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1 PROCESS FOR PRODUCI NG HEXAFLUOROETHANE FI ELD OF THE: I-NVENTI ON The present
I nvention relates to a process for producing hexaf | uor oet hane by reacting a
hydr of | uor ocar bon containing two carbon atons in the nolecule with fluorine
gas at an elevated tenperature in a vapor phase in the presence of a

di  uent gas. BACKGROUND COF THE | NVENTI ON Hexaf | uor oet hane (‘herei nafter
abbrevi ated as "FC- 116" or "CF3CF3") is used, for exanple, for the dry

g oh P onecFhOtes 1SR EESBACInE obREROSHERAGC! 110
FIELD OF THE INVENTION

The present invention relates to a process for
producing hexafluoroeﬁhane by reacting a hydrofluorocarbon
containing two carboﬁ atoms in the molecule with fluorine gas
at an elevated temperature in a vapor phase in the presence
of a diluent gas.

BACKGROUND OF THE INVENTION

Hexafluoroethane (hereinafter abbreviated as "FC-116"
or "CF;CF3") is used, for example, for the dry etching of
semiconductors.

With respect to the broduction of FC-116, various
methods have hithexrto been proposed. Examples of known such
methods include (1) an electrolytic fluorination method using
ethane and/or ethylene as a starting material; (2) a
pyrolytic method in which tetrafluoroethylene or another
starting material is pyrolyzed; (3) a method comprising
fluorinating acetylene, ethylene, and/or ethane, etc. with a
metal fluoride; (4) a method comprising fluorinating
dichlorotetrafluoroethane, chloropentafluoroethane, or the
like with hydrogen fluoride; and (5) a direct fluorination

method in which ethane or the like is reacted with fluorine

gas.
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met hods include (1) an:.electrolytic fluorination nmethed: using ethane and/ or
ethylene as a starting material; (2) a pyrolytic nethod in which

tetrafl uoroet hyl ene or another starting material is pyrolyzed; (3) a method
conprising fluorinating acetyl ene, ethylene, and/or ethane, etc. with a

metal fluoride; (4) a method conprising fluorinating
di chl orot etrafl uoroet hane, chl oropentafl uoroethane, or the like with
hydr ogen fl uori dg; i.on et hod i.n which ethane or

the like is reac ee&:%v%ﬁ fﬁbl %(?%: r?g%sagj_'%%rdv%g{ﬁﬁﬁ??ﬁi HhoRet grany side
di sadvantaaeaugdd) dddlr THY tHed® are problems concerning the
separation and purification of the reaction product.

Method (2) not only necessitates a high reaction
temperature, but results in a low yield. Method (3) has
problems concerning regeneration with fluorine gas yielded
from the metal fluoride, the consumption of fluorine, etc.,
although the control of the heat of reaction is improved. 1In
method (4), where hydrogen fluoride is used, the reaction
yields a large amount of hydrochloric acid as a by-product
and necessitates a high temperature, and that the yield is
low.

Known examples of tﬁe reaction in method (5) include
(a) a method in which fluorine gas is reacted with ethane
(C,H;) by means of a jet reactoxr to obtain tetrafluoromethane

and C,Fs, and in which nitrogen is used as a diluent gas {(J.

Amer. Chem. Soc., 77, 3307 (1955), J. Amer. Chem. Soc., 82,

5827 (1960)); (b) a method in which C-H is fluorinated with
fluorine gas by means of a reactor having a porous alumina
pipe (EP-31,518 (1981)); and (c¢) a method in which a linear
hydrocarbon is fluorinated with fluorine gas in the presence
of a diluent gas by means of a reactor having a porous metal
pipe (double-pipe reactor), the diluent gas being SFy, CF,,
C,Fs, or C3;Fy (EP-32,210 (1981)).

Other known examples of the reaction using fluorine

gas include (e) a method in which fluorine gas is reacted
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reactions occur and there are probl ens ‘concerning the separation and
“purification of the reaction product. Method (2) not only necessitates a
hi gh reaction tenperature, but results in a lowyield. Method (3) has
probl ens concerning regeneration with fluorine gas yielded fromthe netal
fluoride, the consunption of fluorine, etc., although the control of the
heat of reaction is inproved. In nethod (4), where hydrogen fluoride is

by~ pr oduct-ERanBRLLERE ARc 8= a SR GROFBBt: BYHFRCoZRE™ R & RESAIANY s | ow
Fluori ne. ReSEiReead nbeRsbnPhohinE bepdnte o Riry Ry ek e (el "
reactor t?a?@ﬂ@i§,&6&Eabbu?i9535??n§nd a method in which a fluorinated
alkene is produced from an alkene and carbon onto which
fluorine gas has been adsorbed (JP-A-2-207052). (The term
"JP~A" as used herein means an "unexamined published Japanese
patent application.")
The direct fluorination method using fluorine gas as
described above has drawbacks that since fluorine gas, which
is éxtremely reactive, is used, there is a danger of
explosion of the organic compound as a substrate and fluorine
gas and there is a danger of corrosion, etc. In addition,
there are a fear of side reﬁctions including the cleavage and
polymerization of C-C bonds due to heat generation and a
danger of an abrupt reaction or explosion due to the
formation and deposition of carbon, etc. For example, in the
case of synthesizing a perfluoro compound from a linear
hydrocarbon and fluorine gas by the direct fluorination
method, the reaction is accompanied by an exceedingly large

guantity of heat as shown in schemes (1) and (2).

C2H6 + 6F2 - C2F5 + GHF (l)

(AH = -690 kcal/mol)

CH, + 4F, ~ CF, + 4HF (2)
(AH = -479 kcal/mol)
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and C2F6, and in which nitrogen is used as a diluent gas.(J. Aner. Chem
Soc., 77, 3307 (1955), J. Amer. Chem Soc., 82, 5827 (1960)); (b) a nethod
in which GHis fluorinated with fluorine gas by means of a reactor having
a porous alum na pipe (EP-31,519 (1981)); and (c) a nmethod in which a

| i near hydrocarbon is fluorinated with fluorine gas in the presence of a
di luent gas by neans of a reactor having a porous netal pipe (double- pipe

(Ep-32, 210 (1081)) Tha emaksin %53%%@ soqﬂ%élf ﬁé[ BridBaPhGEFhRbR A gas
i ncl ude (eh thOdlégr fﬂaTJ f Jl, ee s é%ﬁg of fluorine per mol
of ethane, while the reaction shown by scheme (2), in which
methane is used as a starting material, needs 4 mol of
fluorine gas per mol of methane.

Thus, the quantity of heat of reaction is
proportional to the number of moles of fluorine; the larger
the fluorine amount, the larger the quantity of heat of
reaction. The increased heat of reaction tends to cause the
cleavage of C-C bonds, explpsion, etc., and results in a
reduced yield, thus posing problems concerning iqdustrial
production and operation. Conventional techniques used for
inhibiting the abrupt gener&tion of heat of reaction in the
direct fluorination method include: to dilute fluorine with
an inert gas (e.g., nitrogen or helium); to dissolve the
organic compound as a substrate beforehand into a solvent
inert to fluorine to prepare a low-concentration solution;
and to conduct the reaction in a low-temperature region. For
the reaction conducted in a wvapor phgse, an apparatus such
as, e.g., a jet reactor has been proposed so that fluorine
comes into contact with the organic compound as a substrate
little by little.

SUﬁﬁARY OF THE INVENTION

The present invention has been achieved in order to

eliminate the problems described above and to accomplish the

subject described above. Accordingly, an object of the
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3 mnth a saturated or upsaturated hydrocarbon or a partlally fl uori nated
"hydr ocar bon to produce a hydrof| uorocarbon (U.S. Patent’ ‘5, 406, 008 (1995));
and a nmethod in which a fluorinated al kene is produced froman al kene and
carbon onto which fluorine gas has been adsorbed (JP-A-2-207052). (The term
"JP-A" as used herei n nmeans an "unexam ned published Japanese patent
application.”) The direct fluorination method using fluorine gas as

descri bed above has drawbacks that sin ' ' s extremely

g fluorine gag, whi, ¢ g
reactive, RRE§RAY, l’W‘F‘éTfe“?% is @O %@m&?‘aﬂs Y hehif aﬁpeléénﬁéﬂnd

it on. ) rate PO L 40RO AR Fo oA hafh P FRE Ao

fluorination method using an organic compound as a substrate
and fluorine gas.

Other objects and effects of the present invention
will be apparent from the following description.

The present invention provides a process for
producing hexafluoroethane which comprises reacting a
hydrofluorocarbon (HFC) containing two carbon atoms in the
molecule with fluoxrine gas at an elevated temperature in a
vapor phase in the presence of a diluent gas.

DETAILED DESCRIPTION OF THE INVENTION -

The diluent gas preferably comprises at least one of
tetrafluoromethane, hexafluoroethane, octafluoropropane, and
hydrogen fluoride, and is preferably rich in hydrogen
fluoride (the hydrogen fluoride content thereof being
preferably 50% or higher based on the total amount of the
diluent gas}).

The organic compound used as a substrate is a
hydrofluorocarbon (HFC)} containing two carbon atoms in the
molecule, and is a compound containing three or more fluorine
atoms in the molecule. The substrate is preferably
1,1,1,2-tetrafluoroethane (CF;CH,F},
1,1,2,2-tetrafluoroethane (CHF,CHF;), and/oxr
pentafluorocethane, and is preferably

1,1,1,2-tetrafluoroethane.
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pol ynmeri zati on of C C pends due to heat generation and.a danger of an
“abrupt reaction or explosion due to the formation and “deposition of carbon,
etc. For exanple, in the case of synthesizing a perfluoro conpound from a

| i near hydrocarbon and fluorine gas by the direct fluorination method, the
reaction is acconpani ed by an exceedingly |large quantity of heat as shown
in schenes (1) and (2). Cerr]Herr] + 6F[err] - dderr]Ferr] + 6HF

1 err]H = -69 kcal/ |) CHerr] + 4F e - CFerr] + 4HF
Ezg E%err%H = -47 U % hL reacLlon, the anceLtration of

the hydrofluorocarbon contalnlng two carbon atoms in the
molecule as measured at the reactor inlet is preferably
regulated to 6 mol% or lower. In the case of
1,1,1,2-tetrafluoroethane, the concentration thereof as
measured at the reactor inlet is preferably regulatéd to 4
nol% or lower.

The reaction is conducted at an elevated temperature,
which is preferably in the range of from 250 to 500°C. The
reaction is preferably performed at a pressure of from 0 to
3 MPa.

The process for producing FC-116 according to the
present invention is explaiﬁed below in detail.

The organic compound used as a starting material in
the present invention, which is a hydrofluorocarxbon
containing two carbon atoms in the molecule, is represented

by formula (3).
CALFy (3)

In formula (3), x is an integer of 1<x<5 and y is an
integer of 1sy<5, provided that x+y=6. Examples of this
compound are fluoroethane (C,H;F), 1,2-difluoroethane
(CH,FCH,F), 1,1-difluoroethane (CHF,CH;),
1,1,1-trifluoroethane (CF,;CH;), l,l,z-trifluoroe;hane

(CHF,CH,F), 1,1,1,2-tetrafluoroethane (CF;CH,F),
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.4 The reaction shown Bb¥:-schenme (1), in which ethane ig-used as a starting
material, needs 6 nol of fluorine per nol of ethane, while the reaction
shown by schene (2), in which nethane is used as a starting naterial, needs
4 mol of fluorine gas per nol of nethane. Thus, the quantity of heat of
reaction is proportional to the nunber of noles of fluorine; the larger the
fluorine anmount, the larger the quantity of heat of reaction. The increased

h f t h | f CCb i on, .
heat, of 90 R S SRR SIS OLa SheRtT SRl RRken, o1
P U QERBESPET ol CEINENNY LA T 4 SHLOLLADLOALA (1

abrupt g €

or as a mixture of two or more thereof.

As stated hereinabove, the reaction of an organic
compound with fluorine gas is accompanied by an exceedingly
large quantity of heat, and the quantity of heat of reaction
is proportional to the number of moles of fluorine, i.e;, the
larger the fluorine amount, the larger the gquantity of heat
of reaction. Because of this, the smaller the number of H
atoms which should be replaced by F atoms, the easier the
control of the heat of reaction and the smaller the use
amount of fluorine, which is expensive. Consequently,
desirable starting materialé among the aforementioned
hydrofluorocarbons are the compounds containing three or more
fluorine atoms in the molecule. Preferred are the compounds
having four or more fluorine atoms, specifically
1,1,1,2-tetrafluoroethane, 1,1,2,2~-tetrafluoroethane, and/or
pentafluoroethane.'

1,1,1,2-Tetrafluoroethane and pentafluorocethane are
being industrially produced as substitutes for
chlorofluorocarbons (CFC) and hydrochlorofluorocarbons
(HCFC). Both are hence easily available, and commercial
products thereof have a purity as high as 59.9% or higher.

In the case of the production of FC-116 from these compounds
and fluorine gas, the heat of reaction is as shown in schemes

(4) and (5).
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dlrect fluorination method include: to'dilute fluorine.yith an inert gas
(e.g., nitrogen or hellun) to dissolve the organic coffpound as a substrate
bef orehand into a sol vent inert to fluorine to prepare a | ow concentration
solution; and to conduct the reaction in a |lowtenperature region. For the
reaction conducted in a vapor phase, an apparatus such as, e.g., a jet
reactor has been proposed so that fluorine cones into contact with the
organi ¢ conpound as a substrate I|§tle by little. SUMVARY OF THE | NVENTI ON
The present invention haégﬁgéh FatnfByved i fFfofFdertt 88l i ninate the pddl ens

descri bed above and to acconplish the subject_describe Accordingly,
an object of the %BH 259 gca99mol

CF3CHF2 + Fz - CF3CF3 + HF (5)

(AH = -119 kcal/mol)

Thus, the use of 1,1,1,2-tetrafluoroethane or
pentafluoroethane as a starting material has an advantage
that the quantity of heat of reaction.can be as small as
about from 1/3 to 1/6 of those in the proportion of FC-116
from hydrocarbon compounds and fluorine gas.

Upon comparing 1,1,1,2~tetrafluorcethane and
pentafluoroethane, 1,1,1,2-£etrafluoroethane is preferred.
One of the reasons for this is that 1,1,1,2-tetrafluoroethane
is more reactive when used as a starting material. The other
reason, which is important, is concerned with the purity of
currently industrially produced commercial.products of the
two compounds. Specifically, commercial products of
1,1,1,2-tetrafluorcethane have a purity of 99.9% or higher,
and the impurities contained therein are mostly accounted for
by 1,1,2,2-tetrafluoroethane, which is an isomer, and include
almost no chlorine compounds.

In contrast, pentafluoroethane forms an azeotropic
mixture together with chloropentafluoroethane (CF,CClF,)}, so
that pentafluoroethane products which have undergone

distillation and other purification operations contain

- 8 - Sheet Has Been RTlaced
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_present i nvention is t.0 provide a process by which FC:116 can be safely and
efficiently produced at | ow cost by the direct f1uori nati on met hod usi ng an
organi ¢ conpound as a substrate and fluorine gas. Qher objects and effects
of the present invention will be apparent fromthe follow ng description.
The present invention provides a process for produci ng hexafl uoroet hane

whi ch conprises reacting a hydrofluorocarbon (HFCD containing two carbon
atons in,the nDIec%gs with.fluorjne as at an vated te ture in a

vapor pHIEEPTIP ad?eau'ﬂlar é’rﬁmﬁb& 1 EEP I SREReeR THE

lNVENTlQE several thousands of ppm. The presence of this chlorine
compound during the reaction is undesirable in that it yields
chlorine fluoride, chlorine, etc. as by-products.
Consequently, 1,1,1,2~tetrafluorocethane is especially useful.

The reaction of the hydrofluorocarbon described above
with fluorine gas is conducted at an elevated temperature in
the presence of a diluent gas.

Although an inert gas such as nitrogen, helium, ox
argon is generally employed as a diluent gaé, this method is
not always advantageous in cost in view of the necessity of
separation of the inert gas from the objective compound and
purification thereof. 1In a éreferred embodiment of the
present invention, a gas comprising at least one of
tetrafluoromethane (boiling point: -127.9°C),
hexafluoroethane (boiling point: ~-78.5°C), octafluoropropane
(boiling point: -37.7°C), and hydrogen fluoride (boiling
point: 20°C) is used as the diluent gas. These diluent
compounds not only have the effect of inhibiting combustion,
explosion, etc., but also are advantageous in enexgy cost for
separation and purification because they have a higher
boiling point than helium (boiling point: -268.9°C) and other
diluent gases. It is especially preferred to use a diluent
gas rich in hydrogen fluoride {the hydrogen fluoride content
thereof being preferably 50% or higher based on the total
amount of the diluent gés).

as Been Re‘)laced
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The di luent gas preferabply conprises at |east one of tetrafluoronethane,
hexaf | uor oet hane, octafl uoropropane, and hydrogen fluoride, and is
preferably rich in hydrogen fluoride (the hydrogen fluoride content thereof
bei ng preferably 50% or hi gher based on the total anount of the dil uent
gas). The organic conmpound used as a substrate is a hydrofl uorocarbon (HFC)
containing two carbon atons in the nDIecuIe and is a conmpound containing

three or nore fl orlne at t he The substrate is preferably
1,1,1,2-tetrafl or’f)e? CF%%?rf?}ff é?et"iein fzm? t PAf | uor oet hane

(CrFlerr) G of u%sr%%aagﬂwfoma;'m CE B0t FAA LS s e
of FC~-116 and 2 mol of hydrogen fluoride, as shown by scheme
(4). Since the difference in boiling point between the
objective compound, i.e., FC~116, and the by-product, i.e.,
hydrogen fluoride, is about 100°C, a gas rich in hydrogen
fluoride can be obtained by a simple method such as, e.g.,
partial condensation. Use of this gas as a diluent gas is
economical. Alternatively, hydrogen fluoride may be newly
added as a diluent gas. In the direct fluorination method in
which fluorine gas is used, carbon formation, deposition,
etc. occur as a result of, e.g., C-C bond cleavage during the
long-term reaction as stated hereinabove. Although the
carbon formation, deposition, etc. may cause a danger of an
abrupt reaction with fluorine gas or explosion, the use of
hydrogen fluoride as a diluent gas is effective in inhibiting
the formation and deposition of carbon. The term "rich in
hydrogen fluoride" means "containing hydrogen iluoride as a

major component.®

The reaction of a reaction substrate with fluorine
gas is conducted in the presence of a diluent gas. Before
being introduced into a reactor, either or both of the
reaction substrate and fluorine gas are generally diluted
with the diluent gas. From the standpoint of safety, both

the reaction substrate and the fluorine gas are preferably

Re{laced ',
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In carrying out the reaction, the concentration of the.hydrofl uorocarbon
containing two carbon atons in the nolecule as neasuréd at the reactor
inlet is preferably regulated to 6 nol % or lower. In the case of
1,1,1,2-tetrafl uoroet hane, the concentration thereof as neasured at the
reactor inlet is preferably regulated to 4 nol % or |lower. The reaction is
conducted at an eIevated tenperature, which is preferably in the range of

f 250 he. f er.ahl f d at
[rom 25041 £, P81 BLEACnd "5 58RL 82 SnPLCLEAYL RRNPIRS 2t @ pressure

concentration.

Reaction temperature is among the conditions which
should be taken in account in order to efficiently carry out
the reaction of the starting material, i.e., a
hydrofluorocarbon of the kind described above, with fluorine
gas in the presence of a diluent gas such as those described
above. The optimum range of reaction temperature varies
depending on the contact time and the kind of the
hydrofluorocarbon as a starting material. For example, in
the case where the reaction of 1,1,1,2-tetrafluoroethane with
fluorine is conducted using a long contact time (15 seconds}),
the reaction begins at a reéction temperature of about 50°C
and the conversion reaches about 100% at a temperature of
about 250°C. An elevated reaction temperature is used,
preferably in the range of from 250 to 500°C.

Reaction temperatures lower than 250°C are
undesirable in that the conversion of the hydrofluorocarbon
is low. Reaction temperatures exceeding 500°C are not
preferred in, for example, that C-C bond cleavage,
polymerization, etc. occur to result in a reduced yield, and
that there are problems such as reactor corrosion and an
increased energy cost.

Although the contact time is not particularly
limited, it is in the range of, for example, from 0.1 to 120

seconds. In general, however, the contact time is desirably

- Sheset Has Been Reraced
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The process for produgi:ng FC-116 according to the present invention is
expl ai ned bel ow in detail. The organic conpound used as a starting materi al
in the present invention, which is a hydrofluorocarbon containing two
carbon atons in the nolecule, is represented by formula (3).
Cerr]Herr]F[err] (3) In formula (3), x is-an
Integer of 1l[err]x[err]5 and y is an integer of 1l[err]y[err]5, provided

L2 ol I e | ol Erame ) Tion M M grafet) bEnst”

1 ont AT SR (Ot R & 2 et iapdetRane

(CFlerr & "dfdoonomical. 1t is preferred to well mix the reaction
substrate with the fluorine gas.

As stated hereinabove, in the direct fluorination
method in which flﬁorine gas is used, there is the danger
that the organic compound as a substrate (in particular a
compound containing hydrogen) may burn or explode upon
exposure to fluorine, because fluorine is extremely reactive.
In the reaction of the present invention, it is

important that since a hydrofluorocarbon, containing
hydrogen, is used as the organic compound substrate, the
explosion of the hydrofluorécarbon and fluorine should be
prevented. For preventing explosion, the mixed gas should be
regulated so as to have a composition outside the explosion
range therefor. As a result of investigations made by the
present inventors on the explosion ranges for mixtures of
hydrofluorocarbons with fluorine gas, the lower limit of the
explosion range for pentafluoroethane was found to be a
concentration of about & mol%, and that for
1,1,1,2-tetrafluoroethané was found to be a concentration of
about 4%. It is preferred that the concentration of the
hydrofluorocarbons of the present invention as measured at
the reactor inlet be regulated so as to be within the

respective safety ranges therefor.
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1, 1 2,2-tetrafl uoroethane (CHF[err]CHF[err]), and pent af.l uor oet hane
(CF[err]CHF[err]) These starting materials may be used either alone or as
a mxture of two or nore thereof. As stated herei nabove, the reaction of an
organi ¢ conpound with fluorine gas is acconpani ed by an exceedingly |arge
gquantity of heat, and the quantity of heat of reaction is proportional to

t he nunber of noles of fluorine, i.e., the larger the fluorine anmount, the
| ar ger the quant of .heat Because of this, the snmaller the
number of H atongh%h98&a§h5ﬁléob€ &&zmﬁ%?qﬁ} At (e easier the

contr ol ﬂ&d&@%lﬁ%%c%%bo%a%t 't?ﬂ” A O YR L IE dPSegoppt of fluorine,

whi ch i s expensive
preferably from 0.5 to 5.0, more preferably from 1.0 to 3.0.

If the molar proportion of the fluorine gas fed is below 0.5,
the reaction does not proceed efficiently. Molar proportions
thereof exceeding 5.0 are uneconomical in that fluorine gas
is fed in excess and this necessitates, for example, an
apparatus for the recovery thereof.

In carrying out the reaction, the reaction pressure
is also important from the standpoint of preventing dangers
such as explosion. In general, the higher the pressure, the
wider the explosion- range. Consequently, the reaction is
conducted desirably at a loﬁer pressure, preferably in the
range of from 0 to 3 MPa.

The reactor is preferably made of a material having
resistance to corrosive gases. Examples of the material
include nickel, Inconel, and Hastelloy.

The following are Examples of the present invention,
but the invention should not be construed as being limited

thereto.

The starting materials used in the following
reactions are shown below first.
(1,1,1,2-Tetrafluoroethane)

Ecoloace 134a (trade name), which is currently being
supplied as a substitute for CFC-12 (CCl,F,), was used. It

had a purity of 99.9%% or higher, and contained
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desirabl e starting materials anong the aforenentioned::gydrof | uor ocar bons
are the conpounds containing three or nore fluorine atons in the nol ecul e.
Preferred are the conpounds having four or nore fluorine atons,
specifically 1,1,1,2-tetrafluoroethane, 1,1,2,2-tetrafl uoroethane, and/or
pent af | uoroet hane. 1,1, 1, 2-Tetrafl uoroet hane and pentafl uoroet hane are
being industrially produced as substitutes for chl orofluorocarbons (CFQC

ooy ci B11 p AT S R LB HAS & Sy FEORSE, i Bneas S89uSY, GF RPOMST. In-
the heat2PRis, ME FoAhS o bipddfa (LBF d0FSEgaTRRRpAT AT Tl uorine g2,
{Pentafluoroethane)

Ecoloace 125 (trade name), which is currently being
supplied as a substitute for HCFC-22 (CHC1lF,;), was used. It
had a purity of 99.95% or higher, and contained, as
impurities, 1,1,1,2-tetrafluoroethane, 1,1,1l-trifluoroethane,
and chlorine compounds, i.e., chloropentafluoroethane and
l-chloro-1,2,2,2~-tetrafluoroethane.

EXAMPLE 1

An Inconel 600 reactor having an inner diameter of
20.6 mm and a length of 500 mm (electrical heating type; the
reactor had undergone a paséivation treatment with fluorine
gas at 600°C) was heated to 280°C while introducing nitrogen
gas as a diluent gas thereinto at a rate of 30 NL/h.
Subsequently, hydrogen fluoride was introduced thereinto as a
diluent gas at a rate of 50 NL/h. The flow of the diluent
gas was divided into two, to one of which was added
1,1,1,2-tetrafluoroethane as a hydrofluorocarbon at a rate of
1.8 NL/h. Thereafter, fluorine gas was fed by adding the
same to the other of the divided diluent gas flows at a rate
of 3.9 NL/h to conduct a reaction.

The concentratioﬁ of 1,1,1,2-tetrafluorocethane as

neasured at the reactor inlet was 2.1 mol%, and the reaction

temperature was 280°C.
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8 CF[err]CH err]F + 2FLerr] - CFlerr]CF[lerr] + 2HF .3 (4)
“([err]H = -231 kcal/nmol) CF[err]CHF[err] + Flerr] [err]” CFlerr]CFlerr] +
HF (5) ([err]H = -119 kcal/nol) Thus, the use of
1,1,1,2-tetraf |l uoroet hane or pentafl uoroethane as a starting naterial has
an advantage that the quantity of heat of reaction can be as small as about
from1l/3 to 1/6 of those in the proportion of FC- 116 from hydrocarbon

compounds and f1ugeLag gag, UReR.SOMRAL! 09 kel S IR petheng, 3¢

the reaction was treated with‘aqueous potassium hydroxide
solution and aqueous potassium jiodide solution to remove the
hydrogen fluoride and the unreacted fluorine gas. The
residual gas was analyzed for composition by gas
chromatography. As a result, the gas composition (vol%) was

found to be as follows.

CF, 0.56%
C,Fs 84.59%
CF3CHF, 14.45%
CF,CH,F | trace
Others 0.40%

EMLES 2 TO 5
Reaction was carried out under the same conditions as
in Example 1, except that the reaction temperature was
varied. The reaction temperatures used and the results

obtained are shown in Table 1.

Table 1
Example | Reac- Composition (vol%)
tion
tempe-
rature | FC-14 | FC-116 | HFC- [ HFC- Others “
(°c) 125 134a
2 200 0.49 65.16 28.85 5.20 0.3
3 350 0.78 90.52 8.02 - 0.68
4 450 1.28 95.17 2.66 - 0.89
5 550 4.68 92.55 0.89 - 1.88

T



pent af | uoroet hane, 1,1, }.2-tetrafluoroethane is preferred. One of the
‘reasons for this is that '1,1,1,2-tetrafl uoroethane is nbre reactive when
used as a starting material. The other reason, which is inportant, is
concerned with the purity of currently industrially produced conmmerci al
products of the two conpounds. Specifically, comrercial products of
1,1,1,2-tetrafl uoroethane have a purity of 99.9% or higher, and the

i mpurities contained therein are nostly accounted for by

1,1,2,2-tetrafl uoroet hane, which is an isoner, and include al nbst no

O Ly o oo By PEALES!: eBED LSO AN P BrpneseRleen
pent af | uor eRAge BLOUNCES len A BIY i TR St LA On and ot her

purificati

The "Others" in Table 1 consisted mainly of CO,. At
550°C, however, formation of C;Fy; was observed. The results
show that_the yield of the objective compound, FC-116, was
low at low temperatures, while at a high temperature of
550°C, the selectivity for the objective compound was low and
formation of a C; perfluoro compound was observed, which was
yielded by accelerated C-C bond cleavage and polymerization.

EXAMPLES 6 TO 8

Using the same reactor as in Example 1, reaction was
carried out in the same manner as in Example 1, except that
pentafluorocethane as a hydrofluorocarbon and fluorine gas
were fed at rates of 3.6 NL/h and 3.9 NL/h, respectively, and
hydrogen fluoride and nitrogen gas were introduced as diluent
gases at rates of 50 NL/h and 30 NL/h, respectively, and that
the reaction temperature was varied. The reaction
temperatures used and the results obtained are shown in

Table 2.

i i
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9 chloropentafluoroethane I n an anount "of from several.,

hundreds to several

“thousands of ppm The presence of this chlorine conpound during the

reaction is undesirable in that
Consequent |y,

as by-products.
useful .

it yields chlorine fluoride,
1,1,1,2-tetrafl uoroethane is especially

The reaction of the hydrofl uorocarbon described above with fluorine
gas is conducted at an elevated tenperature in the presence of a dil uent

chl ori ne,

gas. Although an inert gas such as nitroge hel ium or argon is generally
enpl oyed as a diluent gas, this netﬁ%ﬂz¥gif
Example | Reac-~ Composition (vol%)
tion
tempe-
(°C) 125 | compounds
6 200 0.21 6.70 | 92.17 0.48 0.44
300 | 0.48 85.21 | 13.07 0.47 0.77
[ 8 400 0.72 98.18 - 0.22 0.88

The *"Others" in Table 2 consisted mostly of CO,, and

the "Cl compounds" consisted mainly of chloropentafluoro-
ethane and l1-chloro-1,2,2,2-tetrafluoroethane.

The results show that although pentafluoroethane was
less reactive with fluorine éas than

1,1,1,2-tetrafluoroethane (in a low-temperature region), it

gave FC-116 in good yield. However, chlorine and chlorine
fluoride were detected in Example 8.
EXAMPLE 9

Using the same reactor as in Example 1, reaction was
carried out in the same manner as in Example 1, except that
1,1,1,2~-tetrafluoroethane as a hydrofluorocarbon and fluorine
gas were fed at rates of 2.2 NL/h and 4.8 NL/h, respectively,
and hydrogen fluoride and tetrafluoromethane were introduced
at rates of 60 NL/h and 20 NL/h, respectively, and that the
The results

reaction temperature was changed to 480°C.

{vol%) obtained are shown below.

is Sheet Has Been Re!placed

T
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not al ways advantageaqus in cost in view of the necessi:ty of separation of
the inert gas fromthe objective conpound and purification thereof. In a
preferred enbodi nent of the present invention, a gas conprising at |east
one of tetrafluoromethane (boiling point: -127.9[err]C), hexafl uoroet hane
(boiling point: -78.5[err]C), octafluoropropane (boiling point:
-37.7[err]C, and hydrogen fluoride (boiling point: 20[err]C) is used as

t he diluent gas. These g'luent conpounds ngg only have the effect of

i nhi biting conbustion, &xplosion, etc., but®liso are advant ageous i n energy

cost for separation and rification-begausg,they have a higher boiling
poi nt than heliunl(boilgﬂg point: . -26853[%??](3 and ot her diluent gases.

It is especially prefer use a dil as rich in hydrogen fluoride
(the hydrogen fluoride égg?gﬁt "fhed

CFiCH,F -
Others 0.78%

The reaction was continucusly performed for 30 days
under the conditions described above, and the gas collected
at the reactor outlet at the 30th day was analyzed for
composition. The results thus obtained were almost the same
as the above. Thereafter, the reaction was terminated, and
the reactor was cooled to room temperature while introducing
nitrogen gas thereinto. The inner surface of the reactor was
then examined with a fiber séope (endoscope). As a result,
no deposit of carbon or another substance was observed.

Accoxrding to the process of the present invention,
FC-116 can be industrially and safely produced in high yield
by reacting a hydrofluorocarbon containing two carbon atoms
in the molecule with fluorine gas in a vapor phase in the

presence of a diluent gas.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changes and
modifications can be made therein without departing from the

spirit and scope thereof.

This Sheet Has Been
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t hereof being preferably 50% or higher based on the totial. anmount of the
“diluent gas). 10 For -exanpl e, the reaction between I“ol of
1,1,1,2-tetrafl uoroethane and 2 nol of fluorine yields.1l mol of FC116 and
2 mol of hydrogen fluoride, as shown by schene (4). Since the dlffi‘al nce in

boi | i ng poi nt between the objective conpound, i. \MH@M u
by- pr oduct, i.e., hydrogen fluoride, is about 100[er

hydrogen fluoride can be obtained by a sinple nethod such as, e g., partial

condensatK§QOPQBQF0FL@EM§ 59& BATENE)I uent gas is

(Claim 1) A process for producing hexafluoroethane
which comprises reacting a hydrofluorocarbon containing two
carbon atoms in the molecule with fluorine gas at an elevated

temperature in a vapor phase in the presence of a diluent

gas.

{(Claim 2) The process as claimed in claim 1, wherein
the diluent gas is a gas comprising at least one of
tetrafluoromethane, hexafluoroethane, octafluoropropane, and
hydrogen fluoride.

(Claim 3) The process as claimed in claim 1, wherein
the diluent gas is rich in hydrogen fluoride.

(Claim 4) The procéss as claimed in claim 1, wherein
the reaction is conducted at a temperature of from 250 to
500°C.

(Claim 5) The process as claimed in claim 1, wherein
the hydrofluorocarbon containing two carbon atoms in the
molecule is a hydrofluorocarbon containing three or more

fluorine atoms.

(Claim 6) The process as claimed in claim 5, wherein
the hydrofluorocarbon containing two carbon atoms in the
molecule is at least one of 1,1,1,2-tetrafluoroethane,
1,1,2,2-tetrafluoroethane, and pentafluoroethane.

(Claim 7) The process as claimed in claim 6, wherein
the hydrofluorocarbon containing two carbon atoms in the

molecule is 1,1,1,2-tetrafluoroethane.

This Sheet Has Been Re{i
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econonm cal. Alternatively, hydrogen fluoride may be new:y. added as a
“diluent gas. In the direct fluorination nethod in which fluorine gas’i's
used, carbon formation, deposition, etc. occur as a re C
bond cl eavage during the long-termreaction as stated imm,mmuﬂm‘"mough
t he carbon formation, deposition, etc. may cause a dangér bf ‘an *abrupt
reaction with fluorine gas or explosion, the use of hydrogen fluoride as a
diluent gas is efafctjve in inhibiting the forpation agg depositjon of
carbon. The term TR &) hyTRORTCFPTDr 22et-Fedfic “TontaiRi he H%&Fﬁdén
fluoride gs a nmjor component " The reaction of _a reaction substrate with
fluorine tg]apfs ‘Téggl‘%:% %cn%dc?rhé‘fﬁge%r éJeﬂ er%?“‘gadﬁ'aen‘r 'gﬁggcgé‘%ﬁP 108 ng
'ntr(““““3¥'ﬂHé’ﬁ&éfﬁ?&&Eroéﬁéﬁ@ﬁ égn£ﬁggige %QS caz—mmn atoms in the

mol% or lower.

[$3}

molecule as measured at the reactor inlet ==
(Claim 9) The process as claimec - zlaim 8, wherein
the concentration of 1,1,1,2-tetrafliucrceti=r=2 as measured at
the reactor inlet is 4 mol% or lower.
(Claim 10) The process as claime< -x claim 1,
wherein the reaction is conducted at 2 reazc-izn pressure of

'from 0 to 3 Mpa.

. \aceﬂ“
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reaction substrate apd fluorine gas are generally dil:uted with the dil uent
gas. Fromthe standpoint of safety, both the reaction substrate and the
fluorine gas are preferably diluted with the diluent gas in a
sufficiently | ow concentration. Reaction tenperature is anong the
conditions which should be taken in account in order to efficiently carry
out the reaction of the starting material, i.e., a hydrofluorocarbon of the

ki nd descri bed above, wi; i sence of a diluent gas
such as those descri bed : oF ﬁibéﬁﬁbﬁﬁﬁ reaction tenperature
varies -

A process for producing hexafluorocethane which
comprises reacting a hydrofluorocarbon containing two carbon
atoms in the molecule with fluorine gas at an elevated
temperature in a vapor phase in the presence of a diluent

gas.

i ,‘
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depending on the contact tine and the kind of the hydrofl uor ochf4ioh S a
starting material. For exanple, in the case where the reaction of
1,1,1,2-tetrafl uoroethane with fluoring is conducted using a | ong contact
time (15 seconds), the reaction begins.at a reaction tenperature of about
50[err] C and the conversion reaches about 100% at a tenperature of about
250[err]C. An elevated reaction tenperature is used, preferably in the

range of from 250 to r | %rﬁ %&ﬂ@é than 250[err] C
are undesirable in tﬁgpekﬁg %gﬁvgsgﬁyﬁﬁé&é ?ﬁa ymlﬁ% ocCarbon is |ow
Reaction tenperatures exceeding 500[err]C are not preferred in, for

exanpl e, that C C bond cl eavage, polynerization, etc. occur to result in a

reduced yield, and that thergrgfp BFORHETNYENPIZN  €act or corrosion and an

The present invention relates to a process for
producing hexafluoroethane by reacting a hydrofluorocarbon
containing two carbon atoms in the molecule with fluorine gas
at an elevated temperature in a vapor phase in the presence
of a diluent gas.

' BACKGROUND OF THE INVENTION

Hexafluoroethane (hereinafter abbreviated as "FC-116"
or "CF,CF,;") is used, for example, for the dry etching of
semiconductors.

With respect to the froduction of FC-116, various
methods have hitherto been proposed. Examples of known such
methods include (1) an electrolytic fluorination method using
ethane and/or ethylene as a starting material; (2) a
pyrolytic method in which tetrafluoroethylene or another
starting material is pyrolyzed; (3) a method comprising
fluorinating acetylene, ethylene, and/or ethané, etc. with a
metal fluoride; (4) a method comprisinéufluorinating
dichlorotgtrafluoroethane, chloropentafluoroethane, or the
like with hydrogen fluoride; and (5) a direct fluorination

method in which ethane or the like is reacted with fluorine

gas. REPLACEMENT SHEETS _ SG
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increased energy cost.:Al though the contact tinme is not.-particularly
limted, it is in the range of, for exanple, from0.1 to 120 seconds. In
general, however, the contact tinme is Eesirably 12 from1l to 30 seconds,
preferably from3 to 30 seconds, since.longer contact tinmes necessitate a

| arger reactor and are hence uneconomcal. It is preferred to well mx the
reaction substrate with the fluorine gas. As stated herei nabove, in the

Canecy 'uorinati A6cREANES) ' Ep8bh hs ' Y 8hkDENTATebls 20! enblohinly® iR
reactions occur and there aré;problems concerning the
separation and purification of the reaction product.

Method (2) not only necessitates a high reaction
temperature, but results in a low yield. Method (3) has
problems concerning regeneration with fluorine gas yielded
from the metal fluoride, the consumption of fluorine, etc.,
although the control of the heat of reaction is improved. In
method (4), where hydrogen fluoride is used, the reaction
yvields a large amount of hydrochloric acid as a by-product
and necessitates a high temperature, and that the yield is
low.

Known examples of tﬁe reaction in method (5) include
(a) a method in which fluorine gas is reacted with ethane
(C.Hs) by means of a jet reactor to obtain tetrafluoromethane

and C,Fs, and in which nitrogen is used as a diluent gas (J.

Amer. Chem. Soc., 77, 3307 (1955}, J. Amer. Chem. Soc., 82,

5827 (1960)); () a method in which C-H is fluorinated with
fluorine gas by means of a reactbr having a porous alumina
pipe (EP-31,519 (1981)); and (c) a method in which a linear
hydrocarbon is fluorinated with fluorine gas in the presence
of a diluent gas by means of a reactor having a porous metal
pipe (double-pipe reactor), the diluent gas being SFy, CF;,
C,F¢, or CsFs (EP-32,210 (1981)).
Other known examples of the reaction using fluorine

gas include (e) a method in which fluorine gas is reacted




. ——

that the organic conmpound as a substrate (in particul ar:-a conpound
cont ai ni ng hydrogen) may burn or expl ode upon exposure to fluorine, because
fluorine is extremely reactive. In thegreaction of the present invention,

it is inportant that since a hydrofluorocarbon, containing hydrogen, is
used as the organic conpound substrate, the explosion of the
hydrofluorocarbon and fluorine should be prevented For preventing

| osi d houl d h
out i de PEPoRRBEER Saha CHAAITEAL I BY TR0 T RIGRTDRE mmde by
h I
hydr of | uar SOSRaed R t%%rhﬁ%‘é’ %, %ﬂ'ﬁ’?%sﬂ i non (85 on

range fopapeptal 'wsoeto%aqqm% ;0488 o Rt O SR T Rl PRkl

nmol % t hat
alkene is produced from an alkene and carbon onto which

fluorine gas has been adsorbed (JP-A-2-207052). (The term
*JP-A" as used herein means an "unexamined published Japanese
patent application.")

The direct fluorination method using fluorine gas as
described above has drawbacks that since fluorine gas, which
is extremely feactive, is used, there is a danger of
explosion of the organic compound as a substrate_and fluorine
gas and there is a danger of corrosion, etc. In addition,
there are a fear of side reections.including the cleavage and
polymerization of C-C bonds due to heat generation and a
danger of an abrupt reaction or explosion due to the
formation and deposition of carbon, etc. For example, in the
case of synthesizing a perfluoro compound from a linear
hydrocarbon and fluorine gas by the direct fluorination
method, the reaction is accompanied by an exceedingly large

quantity of heat as shown in schemes (1) and (2).

Csz + SFz - Cst + 6HF ] (1)
(AH = -690 kcal/mol)

CH, + 4F, -~ CF, + 4HF - (2)

[ REPLAGEMENT SHEET (AH = -479 keal/mol)
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1

1,1,1, 2-tetrafl uoroethane was found to be a concentrati,on of about 4% It
is preferred that the concentration of the hydrofl uorocarbons of the
present invention as nmeasured at the regctor inlet be regulated so as to be
within the respective safety ranges ther.efor. 13 The nolar ratio of the
fluorine gas to the hydrofl uorocarbon both fed to the reaction systemis
preferably from0.5 to 5.0, nore preferably from1.0 to 3.0. If the nolar

proportion of the fluorine gas fed is belqQqw 0.5, the reaction does not
proceed efficient e MH2GE WoRy scheme (1), in which ethane is

used as a starting material, needs 6 mol of fluorine per mol
of ethane, while the reaction shown by scheme (2), in which
methane is used as a starting material, needs 4 mol of
fluorine gas per mol of methane.

Thus, the quantity of heat of reaction is
proportional to the number of moles of fluorine; the larger
the fluorine amount, the larger the quantity of heat of
reaction. The increased heat of reaction tends to cause the
cleavage of C-C bonds, explpsion, etc., and results in a
reduced yield, thus posing problems concerning ipdustrial
production and operation. Conventional technigues used for
inhibiting the abrupt generétion of heat of reaction in the
direct fluorination method include: to dilute fluorine with
an inert gas (e.g., nitrogen or helium); to dissolve the
organic compound as a substrate beforehand into a solvent
inert to fluorine to prepare a low-concentration solution;
and to conduct the reaction in a low-temperature region. For
the reaction conducted in a vapor phase, an apparatus such
as, e.g., a jet reactor has been proposed so that fluorine.
comes into contact with the oxrganic compound as a substrate
little by little. |

SU@ARY OF _THE INVENTION

The present invention has been achieved in oxder to

eliminate the problems described above aﬁd to accomplish the

subject described above. Accordingly, an cobject of the

REPLACEMENT SHEET
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t her eof exceeding 5.0 &ke uneconomcal in that fluorinesgas is fed in
excess and this necessitates, for exanple, an apparatus for the recovery
thereof. In carrying out the reaction, &£he reaction pressure is also

i mportant fromthe standpoint of preventing dangers such as explosion. In
general , the higher the pressure, the w der the expl osion range.
Consequently, the reaction IS conducted desirably at a | ower pressure,

vk et A0 S A e R b
(r)r?t ?L;alpr%%glnt [ nyeﬁﬁgoﬁf&%%?%{?lf%ent I on sﬁy)ujl }pnot%e&\nons rue Eégrrpl °
bei ng i meh@@drination method using an organic compound as a substrate

and fluorine gas.

Other objects and effects of the present invention
will be apparent from the following description.

The present invention provides a process for
producing hexafluoroethane which comprises reacting a
hydrofluorocarbon (HFC) containing two carbon atoms in the
molecule with fluorine gas at an elevated temperature in a
vapor phase in the presence of a diluent gas.

DETAILED DESCRIPTION OF THE INVENTION

The diluent gas preferably comprises at least one of
tetrafluoromethane, hexafluoroethane, octafluoropropane, and
hydrogen fluoride, and is preferably rich in hydrogen
fluoride (the hydrogen fluoride content thereof being
preferably 50% or higher based on the total amount of the
diluent gas).

The organic compound used as a substrate is a
‘hydrofluorocarbon (HFC) containing two carbon atoms in the
molecule, and is a compound containing three or more fluorine
atoms in the molecule. The substrate is preferably
1,1,1,2-tetrafluoroethane (CF,CH,F),
1,1,2,2-tetrafluoroéthane (CHF,CHF,), and/or

pentafluorocethane, and is preferably

aemcmamsazﬂ

1,1,1,2-tetrafluoroethane.




thereto. The starting-Baterials used in the follow ng:reactions are shown
below first. (1,1,1, 2-Tetrafluoroethane) Ecol oace 134a (trade nane), which
is currently being supplied as a substgtute for CFG-12 (CO [err]Flerr]),
was used. It had a purity of 99.99% or ~-hi gher, and cont ai ned 14
1,1,2,2-tetrafl uoroethane, an isoner, in an anount of about 20 ppm No

chl orine conpound was detected therein. (Pentafluoroethane)

In carrying out the reaction, the concentration of

the hydrofluorocarbon containing two carbon atoms in the
molecule as measured at the reactor inlet is preferably -
regulated to 6 mol% or lower. In the case of
1,1,1,2-tetrafluoroethane, the concentration thereof as
measured at the reactor inlet is preferably regulatéd to 4
mol% or lower.

The reaction is conducted at an elevated temperature,
which is preferably in the range of from 250 to 500°C. The
reaction is preferably performed a£ a pressure of from 0 to
3 MPa.

The process for producing FC-116 according to the
present invention is expiaiﬁed below in detail.

The organic compound used as a starting matexrial in
the present invention, whigh is a hydrofluorocarbon
containing two carbon atoms in the molecule, is represented

by formula (3).
CoHFy (3)

In formula (3), x is an integer of 1=<x<5 and y is an
integer of 1<y<5, provided that x+y=6. Examples of this
compound are fluoroethane (C;HsF), 1,2-difluoroethane
(CH,FCH,F), 1,1-difluorocethane (CHF,CH,),
1,1,1-trifluorocethane (CF;CH;), 1,1,2-trifluoroethane

(CHF,CH,;F), 1,1,1,2~tetrafluoroethane (CF;CH,F},
REPLACERENT X7




Ecol oace 125 (trade nat), which is currently being sdpplied as a
substitute for HCFC-22 (CHCO F[err]), was used. It had a purity of 99.95% or
hi gher, and contained, as inpurities, % 1,1,2-tetrafl uoroethane,

1,1, 1-trifluoroethane, and chlorine compounds, i.e.,
chl oropent af | uor oet hane and 1-chloro-1, 2, 2, 2-tetrafl uoroet hane. EXAVPLE 1
An Inconel 600 reactor having an inner diameter of 20.6 nmand a I ength of

: ?ga{”ﬁ‘e(n?i%%% & ?%%’?5?%%1‘8225%‘*%%%h§$éf%“‘%2gh%%%t‘@%ﬁrt%'}@&?err 2 e’
[ L/
Subsequert 15 gAY aoBRerT Laranst o ohe t0PEal SOREYTLE Bkell bthed] mlial 0
Ao 1ol Gladh Mot durof |l W WbSrdl 4hiRbot

As stated hereinabove, the reaction of an organic

compound with fluorine gas is accompanied by an exceedingly
large quantity of heat, and the quantity of heat of reaction
is proportional to the number of moles of fluorine, i.e:, the
larger the fluorine amount, the larger the gquantity of heat
of reaction. Because of this, the smaller the number of H
atoms which should be replaced by F atoms, the easier the
control of the heat of reaction and the smaller the use
amount of fluorine, which is expensive. Consequently,
desirable starting material§ among the aforementioned
hydrofluorocarbons are the compounds containing three or more
fluorine atoms in the molecule. Preferred are the compounds
having four or more fluorine atoms, specifically
1,1,1,2-tetrafluoroethane, 1,1,2,2-tetrafluoroethane, and/ox
pentafluoroethane.

1,1,1,2-Tetrafluoroethane and pentafluoroethane are
being indqstrially produced as substitutes for
chlorofluorocarbons (CFC) and hydrochlorofluorocarbons
(HCFC). Both are hence easily available, and commercial
products thereof have a purity as high as 99.9% or higher.
In the case of the production of FC-~116 from these compounds

and fluorine gas, the heat of reaction is as shown in schemes

(4) and (5).




gas was divided into two,-to one of which was added S

1,1,1, 2-tetrafl uoroet hane as a hydr of | uor ocarbon at a rate of 1.8 NL/h.
Thereafter, fluorine gas was fed by addighg the same to the other of the

di vi ded di | uent gas flows at a rate of 9 NL/h to conduct a reaction. The
concentration of 1,1,1,2-tetrafl uoroethane as neasured at the reactor inlet

was 2.1 nol % and the reaction tenperature mas 280[err] C 15 Three hours
after, the gaseous m xture ulting fromth act on was treated wit
aqueous pot assi um hydr oxi oce‘;%%{? ng - CF3CF3 5 ‘P

(AH = -231 kcal/mol)

CFsCHF, + F, - CF,CF; + HF (5)

(AH = -119 kcal/mol)

Thus, the use of 1,1,1,2-tetrafluoroethane or
pentafluoroethane as a starting material has an advantage
that the quantity of heat of reaction can be as small as
about from 1/3 to 1/6 of those in the proportion of FC-116
from hydrocarbon compounds and fluorine gas.

Upon comparing 1,1,1,2-tetrafluorocethane and
pentafluoroethane, 1,1,l,2—£etrafluoroethane is preferred.
One of the reasons for this is that 1,1,1,2-tetrafluoroethane
is more reactive when used as a starting material. The other
reason, which is important, is concerned with the purity of
currently industrially produced commercial products of the
two compounds. Specifically, commercial products of
1,1,1,2-tetraflu§roethane have a purity of 99.9% or higher,
and the impurities contained therein are mostly accounted for
by 1,1,2,2-tetrafluoroethane, which is an isomer, and include
almost no chlorine compounds.

In contrast, pentafluoroethane forms an azeotropic
mixture together with chloropentafluoroethane (CF;CClF;), so
that pentafluoroethane products which have undergone

distillation and other purification operations contain

REPLACEMENT SHEET
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.sol ution and aqueous potassi umiodi de solution to remve the hydrogen
fluoride and the unreacted fluorine gas. The residual gas was anal yzed for
conposition by gas chronatography. As g result, the gas conposition (vol %
was found to be as follows. CF4 - 0. 56% C2F6 84.59%
CFlerr] CHF[ err] 14. 45% CF3CH2F trace O hers

0.40% EXAMPLES 2 TO 5 Reaction was carried out under the sane conditions as

in EXa”pbﬁléro‘éégﬁg%]éﬁtgﬁéeiﬂﬁn 36! hANahBIRE Bl ot S U nulfificdg@ct | on

tenperatures u results .
to several thousands of ppm. The presence of this chlorine

compound during the reaction is undesirable in that it yields
chlorine flﬁoride, chlorine, etc. as by-products.
Consequently, 1,1,1,2-tetrafluoroethane is especially useful.

The reaction of the hydrofluorocarbon described above
with fluorine gas is conducted at an elevated temperature in
the presence of a diluent gas.

Although an inert gas such as nitrogen, helium, or
argon is generally employed as a diluent gas, this method is
not always advantageous in cost in view of the necessity of
separation of the inexrt gas from the objective compound and
purification thereof. 1In a freferred embodiment of the
present invention, a gas comprising at least one of
tetrafluoromethane (boiling point: -127.9°C),
hexafluoroethane (boilihg pointi ~78.5°C), octafluoropropane
(boiling point: -37.7°C), and hydrogen fluoride (boiling
point: 20°C) is used as the diluent gas. These diluent
compounds not only have the effect of inhibiting combustion,
explosion,’etc., but also are advantageous in energy cost for
separation and purification because they have a higher
boiling point than helium (boiling point: -268.9°C) and other
diluent gases. It is especially preferred to use a diluent
gas rich in hydrogen fluoride (the hydrogen fluoride content
thereof being preferably 50% or higher based on the total.

amount of the diluent gas).

REPLACEMENT SHEET
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obt ai ned are shown in:Table 1. Table 1 Exanpl e Reac- %
Conposition (vol% tion tenpe- rature FC 14 FC 116 HFC- HFC-

O hers
65. 16
0.68 4
4.68

([err] Q) a5 134a 2 200 0. 49
28. 85 5. 20 0.3 3 350 0.78  90.52 8. 02

450 1.28  95.17. 2. 66 - 0.89 5 550
92. 55 0. 89 - 1.88

For example, the reaction between 1 mol of
1,1,1,2-tetrafluoroethane and 2 mol of fluorine yields 1 mol
of FC-116 and 2 mol of hydrogen fluoride, as shown by scheme
(4). Since the difference in boiling point between the
objective compound, i.e., FC-116, and the by-product, i.e.,
hydrogen fluoride, is about i00°c, a gas rich in hydrogen
fluoride can be obtained by a simple method such as, e.g.,
partial condensation. Use of this gas as a diluent gas is
economical. Alternatively, hydrogen fluoride may be newly
added as a diluent gas. In the direct fluorination method in
which fluorine gas is used, carbon formation, deposition,
etc. occur as a result of, e.g., C-C bond cleavage during the
long-term reaction as stated hereinabove. Although the
carbon formation, deposition, etc. may cause a danger of an
abrupt reaction with fluorine gas or explosion, the use of
hydrogen fluoride as a diluent gas is effective in inhibiting
the formation and deposition of carbon. The term "rich in
hydrogen fluoride” means "containing hydrogen :luoride as a

major component.”

The reaction of a reaction substrate with fluorine
gas is conducted in the presence of a diluent gas. Before
being introduced into a reactor, either or both of the
reaction substrate and fluorine gas are generally diluted
with the diluent gas. From the standpoint of safety, both

the reaction substrate and the fluorine gas are preferably
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16 In the table, FC 14:peans CFlerr], FC- 116 neans CF[err]CFlerr], HFC 125
means CF[err]CHF[err], and HFC 134a neans CF[err]CH err[F. The "thers" I n
Tabl e 1 consisted nainly of CJerr]. Al 550[ err] C, however, formation of
Cerr]Flerr] was observed. The results show that the yield of the

obj ective conpound, FC-116, was |low at |ow tenperatures, while at a high
tenperature of 550[err]C, the selectivity for the objective conpound was

| ow and f fluoro_copgpound S Qbser.ved, which was
yi el ded % 118 %%ﬁqeﬁ’é{:’édtgcgbéﬁﬁn |8§§a_€j BnFUSSATHER LAY iXAY  EXAMPLES 6 TO
8 Using tgg égﬁgrégsgaor as in Exanpl e’ 1, reaction was carried out in the

. sanme nmannér as In anple 1, except that pentafl uoroethane as a

hydrof | uor ocar borgggde { bt Oféfife #2Eure is among the conditions which
should be taken in account in order to efficiently carry out
the reaction of the starting material, i.e., a
hydrofluoxocarbon of the kind described above, with fluorine
gas in the presence of a diluent gas such as those described
above. The optimum range of reaction temperature varies
depending on the contact time and the kind of the
hydrofluorocarbon as a starting material. For example, in
the case where the reaction of 1,1,1,2-tetrafluoroethane with
fluorine is conducted using a long contact time (15 seconds),
the reaction begins at a reéction temperature of about 50°C
and the conversion reaches about 100% at a temperature of
about 250°C. An elevated reaction temperature is used,
preferably in the range of from 250 to 500°C.

Reaction temperatures lower than 250°C are
undesirable in that the conversion of the hydrofluorocarbon
is low. Reaction temperatures exceeding 500°C are not
preferred:in, for example, that C-C bond cleavage,
polymerization, etc. occur to result in a reduced yield, and
that there are problems such as reactor cérrosion and an
increased energy cost.

Although the contact time is not particularly
limited, it is in the range of, for example, from 0.1 to 120

seconds. In general, however, the contact time is desirably




were fed at rates of 3.6 NL/h and 3.9 NL/h, respectively; and hydrogen
fluoride and nitrogen gas were introduced as diluent gases at rates of 50

NL/ h and 30 NL/h, respectively, and thq&_the reaction tenperature was
vari ed. The reaction tenperatures used ahd the results obtained are shown

I n Table 2. 17 Table 2 Exanple Reac- Conposition (vol %
tion tenpe-
from 1 to 30 seconds, preferably from 3 to 30 seconds, since

longer contact times necessit;te a larger reactor and are
hence uneconomical. It is preferred to well mix the reaction -
substrate with the fluorine gas.

As stated hereinabove, in the direct fluorination
method in which fluorine gas is used, there is the danger
that the organic compound as a substrate (in particular a
compound containing hydrogen) may burn or explode upon
exposure to fluorine, because fluorine is extremely reactive.

In the reaction of the present invention, it is
important that since a hydrofluorocarbon, containing
hydrogen, is used as the organic compound substrate, the
explosion of the hydroflﬁorécarbon and fluorine should be
prevented. For preventing explosion, the mixed gas should be
regulated so as to have a composition outside the explosion
range therefor. BAs a result of investigations made by the
present inventors on the explosion ranges for mixtures of
hydrofluorocarbons with fluorine gas, the lower limit of the
explosion range for pentafluoroethane was found to be a
concentration of about 6 mol%, and that for
1,1,1,2-tetrafluoroethané was found to be a concentration of
about 4%. It is preferred that the concentration of the
hydrofluorocarbons of the present invention as measured at
the reactor inlet be regulated so as to be within the

respective safety ranges therefor.




rature FC 14 FC-116 HEC d ) Q hers ([errd:€

125 conpounds 6 200 0.21 6.70 92.17 0. 48 0.44 7
300 0.48 85.21 13.07 0. 47 13 0.77 8 400 0.72
98. 18 - 0.22 0.88 The~"OQ hers" in Table 2 consisted

nostly of CdJerr], and the "Cl conpounds” consisted mainly of
chl or opent af | uoro- ethane and 1-chloro-1, 2,2, 2-tetrafl uoroethane. The

results show that although pentafl uproet hane was | ess reactive with
fluorine gas than ﬁ?ﬁqﬂ9 2Y 5P dg?ﬂa gu?Fﬁnﬁ ga®- e at ure region),

[ 0ave FOrddfol 1n 0000 Ml doo b RVEL" +o PhE" kSRRSO YRS £l vor de vere
preferably from 0.5 to 5.0, more preferably from 1.0 to 3.0.
If the molar proportion of the fluorine gas fed is below 0.5,
the reaction does not proceed efficiently. Molar proportions
thereof exceeding 5.0 are uneconomical in that fluorine gas
is fed in excess and this necessitates, for example, an
apparatus for the recovery thereof.

In carrying out the reaction, the reaction pressure
is also important from the standpoint of preventing dangers
such as explosion. In general, the higher the pressure, the
wider the explosion range. Consequently, the reaction is
conducted desirably at a loﬁer pressure, preferably in the
range of from 0 to 3 MPa.

The reactor is preferably made of a material having
resistance to corrosive gases. Examples of the material
include nickel, Inconel, and Hastelloy.

The following are Examples of the present invention,
but the invention should not be construed as being limited
thereto.

The starting materials used in the following
reactions are shown below first.

(1,1,1,2-Tetrafluoroethane)

Ecolocace 134a (trade name), which is currently being

supplied as a substitute for CFC-12 (CCl,F;), was used. It

had a purity of 99.99% or higher, and contained
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Using the sane reactor as. in Exanple 1, reaction was catki ed out in the
same manner as in Exanple 1, except that ,11,2-tetrafl uoroethane as a

hydr of | uorocarbon and fluorine gas were; f4ed at rates of 2.2 NL/h and 4.8
NL/ h, respectively, and hydrogen fluoride and tetrafl uoromethane were

I ntroduced at rates of 60 NL/h and 20 NL/h, respectively, and that the
reaction tenperature was changed to 480[err]C. The results (vol % obtained

0,
ggégggfwm f%fy¥2—te€§%é{%%roethane, an %éégéifIELrLE[SkLLnt of about

-

20 ppm. No chlorine compound wés'detected therein.
(Pentafluoroethane)

Ecoloace 125 (trade hame), which is currently being
supplied as a substitute for HCFC-22 (CHClF,;), was used. It
had a purity of 99.95% or higher, and contained, as
impurities, 1,1,1,2-tetrafluoroethane, 1,1,l1-trifluoroethane,
and chlorine compounds, i.e., chloropentafluoroethane and
l-chloro-1,2,2,2-tetrafluoroethane.

EXAMPLE 1

An Inconel 600 reactor having an inner diameter of
20.6 mm and a length of 500 mm (electrical heating type; the
reactor had undergone a paséivation treatment with fluorine
gas at 600°C) was heated to 280°C while introducing nitrogen
gas as a diluent gas thereinto at a rate of 30 NL/h.
Subsequently, hydrogen fluoride was introduced thereinto as a
diluent gas at a rate of 50 NL/h. The flow of the diluent
gas was divided into two, to one of which was added
1,1,1,2-tetrafluoroethane as a hydrofluorocarbon at a rate of
1.8 NL/h. Thereafter, fluorine gas was fed by adding the
same to the other of the divided diluenﬁ gas flows at a rate
of 3.9 NL/h to conduct a reaction.

The concentration of 1,1,1,2-tetrafluorocethane as

measured at the reactor inlet was 2.1 mol%, and the reaction

temperature was 280°C.
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CFlerr] CHF[ err] . 1. 78% CF[err] CH err] F ~3 - Qthers

0. 78% The reaction was continuously perfornmed for 30 days under the

condi tions described above, and the gasﬁfollected at the reactor outlet at
the 30th day was anal yzed for conpositidon. The results thus obtai ned were

al nrost the sane as the above. Thereafter, the reaction was term nated, and
the reactor was cooled to roomtenperature while introducing nitrogen gas

thereinto. The inner surface of the reactor was then exam ned, with a fiber

scope (endoscope) ThEee, hoyrs afteg g R SFOUS, THFEBre FRA MR LRY hETace
was obseryed. _Accor.ding to the process of the present jnvention,. EC 116 can
be i ndust FP| FSaETAOBarES, hARHRcb il RO ALIRPLassion hydsokide
solution and aqueous potassium iodide solution to remove the
hydrogen fluoride and the unreacted fluorine gas. The
residual gas was analyzed for composition by gas
chromatography. As a result, the gas composition (vol%) was

found to be as follows.

CF, 0.56%
C,F¢ 84.59%
CFsCHF, 14.45%
CF;CH,F | trace
Others 0.40%

EXAMPLES 2 TO 5

Reaction was carried out under the same conditions as
in Example 1, except that the reaction temperature was
varied. The reaction temperatures used and the results

obtained are shown in Table 1.

Table 1
Example | Reac- Composition (vols)
| tion
' tempe-
rature | FC-14 | FC-116 | HFC- | HFC- Others
(°C) 125 134a h
2 200 0.49 65.16 28.85 5.20 0.3 N
3 350 0.78 90.52 8.02 - 0.68 "
4 450 1.28 95.17 2.66 - 0.89 "
5 550 4.68 92.55 0.89 - 1.88 "
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by reacting a hydrof| ¢mr ocarbon containing two carbon:atons in the nol ecul e
with fluorine gas in a vapor phase in the presence of a diluent gas. Wile
the invention has been described in dgfail and with reference to specific
enbodi ments thereof, it will be apparent to one skilled in the art that

vari ous changes and nodifications can be made therein w thout departing
fromthe spirit and scope thereof. (SCOPE OF CLAI M5 FOR PATENT) (d aim
1) A process for produci ng hexafl uoroet hane whi ch conprises reacting a

hydr of | uor ocar bon contai ning two

In the table, FC-14 ﬁ;ans CF,, FC-116 means CF,CF;,
HFC-125 means CF,CHF,, and HFC-134a means CF;CH,F.

The “Others" in Table 1 consisted mainly of CO,. At
550°C, however, formation of C;F; was observed. The results
show that _the yield of the objective compound, FC-116, was
low at low temperétures, while at a high temperature of
550°C, the selectivity for the objective compound was low and
formation of a C; perfluoro compound was observed, which was
yielded by accelerated C-C bond cleavage and polymerization.

EXAMPLES 6 TO 8

Using the same reactor as in Example 1, reaction was
carried out in the same manner as in Example 1, except that
pentafluoroethane as a hydrofluorocarbon and fluorine gas
were fed at rates of 3.6 NL/h and 3.9 NL/h, respectively, and
hydrogen fluoride and nitrogen gas were introduced as diluent
gases at rates of 50 NL/h and 30 NL/h, respectively, and that
the reaction temperature was varied. The reaction
temperatures used and the results obtained are shown in

Table 2.
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carbon atons in the nolegule with fluorine gas at an el evated tenperature
in a vapor phase in the presence of a diluent gas. (O aim2) The process as
claimed in claim1, wherein the diluent S is a gas conprising at |east
one of tetrafluoronethane, hexafl uoroet hgane, octafl uoropropane, and
hydrogen fluoride. (Claim3) The process as clainmed in claim1, wherein the
diluent gas is rich in hydrogen fluoride. (Claim4) The process as cl ai ned

in claiml, wherein the reaction is condugteg at a tenperature of from 250
to 500[err]C. (Caimb5) The process a dinclaiml, wherein the

hydr of | uor AL
T Example | Reac- Composition (vols) "
tion
tempe-~
rature FC-14 FC-116 HFC- Cl Others ’
hﬁ (°C) 125 | compounds
6 200 .21 6.70 [92.17 0.48 0.44
4 300 |0.48 85.21 | 13.07 0.47 0.77
400 0.72 98.18 - 0.22 0.88

The "Others” in Table 2 consisted mostly of CO;, and
the "Cl compounds® consisted mainly of chloropentafluoro-
ethane and l-chloro-1,2,2,2-tetrafluoroethane.

The results show that although pentafluoroethane was
less reactive with fluorine éas than
1,1,1,2-tetrafluorcethane (in a low-temperature region), it
gave FC-116 in good yield. However, chlorine and chlorine
fluoride were detected in Example 8.

EXAMPLE 9

Using the same reactor as in Example 1, reaction was
carried out in the same manner as in Example 1, except that
1,1,1,2-te;rafluoroethane as a hydrofluorocarbon and fluorine
gas were fed at rates of 2.2 NL/h and 4.8 NL/h, respectively,
and hydroéen fluoride and tetrafluoromethane were introduced
at rates of 60 NL/h and 20 NL/h, respectively, and that the
reaction temperature was changed to 480°C. The results

(vol%) obtained are shown below.




nol-ecul e is a hydrofl uarzacar bon contalnlng three or nore-fluorine atomns.

(A aim6) The process as clained in claim5, wherein t he “hydr of | uor ocar bon
contai ning two carbon atons in the nDIef$Ie is at | east one of
1,1,1,2-tetrafl uoroethane, 1,1,2,2-tetrall uoroethane, and
pentafluoroethane (daim?7) The process as claimed in claim®6, wher ei n t he
hydr of | uor ocarbon containing two carbon atons in the nolecule is
1,1,1,2-tetrafl uoroet hane 20 (Clain18)lTQg%process as claimed in claim

1, wherein CFy
CaFs " 95.98%
CF4CHF, 1.78% . -
CFsCH,F -
Others - 0.78%

The reaction was continuously pérformed for 30 days
under the conditions described above, and the gas collected
at the reactor outlet at the 30th day was analyzed for
composition. The results thus obtained were almost the same
as the above. Thereafter, the reaction was terminated, and
the reactor was cooled to room temperature while introducing
nitrogen gas thereinto. The inner surface of the reactor was
then examined with a fibér s&ope (endoscope). As a result,
no deposit of carbon or another substance was observed.

According to the process of the present invention,
FC-116 can be industrially and safely produced in high yield
by reacting a hydrofluorocarbon containing two carbon atoms
in the molecule with fluorine gas in a vapor phase in the

presence of a diluent gas.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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the reaction is conducted while regulating the concentratlon of the
hydr of | uor ocar bon contai'ning two carbon atons in_the nmolecul e as neasured
at the reactor inlet to 6 nol%or |lower;q(Caim9) The proc@ss -as clai med

in claim8, wherein the concentration o 91 1,1, 2-t as
neasured at the reactor inlet is 4 nol % or Iower ’ 3'@@ §7§Locess as
claimed in claiml1, wherein the reaction i s conduct*dcat La

ressure of from0 to. .3 MPa
P (SCOPE OF CLAIMS $orR PATENT)

(Claim 1) A process for producing hexafluoroethane
which comprises reacting a hydrofluorocarbon containing two
carbon atoms in the molecule with fluorine gas at an elevated

temperature in a vapor phase in the presence of a diluent

gas.

{Claim 2) <The process as claimed in claim 1, wherein
the diluent gas is a gas comprising at least one of
tetrafluoromethane, hexafluoroethane, octafluoropropane, and
hydrogen fluoride.

(Claim 3) The process as claimed in claim 1, wherein
the diluent gas is rich in hydrogen fluoride. |

(Claim 4) The procéss as claimed in claim 1, wherein
the reaction is conducted at a temperature of from 250 to
500°cC.

(Claim 5) The process as claimed in claim 1, wherein
the hydrofluorocarbon containing two carbon atoms in the

molecule is a hydrofluorocarbon containing three or more

fluorine atoms.

(Claim 6) The process as claimed in claim 5, wherein
the hydrofluorocarbon containing two carbon :ZOms in the
molecule is at least one of 1,1,1,2-tetrafluoroethane,
1,1,2,2-tetrafluoroethane, and pentafluoroethane.

(Claim 7) The process as claimed in claim 6, wherein

the hydrofluorocarbon containing two carbon atoms in the

molecule is 1,1,1,2-tetrafluoroethane.
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(Claim 8) fThe process as claimed in claim 1, wherein
the reaction is conducted whiié regulating the concentration
of the hydrofluorocarbon containing two carbon atoms in the
molecule as measured at the reactor inlet to 6 mol% or lower.

{Claim 9) The process as claimed in claim 8, wherein
the concentration of 1,1,1,2-tetrafluoroethane as measured at
the reactor inlet is 4 mol% or lower.

(Claim 10) The process as claimed in claim 1,
wherein the reaction is conducted at a reaction pressure of

'from 0 to 3 MPa.
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PROCESS FOR PRODUCING HEXAFLUOROETHANE

ABSTRACT OF THE DISCLOSURE

A process for producing hexafluoroethane which
comprises reacting a hydrofluorocarbon containing two carbon
atoms in the molecule with fluorine gas at an elevated

temperature in a vapor phase in the presence of a diluent

gas.
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