd adsorbent systems in addonto the fos ofreactant arbor uorid.
Examples
Purfcaton of Crude Bisrfuorometnyperoxide Wih Soda-Lime

35 [0032] Acnude sample containing a mixture of BTWP and COF, was passed tough column of sodadime and then
colectedina cleanand dy colectioncine.Analysisofthe cylindercontents ncicated gh purky CF00CF (BTM)
with no evidence of any CO. 0, GOF, o FOF.
[0033] This example demonstrates that i is possible to employ a single adsorbent to remove substantially all of the
contaminates fom a eactnproduct containing he fuornated peroxide,
amps
Puricaton of rude Bs{rfuoromethyperoide With Water and Soda-Lime

45 [003] AcrudesanpiecontainingamisureofTMPandCOF waspassedtrough acolumnofH,0 andsubsequent
ough column of oda-dmeandthen colectd ina clean and ry colection cylner. Analysis fie yindarcontents

inciceted igh purtyGF00GF: (TMP) wih no evidencofan Gg, HO, GOFy.orGF5OF.
Comparative Examples
Puricaton of rude Bsrfvoremethyperoide Wih Soda Lime
0035] An attempt to purtycrude sample containing a istur of BTMP an CFOF bypassing the mixture trough
‘column of sodadimewasnot successll as he process generated oxygen aswelas a remendousamountof ocaized

55 heat. That heat caused he subsequent decomposion of tha remaining ETP.
[0036] ~This example shows the unsuitabilityofthegasphase recoveryoffluorinated peroxide product from a gaseous
teacton product containing ueacied pollute 8 sth case whan COF, and GFF are reacted in equal moar
‘amount The scrubbing of th reaction produc by contac with column of water nd removal of carbon xis

s
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Claims
1. Aprocess forproducingahghpurty fluorinated peroxideby racing carbon furde witha hypafiuorte which

comprises the stops:
(e reactingsaidcarbony fuori wih ssid ypofuorte underconions such that a gaseous reaction product
comprised of said fuonated provide and unreacted carbonyl fluoride whic s essentially fee of unreacted
ypofurte is formed;
(5)removingunreacted carbon lurid fomihe gaseousreaction productundergas phasecondos hereby

0 generating a gaseous product stream containing sald fluorinated paroxide and then,
(¢) collecting the fluorinatedperoxidefromstep (b) in gas phase.

2. ApracessofClim 1 wherein th reacon synnesi describe i tap (8) represented by the formulasAand
" a

excess COF, + ROF —2 ROOCF; + COF, R= CyFp (x= 1-8)

8

excess COF; + R{OF); —» R{OOCE;), + COF, Rip=CyFy (x=1-8)

3. AprocessofClaim 1 or 2 wherein the mole ratoof carbonyl fluoride to ypofuctfrom 1.1131
4. AprocessofCem whereinsaid molerato rom 1210 1.71
5. Aprocess of any ane of the preceding clams wherein the Gaseous reaction products nil contactedwith an

‘aueous medium under condition or hyoroyzng Ureacted carbonyl fluoride
®

6. Aprocessof Clam 5 wherein the gaseous reaction produc iscontactedwih heaqueous medium underconditions
for hycraing carbonyl fluoride an forming an acide compound.

7. A process of any one ofthe preceding claims wherein the gaseous reaction product steam, afer th optional
“0 aqueous reament, i passed trough an absorbant 1 remove any unreacted carbony lords, byproducts and

8. AprocessofClim 7wherein the adsorbentszeae lecular sieve.
455. AprocessofClaim wherein the molecularsieveis 3A or 4Amolecular ive

10. AprocessofClim 7wherein the adsorbentis amolecular iov or soda me.
11. Aprocessofany ane ofthe preceding ims wharei the hypouorte i sleced rom Cy. alkyhypofuoies and

© Cygbissyhypotortes

12. A process of Glam 11 whersin the hypofiuorte is selected tremely! hypofuorte, clorodfuoromethy hy-
pollute, entallioroethyhypofuote, heptafuoropropyi plore, and bis(lorosyduorometane.

5513. Aprocessof iam 12wherein the hypoforte fs furomethy hypotuorte
16. Aprocessofany one of thepreceding cams whersi unreacted tfloramethy hypofcrte nthe reaction product
is present nan amountofes han 0.6% byweight.

6
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15. AprocessofClaim 14 wherein unreacted rfuoromethyl hypofuotte nth reaction products present in anamount
ofess than 0.1% byweight.

16. AprocessofClaim 16 wherein unreacted rfuoromethyl hypofuotte nth reaction products presenti anamount
s of ess 0.05% by weight

17. A process of any oneof the preceding claims wherein the carbon fluoride and tiuoromathyl hypofiort are
preformed prior to reaction

1018. A process of one of las 1 to 16 whereln the carbonyl fluorideandorthe trifluoromethyl hypofivorte are formed
insu.

=
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