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PET/ US96/ 14734 PROCESS FOR THE PRODUCTI O\I OF

DI FTOOROVETAANE —— 5~ Fretd—of—the—+rAventi on
The present invention relates to a vapor phase process for the production
of difluoronethane, HFC-32. 1n particular, this invention provides a

process for t he preparation of HFC-32 t hat .exhi bits good product
yield and sel e@’ﬂ%ﬂ‘f%” 10 Back gecwmwsdendiaz he
I nventi on - It is well known inthe art that HFC-32 may be used
as a replacenent for environnment al | y di sadvant ageous

chl or of  uorocarbon refrigerants, blow ng agents, and aer oso
propel l ants. - A variety of methods for the vapor phase production of

- HFCG-32 are known. 15 For exanple. US Patent No. 2,745, 886

di scl oses a vapor phase process for fluorinating a variety of -

hal ohydr ocarbons.i ncl y eh process
utilizes a hydrated chrom um f%m cammat edovm t oxygen.
Simlarly, US Patent No. 2,744,148 di-scl oses a hal ohydrocarbon 20
fluorination p%ocess in whi ch an HF- g.cei#d ﬁ % al.um na catal yst is used.

US Pat ent No. 862, 995 discloses th ?}a e Hﬂ'gg productlon of HFC- 32

by reacting vi nyI chl %Gm%vbﬁldmmgt@i W ,;éﬁgd vative
catal yst - pported on carbon. US Patent 147, 733 d| scI oses a

vapor phase r eat | rﬁ”%""mmt}ﬁ’@‘ﬁ? ol Rarticyfar, shis impentiop PEW"Q%E:EPBEE% o HF in
:)?gcfir g:?nfﬁegfe pr g@k s%%onfogr F& W@Eg{) I on Slﬁ *gl? a?r om a \yar i ety of
probl ens including | ow product yield and selectivity as well as operational
10 Background of the Invention
It is well known in the art that HFC-32 may be used as a replacement for
environmentally disadvantageous chiorofiuorocarbon refrigerants, blowing agents, |
and aerosol pfdpellants.' A variety of metheds for the vapor phase production of
HFC-32 are known. '
15 | _ |
. For example, US Patent No. 2,745,886 discloses a vapor phase process for
fluorinating a variety of halohydrocarbons including methylene chloride, HCC-30,
which process utilizes a hydrated chromium fluaride catalyst activated with
oxygen. Similarly, US Patent No. 2,744,148 discloses a halohydrocarbon
20 fluorination process in which an HF-activated alumina catalyst is used.
" US Patent No. 3,862,995 discloses the vapor phase production of HFC-32
by reacting vinyl chloride and HF in the presence of a vanadium derivative catalyst
o supponed on carbon. US Patent No. 4,147,733 discloses a vapor phase reaction
25  for the production of HFC-32 by HCC-30 with HF in the presence of a metal
ﬂuonde catalyst.

In practice, these processes for HFC-32 production suffer from a variety of
problems including low product yield and selectivity as well as opgrational
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~difficulties such as feed decorrp05|t|on The process of this invention .
provi des for the production of HFC-32 by a process that overcones sone
of the di sadvant ages of the known processes. 5

Description ohwébpdeyenti on and Preferred Enbodi ments “‘];Q;
present invention provides a nethod for HRR232 prioduction in googgu

yield and selectivity. In general, the process of this invention conprises
contacting HCC-30 and HF in the presence of a fluorination catalyst
to produce a product stream of di fl uoronet hane, chl orofl uoronet hane
("HCFC-3 1"), hyddifipahies guch as fepdhdscampositianh | The prasessof this inyrationy provigenfor

b e oo ASRETE e oA by A Nl

(A) preheating a sfrhpRidvn procedsespri si ng hydrogen fluoride ("HF') and
HCC- 30 and, optionally, HCFC-31, to forma vaporized and superheated 1 5

conposition; (B) reacting the preheated conposition of step -
(A) in the pregence of a pegcripti Bﬁ%%ﬁéPW%ﬁﬁneﬁﬁ“d'“ons
suitable to forma product st ream conprising 32, HCFC-31 and

hydr ogen chl ori de and lihnmeuvmmwmhodformc-nproducue-zjnmdover| ng

by distillation fr é?fﬁﬁ mil!
f)r/act i on conpri si W%%ﬁ% ag’gt“gﬁ?‘m@ %P’l‘pgﬂ” frac |A£g
conpri si ng HFC- 32HOG-80 addHF mnliepmm afia ﬂuppmmmlyumlproduceaproduct (D)

recovering substant [ aI tI)fy ggrgmth 3%"‘?'3 duct b, rp.ﬁ@gﬂﬁg.\g‘ {l))i%IBI i ng

fraction of step B orrprising

HF and HCC- 3034 s emsh&amﬂlowm%ne. and hydr&fbﬁfﬂuemt and pepatating HFGY32 @om it i ng"
IS nmeant to vaporize and super heat the nposition. The corrp05|t|on o

is heated to a teRfaduetstream.oln %P’M“l%féh?f’"@“?%“mm'aﬁms°
400[err] C, preferably 150[err]C to about 300[err]C, nore preferably from
about 175[err] C to about 275 C and nost referablﬂi/' 200 C to about
250[err] C. The (A) preheatmgaoomposnon comprising hydrogen fluoride (“HF”") and

HCC-30 and, optionaily, HCFC-31, to form a vaporized and superheated
15  composition; |
(B) reacting the preheated composmon of step (A) in the presence of 2
fluorination catalyst under conditions suitable to form a product stream comprising
HFC-32, HCFC-31 and hydrogen chloride and unreacted HCC-30 and HF;
(C) recovering by distillation from the product stream of step (B) a high
20  boiling fraction comprising HF, HCC-30, and HCFC-31 and a low boiling fraction
comprising HFC-32. HCI, HF, and reaction byproducts, and -
= (D) recovering substantially pure HFC-32 product from the low boiling
ﬁ'actlon of step (C).

25 In step (A)a composition comprising HF and HCC-30 is preheated in at
least one vaponzer By “prehemag is meant to vaporize and superheat the
composition. The composition is heated to a_ temperature of from about 125°Cto

- about 400° C, preferably 150° C to about 300° C, more preferably from about
175° C to about 275° C and most prefierably 200° C to about 2502 C. The
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~waporizer, as well as the other vessels used in this process, nmay be made

of any sui tabl e corrosion resistant material . Al t hough

fresh HF and HCC-30 may be used in step (A), preferably the 5 conposition

of step (A =1 recycled material fromstep (C) as desgyl - -
tgﬁatﬁh% W’éﬂ?‘at o’

bel ow. When e process is run without continuous recycle,

of HF to organic, specifically the mle ratio of HF to HCC-30, is
fromabout 1:1 to. about © 10:1, preferably fromabout 1:1 to about 4:1.
Optionally, fresh HCFC- 31 may be added to the conposition of step "
(A). 10 LA [ ' ' t he hi gh
bot i ng fracti on v2Porizéh b dPonker BusE e AEAEY g bE aBEGE i {17

whi ch case a | ar guitablecosasimf resiftantonaterial. organics is used. In the process
of this invention, the higher the HF:organics nole ratio, the higher’

the yield and selectivity for HFC 32. Correspondingly, a large 15 excess
of HF will result in Afhkoughtresi HP andHCE0 iy beusalinsed (A} preférablathet he
conncentration of unreacted HCC-30. Additiopall t he usg, of .a l.arge excess
of HF whll c&éﬂs&%efiﬁ&?ﬁmmlﬁgﬂ‘ﬁ%ﬂme%@‘?g?ﬂ in | ess
deconposi ti on i N paiow, - WH2h ShEpFbEsS is MK witoLP Ednéifichs r&§Ele.thémble e Hf HEN e
reaction is conducted at pressures in XCess at nospher es.

f 3
General |y, a rat itworghni¢specificaliythe mole nﬁ%ofrléﬁgaﬁl%JQ? isfiompaboyt b3 teiahogty of
HFC- 32 f th d ' . - -
about 30(r):0r1n, p?eﬁéﬁaﬁ'm{f easlp?'gtl)%tl}?k%?a]@%ug?ﬁ?'e%ess%ﬁggﬁ%ﬁgﬁ%‘:’el, and

nore pr ef eradiddyto die compeditiabafistepTAh).1 to at | east about 150:1 is used.

The preheated conposition of step (A) is reacted in step (B) in a vapor 25
- phase fluori A8t i on reaction to forma product stream m xture.” The reaction"

nay proceed in ARemativelyDi Sortingéusaédyole socamcatithekigh boilimpldction. \Wen
more than one . _reactor is used, the 'reac{vgir arrang_gmsnt iqi?ﬂ'pt
critical, but a btpinedinsep (C) is recysied so8em AN hich case 8 igrgejexcesyof HF 135 or

B:?} gp?mﬁg eC ool | %ggamislﬁgedf fiffite prbced3'of s invention, iﬂ&i&lﬁﬂhe "HES6rgaitics mole

: ratio, the higher the yield and selectivity for HFC-32. Correspondingly, a large

1S  excess of HF will result in the reduction of HCFC-31 produced as well as the
concentration of unreacted HCC-30. Additionally, the use of a large excess of HF
will decrease catalyst deactivation rates and result in less decompositionin
preheaters and vapoﬁzers, especially when the reaction is conducted at pressures in
excess of 3 atmospheres. Generally, a ratio of HF to HCFC-31, as measured after

20  separation of HFC-32 from the product stream, of at least about 25:1 to at least

~ .about 300:1, preferably at léist about 50:1 to at least about 200:1, and more

. preferably at least sbout 75:1 to at least about 150:1 is used.

“The preheated combositioﬁ of step (A) is reacted in step (B) in a vapor
25 phasé flucrination reaction to form a product stream mixture. The reaction may
proceed in one or more isothermal or adiabatic reactors. When more than one
reactor is used, the reactor arrangement is not critical, buta sequential
arrangement is preferred. Inter-reactor heating or cooling may be used to obtain
the best reactor performam':el. ' .
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‘“process are filled- with a fluorination catal yst and the organic and
HF vapor is allowed to contact the catal yst under " conditions suitable .

to forma reaction mxture. The reactor tenperature is 5 mai nt ai ned at
from about 12W@9¥410430 about 425 C, preferably 150 C to aboutpcy
more preferably 175[err] C to about 275 C “#rd nost preferably 20 err’T‘C to

about 250 C. Reactor pressure may be atnospheric, subatnospheric, or
super at nospheric. Preferably reactor pressure is nai nt_ai ned at from about -0
psig to about 250 psig. Contact tine, the tinme required for the

reactants to pass 10 through the catalyst bed assum ng a 100% voi d

catal yst bed, is typi aakkasctor heactors use‘ihﬁtﬁxs bro&&siﬂ%‘ﬁﬂ&d %Qaﬂﬁ(i%ﬂén
preferably from abovt 2 to 60 secog_&_ - preferably from about 4

to about 50 secorf@@lysuay tharganic and b yappr Fr‘ﬂﬁ‘t’%ﬂo‘@@“@“ﬂbﬁ catalyst uudmut 30
seconds. 15 condtt;oﬂ@“lm%mct IRiube, uﬁfe' Pﬂtdr?ﬂnmst may be

used in the process of this 1 nvention. i ncl ude,
wi t hout |init&ti ousintsinedoatifiom aboutpl25?P to about 425almme&rd)ly t30940 do, abbBVOS | UM

, Zi kel ' o , hyd j halid
oxyhal | dos and | fortpinprerey (737 G35 ab 2257 C apd whB iy 200 petiop
Clerr]Qerr]/ A Bsefc] Reﬁ'tﬁﬂrésbﬂ%&hé afvidapieric, subatmospheric, or
CoCl[err]/Cr[err]Qerr]/A[err]Jerr],

Ni 81% er r} ; Cr Ear r |sapesatmosphetie. - Preferablyrreactar prassure i§ maintained tt]frqunabcmgo psig ol
“Ni err]/ Al Flerr a { t uch as nickel,
cobalt, zinc Lab&qg%b%d%ﬁ%ﬁtﬁ&gﬁ%%@ﬁgf@%‘%ﬁé st?tg"g?‘?é $ia, or
al'umi na may e uslmbughthecawﬁtmedmsﬁmnghdeowuﬁdmmw&ddmﬁpi&aayngﬁﬁ are

d bed Us P 5,155.0 t erein in-
o entirety. praPRRIP Do 120 seafisoReiseably Hom Syt 3308 echls ot ai | bl e

catal yst, is useGreféfably Homubout 1@aboit STREcdNs, ahd fiod gréferabi %om%u@m phous.
Preferably, anorphous chronm um oxide is used. The catalys used in

an anount ef f ect i3peut39 $669M% t he reacti on, The fluorination
catal yst may be, and i's preferably, pretreated prior to the

i ntroduction ofthe reaction feed stock. By "pretreat” is neant to
chenically or$ - Any known vapor phase fluorination catalyst may be used in the process of

this invention. Exemplary catalysts include, without limitation, chromium, copper,
aluminum, cobalt, magnesium, manganese, zinc, nickel and iron oxides,
hy_dtoxides. halides, oxyhalides and inorganic salts thereof, Cr20:/ALOs,
N Cr,04/AIF;, Cr;05/carbon, CoCl/Cr205/Al;05, NiCly/Cr;0/Al; 03, CoCl/AlF, and
20 NiCly/AlF;. Additionally, supported metal catalysts such as nickel, cobalt, zinc,
iron, and copper supported on chromia, magnesia, or alumina may be used.
"+ ‘Chromium oxide/aluminum oxide catalysts are described in US Patent No.
5,155,082 which is incorporated herein in its entirety. Preferably, chromium oxide,
a commercially available catalyst, is used. The chromium oxide may be crystalline
25 or amorphous Prefeubly, amorphous chromium oxide is used. The catalyst is
used in an amount effective to drive the reaetton

The ﬂuonnatton catalyst may be, and is preferably, pretreated pnor to the
introduction of the reaction feed stock. By “pretreat” is meant to chemtcally or
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active sites on the catal yst at which the reaction may occur. The
catalyst is pretreated by cal cining under_ a flow of i nert gas such as

nitrogen at a terrperature from about 200[err] C to abaut 450[err] C for
at | east about 9;}& The catalyst is then exposed to HF alone or in
conbi natio WI ‘Up to about 5 to about 99 weight percent. PET/USHE/14734
gas at a terrperature from about 200 T to about 450[err] C for at

| east - about 1 hour. Preferably, the catal yst then undergoes a third
pretreatnment step in which it is contacted with chl ori ne gas.

Preferably, the aEMGRNEIWOLNE( dhirko LIAAERRUrelth RNl JRGHS

HF and/or from abo an 1 nert gas.
10 passed over mheeacmmgysoccm 'ﬁlewalastwpfeumed:bﬁaalmmmdertxﬂw ofvol unme
cat al yst of about,

preferably about BYt gﬁ(fué’ \ dltrogen 8 %Béﬁ{"ger &?'ﬂé g%) & é’ﬁgg%/ﬁvfpf {n(;r ©

about 200 hours, a@m&ﬂbahlVhdi.rtW&dywmhenexposedmamhséﬁhe&hmn&f&nt0 30
hours. The chlori ne ex ure ma% be conducted at any tenperature and

pressure conveni eMth 'E‘R) w%mamteﬁmmgtsmtatempmmre The flow
of chlorine is di %Emg{ e

- feed HF and HCC 333 E%druggﬁgecgw snasigl égarr{)ﬁ ﬁ)ﬁgru' &f?ﬁ&’r}%bout 0.1

to about 10:atulystqhelnndetgdcasdﬂ'd(pretmmmt step::omimitxg is poredotedaditly from

about 2 to about L I cen d.to

preferably whil e‘?'H’é’“f Fﬁo?#&&?&n‘ gg%?ﬂ%ﬁg%eadd‘g@} @g@"'sé "Cbﬁg? ﬁ)ﬁ’s of

tine from about |HI¢'ﬁtd?&Cﬂvaﬁﬂﬁhb@tﬂaﬁoutmeif&hhl}énfgﬁﬁthechlonnamybe5 to

about 70 hours, and rmreﬁ&referably from about (10 to about 25 hours,
shoul d the cafal yRassed Questhe easalyst atAtptalivqlume E’ﬂ?’éﬂ‘é"%ﬁ'l“@lw CWYSt of about

The product streamposq SN w S Wwhich 25
- are HFC- 32, HCFC(-B‘ Elbyoangp’ﬁéfd as’sm l(og,?sounr eg*éé}gg ee stoc uc as HF and
- HCC- 30. The prod@@oweémmybcﬁepaba)tlltoabetuzmtmrapt@fetyhly&mmml n step

1 the art. The oreoreiahly IE i Tolhei, 30 <BhARE Aol Bt b8 Clneited o T ne
recycle colum i aemmmama@mnmmwmauuﬁmwwﬁnm and
I nternedi ate lrseact ant HCFC- 31. Pr eferably, this
The ﬂow of chiorine is discontinued after pretreatment is compiete and the

feed HF and HCC-30 introduced. A small amount of chiorine, from about 0.1 to

about 10 mol percent based on organic content, preferably from about 2 to about 8

mol percent, may be added to the reactor, preferably while the fluorination reaction

20 proceeds, for periods of time from about 1 to about 200 hours, preferably from
o about 5 to about 70 hours, and more preferably from about 10 to about 25 hours,

should the catalyst become deacnvated to restore actmty

The product stream produced in step (B) contains reaction products which
25  are HFC-32, HCFC-31, and HC! as well as unreacted feed stock such as HF and
- HCC-30. The product stream of step (B) is fed into a recycle column in step (C).
The recycle column may be any standard distillation column known in the art. The
high boiling fraction, or bottom stream, from the recycle column is composed of
unreacted HF and HCC-30 and intermediate reactant HCFC-31. sPreferably, this
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“Further in step (C, a |low boiling fraction, or top stream of
HFC- 32, HCl, HF. and reaction byproducts is recovered. 5
Alternatlvely, step (C) may be performed in two pans. In the first part,

the . pr oduéersiessam of step (B) is quenched. By "quenchi Qﬂ | S neant
t hat the tenperature of the reaction.gi.xture is reduceFTHBYUIEGH i t s

dew poi nt. Quenching may be conducted in a packed col unm cont ai ni ng
any suitable corrosion resistant . packing material and a suitable

refluxing liquid such as HF, HCC-30, and/or 10 HCFC- 31 after which the
guenched product mixtheeds renyciedith step 6&)/aftee recovenynFurther in step (C) a Jow boiling st ep

Fract; on of st op [0, oLiy sHamBAEERE RELHE. FIR iGenPirobanrai y ot ep

(D) is per f pgcosted)y a series of substeps including step (E), treating
t he gaseous m xture 15 in an HO distillation colum or aqueous HC _
absorption tower under conditions - - suitable to renove HC and trace

HF. The crude HFC 32 pipy r e (F)'
wth a first cg;ust I C scr%‘wﬁ e@c ‘ﬁé‘lpl onrém‘s’mwg&t@%gﬂdpﬁhﬁoa
neut{al i zed pr oduptodist strearn p_ﬁmﬁﬂ)gp quesched.aBy dquedching” isipeantthai the t he
caustic . scr [ | . roxi.de, or.potassium

hydr oxi de. Step (%ﬁ?"&gg}afgéfﬁ\%e@r’%‘f@%%%%‘ ‘”m'fh"&ﬁ ojf @Pﬂlﬁ‘“{’#)
product is treat ed.a'ybeaomiactemm mdesdicolnmn contaimnghi;&imhlh”&hemamwsum _
colrrPr![m ngdsodl um h drOXI de e!;[gp }/gﬁ%ﬁﬁ& Baﬂ@ﬁﬁ&:ﬁﬁm fsodl um
sul fite under con orma
substanti al.l ylghl Pfdl"@f ?ﬁr'%mu&t e,l,aj,e‘gg é,l;%%m,g@t%g&gc @I}:@B.Od“f:t S

treated a sul I c acl scru desi ccant,
such as any SU|tabIe, 25 connerC|aIIy avallable nol ecul ar si eve that

absorbs residual noi st ant i all

_ HIFG 5418 Fabpbekét 0 fle o WERH Y
noi sture-free product. | s I’s %oﬁ%rﬁ i 8 he st ep
(I—?j produgt S coﬁdﬁdh&fsteh(@)%nﬁnﬁthodddl&nowg:ﬂhemlmeersblystep(D)ls:Oljunns '
under conditions suf.fici gngsgn%‘g srzlggtepsm&uc{megsstepu@) i ngt 't;l es l%r}%xg‘ro uce

15 inanHCl dlsnllat:on column or aqueous HC] absorption tower under conditions
suitable to remove HCI and trace HF. The crude HFC-32 product of step (E) is
then treated in step (F) with a first caustic scrubber under conditions suitable to
form a neutralized product by neutralizing residual acidity. Typically, the caustic
scrubber contains water, sodium hydrb:dde, or potassium hydroxide. Step (F) is

20  followed by step (G) in which the step (F) product is treated in a second caustic

scrubber, preferably comprising sodium hydroxide together with a suiﬁte, such as
: "':‘sqdium sulfite under conditions suitable to remove residual chlorine and form a
substantially chlorine-free product. In step (H), the step (G) product is treated
with a sulfuric acid scrubber followed by a solid desiccant, such as any suitable,

25  commercially available, molecular sieve that absorbs residual moisture ffom the gas
stream to form a subétahtially moisture-free product. This is followed by step @™
in which the step (H) product is conducted through a plurality of distillation
columns under conditions sufﬁclent to remove the residual i :mpunnes and produce

1 2
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viel ght percent. Any residual HACFC-3 1 renoved 1n step (1) nmay be
recycled to step (A . . The follow ng non-limting exanpl es
will serve to clarify and exenplify the process of this invention. 5

Exanpl es 1 andyg In a 1/2 inch Mnel pipe react t 110
m Cr[err]qerr]/A ferr]qerr] (40/60 Wt 9%.7.- co-extruded@yégég?‘mere-
packed. - The catal yst was dried/cal cined at about 400[err] C for about
16 hours using air at 2-3 liters per mnute. Then, the tenperature was 10

| owered to 200[err] Cand air was replaced with nitrogen at about 0.5 - 1.5
liters per substancally e/ HFC32, gﬂﬁtomharqﬂﬂﬁ?ewdei'gmtparceMe Ang zesidoal at about
1-2 M/mn until xot he m ed throu ctor. Subsequently,

t enperat ure was rgg&i?‘gfmw sg@?@ % gﬂ/ %5373 our until the

t enperature was about ﬂ@fdld:ﬁ@[neﬁ-llhuﬁg (f?éﬂ\ﬁllts&@éﬁaclanfyandfﬁémﬁlf?ﬂiérs

Tenperature was then | owered tg the desire action tenperature F
and HCC- 30 were f PEPCRIHAS thifdventigt or at a nolar ratio of 4:1 (HF: HCC 30).
The nmi xture of gHF and HCC- 30 passed through two preheaters, the first of
whi ch - _ vvas at about 100 - 185[err] C and the second at about 200-
275[err] C. The pressure "~ was 50 Examplesricend@act or terrperature vvas 275

C for Exanple | and 300 C tinme
was 16 seconds resulti f%’%‘?”f'ﬁb""”@%ﬁ’fe?@?“é& nggg@gﬁ%mg@
- selectivity. The lab-@duﬁddd\cuwsxmﬁakédosrwwys:wasdrﬁ%henhéda{teﬁdulw@ont act
time for Exanple vvas 10 _seconds and HCC- 30 conyersion decreased to

77 % HFC-32 pr odG'cfPr quy 16 BoursusingAirat 3-3 Jiters per minutes Tihen. the tpmpperatyre was
HEC- 32 sel ect iyl { Youass A6 CRa it wiDRpBGRiEniRbod 18 30uPY 3TH!SARerd b

summari zed on
PCT/ US96/ 1_4734 mmute Anhydrous HF was pumped into the reactor at about 1-2 ml/min until 8-

exotherm passed through the reactor. Subsequently, temperature was raised at

25° C every half hour until the temperature was about 350 - 400° C and held there
for 8 hours. Temperature was then lowered to the desired reaction temperature.

15 HF and HCC-30 were fed into the reactor at a molar ratio of 4:1 (HF-HCC-30).
The mixture of HF and HCC-30 passed through two preheaters, the first of which
was at about 100 - 185° C and the second at about 200 - 275° C. The pressure
‘was 50 psig and reactor tempesature was 275° C for Example 1 and 300° C for

, Example .2. For Example 1, contact time was 16 seconds resulting in 82 %
20 conversion and 89.3 % HFC-32 selectivity. The productivity was 10 bs HFC-
32Mme/’. Contact time for Example 2 was 10 seconds and HCC-30 conversion

decreased 10 77 %, HFC-32 productivity for Example 2 was 13.6 Ibs/hr/f® and
HFC-32 selectivity was about 85 %. The results of these examples are
summarized on Table L. |

25



"Tabl e |
Exanple 2

Cat al yst

Exanple 1

—Cr[err]qerr]/AI[err]qerr](40/60vvt % Cr[err]derr]/A[err](err]
(40/60 wt % . Pressure 50 psig
50 psig HF/ HCC- 30 o [err]
[err] wo 9711108 nperat ure [err] C 275 PCT.
300 Contact Tinme (sec.) -8- 16 7US96/14734
10 Conversion % CH err]C[err] . 82
77 Selectivity (% HFC- 32
89. 3 ' 84.7 - HCFC-31
10.6 15.2 HCC- 40
0.1 0.1 Productivity (Ibs/hr/ft[err])
HFC- 32 . 10. 3 ' 13.
Exanples 3 - 6 I'n the pipe TapRqgt or of Exanples | and 2,
about 100-110 ni - Lo err] catalyst of 78/22 i ght
percent ratio wa$ packed. The catallyst vvﬁsﬂdPlFéd/cal bi ned Example 2nd
HF-treated using] QE“W’ S $0 10
were fed into théreactar at a4.1 (44 ﬂ?@' ) rati n A?F‘FP%?LII”A Q and
HCC- 30 wag passed™®PPough t he sarme $PHkeat er s|i ndi cat’@esi$ n Exanpl es
1 & 2. Pr egsur es HF#COB6.C € resul{s are sngwn onm rtabl e
. W) Ot 3-04r3 o T
PCT/ US96/ 14734 emperatire 300
- 9- - Contact Time (sec.) 16 lo Tabl e Il
Exanple 3 Conversion % CH:CIL X [PT & + 82 Freenme
Exanpl e 6 ' .
Selectivity (%):

HFC-32 89.3 84.7

HCFC-31 106 15.2

. HCC40 0.1 0.1

Productivity (Ibs/hr/R%): _
HFC-32 103 136
5
ExamplesB -6

In the pipe reactor of Exu'nples 1 and 2, about 100-110 ml CrzO;IAle;
catalyst of 78/22 weight percent ratio was packed. The catalyst was dried/calcined
and HF-treated using the same procedure as for Examples | & 2. HF and HCC-30

10 : were fed into the reactor at a4l (HF/HCC—:!O) ratio. A mixture of HF and HCC-
30 was passed through the same preheaters indicated in Examples 1 & 2.
Pressures, contact times, and the resuits are shown on Table II.
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Cat al yst

Crlerr]Q A Jerr]Oderr]

Crlerr]derr]/A[err]derr]

Cr[err]qerr]/AI[err]qerr]

Crlerr]OerrliAllerr]gerr])

(78122 wt %9  (/8/22 Wt U (78122 wt 9% (78122 wt 9%
Pressure (psi.Q) - 50 - ' 200
225 225 HF/ CH err]d[err] nole
ratio WO 9711 4 4 . 4
4 Tenperatir e ({grr19 PCT/Y994/14734
275 275 T7T 275 Cont act Tine
(sec) I _ 36 . - 40
26 Conversion (% CHerr]d[err]) 71
70 70 . 61 Sel ectivity:
HFC- 32 82 Table ™ o, 81
77 I-aCFC- 31 Example 3 Exariifle 4 Example $ Examplk8 -
19 23 % "El Qo Qe
0.05 Caalygt' 5 | CriOYALO, | TrOJALGy (5 CrOJ/ALO, | CrQuilDet il vity
(I'bs/hr/ftferr]): 1 O¥R®Bp | (7822wt %) (182w %) 13 (1822wt %)
12 - Pressure (psig) 50 200 19 228 225
Exanpl e 7 - l W RS- | W1rged
with 4 liters of mf)CH’C'éHPE)rn um oxi de fat al yst . was dried
under 20 sl pm ni trogemuflow at . a4’ ténperature &f 350 C for 8 hour s.
After reducing the st et temperfturetU 156 E——antryereys HF.
was added to ‘the flki(‘)evv'ﬂl drﬁltrogen at aﬁflow rate jof O. | bs/ h
The HF flow rate jwas thduaIIy | 2aSr easgd t@74. 0 I/ hr zZl’nd t e temserat Jre
i ncreased to 350 € for——tourg—Ttrecat ttgmperattre—yas
then 10 decrecsecg to %0 C and chlofine introduced to thd HF/ N err]
‘mxture at a ratg of Gvli) llsccrm] for ¥ perijod of4024 hdurs. 26
Conversion (%
CH.CL.) 71 70 70 61
Selectivity:
HFC-32 82 N 81 7
HCFC-31 18 19 19 23
HCC-40 0.05 005 0.05 0.05
Productivity
(los/he/R%y.
HFC-32 12 12 12 1s
Example 7

A 4inch dlameter Monel 400 reactor was charged with 4 liters of
chromium oxide catalyst. The catalyst was dried under 20 slpm nitrogen flow at a
temperature of 350° C for 8 hours. After reducing the catalyst bed temperature to.
250° C, anhydrous HF was added to the flowing pitrogen at a flow rate 0of 0.2
ibs/hr. The HF flow rate was gradually incre;$ed to 1.0 Io/hr and the temperature
i-n'creased'to 350° C and held for 4 hours. The catalyst bed temperature was then
decreased to 250° C and chlorine introduced to the HF/N, mlxmre at a rate of 500
sccm for a period of 24 hours.

10
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"WD 97/11043 - -10-

PCT/ US96/ 14734 “After this pretreat ment procedure t he
-chlorine and nitrogen flows were di sconti nued and HCC-30 was m xed

wi th HF and passed though a preheater at 185[err] C. The vaporized
HCC- 30 and HF mixture was fed to the reactor at a 5 pressure of 45 psig.
the effluent MWoswiibsd r eact or was quenched using a heat W r and
fed into a distillation colum maintained w- 50 psig. The Iow gﬁ
distillation conponents, HCFG-3 1, HF, and HCC- 30 were recycl ed back to mx
with fresh HF and HCC- 30 feed stream and were fed to the preheater, and the
reactor at a flowrate of 4.6 Ibs/hr. The recycle stream contai ned a nol ar
ratio of 10 HF: HCFC- 31 of 360:1. The recycle rraterial vvas m xed with

addi tional HF and r.ate | bs/ hr
respectively, before Fﬁg“ gegggfgne;{,&yced the c&‘@"&‘aﬁ I'Vé‘fs’"ﬂﬂ‘es ey ting
contact tine vvasdliébmewmhdﬂmo hmr\tntted vith IF and passedthieQgiepreheaipar ated in

the distillation a 32 wer e passed t hrough a '
caustic scrubber lgﬁrﬁgﬁ‘ﬁ @36 Qand HF pristuts peas fed o thereactoraat a5 puri fied
HFC- 32 was dr§ edprigré ot 4s Qheaﬁi&nfﬁﬂltﬂdr’@&tm qr}, 90
%wth 90 %selectrvrt e‘ﬁhle:C% and9%se|ect|vr:i@ to ETE@C 20

25 exchanger and fed into a distillation column maintained at 50 psig. The low bonhng
distillation components, HCFC-31, HF, and HCC-30 were recycled back to mix
with fresh HF and HCC-30 feed stream and were fed to the preheater, and the
reactor at a flow rate of 4.6 Ibs/hr. The recycle stream contained a molar ratic of

10 HF : HCFC-310f360 :1. The recycle material was mixed with additional HF and
| HCC-30 at flow rates of 0.5 and 1.0 Ibs/hr, respectively, before being passed over
the catalyst. The resulting contact time was 12 seconds. The low Boiling
components separated in the distillation column, HCl and HFC-32, were passed
through a caustic scrubber comammg 10 % KOH where HC! was removed. The
15 punﬁed HFC-32 was dried and collected. The resuiting HCC-30 conversion was
90 % with 90 % selecnvnty to HFC-32 and 9 % selectivity to HCFC-31.

20
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Wrat—Tschrarmed 15 T A Pprocess tor producr ng uor omet
conprising the steps of ' (A) preheating a conposition
conprising hydrogen fluoride and 5 di chl oronet hane to form a. vapori zed
and super heat ed conposition; : (B) reacting the preheat eg
conposition of W t’ygp"PA) in the presence of a f1 uori nat FER ISV ¢

under conditions suitable to forma product stream conprising

di f1 uor onet hane, chl orof | uor onet hane, hydrdden chl oride, -di chl or omet hane
and hydr ogen fluoride; 10 (C recovering by distillation from
t he product stredWhatfis elsimed {sB) a hi gh boiling fraction conprising

hydr ogen fluoride, dichloronethane, and chl or of | uor onet hane and a | ow
boiling fraction conprising difluoromnethane, hydr ogen chl ori de,
hygrogen f: :Jori del. Snﬁpmﬁmﬁr@p?gdmbﬁmm:t:)omplnsmgthestepfsbﬁ) recov;ari ng
substanti a ypure [ thane fromthe |Low bqilin raction o

step (0. (A AT B £ GuPaNboD COmRRSPE MErEh Dol o
flueride and g C%&ﬁ&aﬁ&mﬁﬁ%fomavaﬁaﬂuaraﬁ&ﬁmemcaﬂib@nwI0 of from
about 1:1 to about 10: The process of claim 1 wherein the
conposi tion of step (A&)temtms@hepmheated@mwtmyfmpbﬁbhlthmmwme.

chl or o | wor ot naptenapioR SRy iber ol HiSes sliio R EEMyce i) Esmililing of

| east 25  about &m&o:hahm chiveofluoedmeshanddiogen chioride, dibhlorometHage iﬂd)CGSS of

claims 1 or 3 wh i n t drogen fluoride and the
chl or of | uor onet h ’°§F‘é ent in the product streamin a nole ratlo of at
| east gpout  50: 1(ch) PecBlrering dy istillitish fréftithé product stream of step (B) ah:gh

boiling fraction comprising hydrogen fluoride, d:chloromethane and
chlorofluoromethane and a low boiling fraction comprising difluoromethane,
hydrogen chloride, hydrogen fluoride, and reaction byproducts; and
(D) recovering substantially pure difluoromethane from the low bo:lmg
15 ﬁ'actlon of step (C).

2. The procesé of claim 1 wherein the hydrogen fluoride and dichioromethane
are present in a mole ratio of from about 1:1 to about 10:1.

20 3. The process of claim 1 wherein the composition of step (A) further
comprises chiorofluoromethane.
4 The process of claims 1 or 3 wherein the hydrogen fluoride and the
- chlorofluoromethane are present in the product stream in a mole ratio of at least
25  about 25:1 to at least about 300:1. |

5. | The pi'ocess of claims 1 or 3 wherein the hydfogen fluoride and the
chlorpﬂuoroinethane are present in the product stream in a mole ratio of at least
about 50:1 to at least about 200:1. ' | . |



‘w0 ori0a | L

. 6. The process of clains | or 3 wherein t he hydrogen fI*uofi d& ahd the
chl or of | uoronet hane are present in the product streamin a nole ratio of at
| east about 75:1 to at |east about 150:1. 5 7. The process
of claims 1 wpghehjbaes he fluorination catalyst is a pretreat qq:‘r/usw 4734
fluorination catal yst . 8. The process of clains for erein
the fluorination catalyst is chromum 10_q,0xide. 9. The
process of claim1 wherein the high boili ng Fraction of step (O is :
recycled to step (A). 15 10. The process of claiml wherein step (D)
further conprises the substeps of - (E) treating the | ow

boi ling m xture gf step seesg&cgn?mrﬂmu ot f¥logen fuoride YY) O an

aqueous HC1 absorptlon t'ower conditions s e to renove HC
‘and trace HF to ¢hionoflaorometlianeidFecprésenpinghieiproduct stream in a mole ratipfof at leasht i ng t he

crude HFC- 32 prioduc (£) with a first 20 caustic scrubber
under conditions §H ?gagt‘gm%”{%?’meg éutralized product; (9
treati-ng the sneutralized product of step (F) in a second caustic

scrubber under condltlons sU|t eto for supstantially chl ori ne- free
product ; 7. Theprogesg é@%bww yoringtion qatalysts apreteeatedce
product of step (arindiéd\catalyst sul furic acid scrubber and subsequently
with a solid desiccant to form a 25 substantially noisture-free product;
and (I') distilling the substantially noisture-free product

of step (H) undeg  ppe prSQRFLEMRAS1GHY HREME e tuBHRMIS Syt Qb ¥ PUT®

di f | uor onet hane.
10 oxide.

9, The process of claim 1 wherein the high boiling fraction of st'ep (C)is
recycled to step (A).

15 10. The process”of claim 1 wherein step (D) further comprises the substeps of’
(E) treating the low boiling mixture of step (C) in an HC] distillation
~_column or an aqueous HCI absorption tower under conditions suitable to remove
HCl and trace HF to form a crude HFC-32 product,
(F) treating the crude HFC-32 product formed in step (E) with a first
20 | caustic scrubber under conditions suitable to form a neutralized product;
(G) treating the neutralized product of step (F) in a second caustic
scrubber under conditions suitable to form a substantially chlorine-free product;
(H) treating the substantially chl_orineffree product of step (G) with a
sulfuric acid scrubber and subsequently with a solid desiccant to form a
25  substantially moisture-free product; and |
(I) distilling the substantially moisture-free product of step (H) under

conditions suitable to produce substantially pure difluoromethane.



