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PROCESS FOR DECOVPOSI NG FLUCOROCARBONS, REAGENT ANIy)aS g ML

. APPARATUS USED THEREFOR Technical Field 5 The pres%no,ﬁ(,,d’
i nvention relates to a process for efficiently deconposing

fl uorocarbons, particularly perfl uor ocar?ons and hydr of | uor ocar bons
w th about 1-5 carbon atons, as well as to a sinple apparatus for
this pur pose. 10 Background Art . Japanese Unexam ned
Pat ent Publication No. 6- 2933k Ess FORd'D%%lo‘?ﬁ’%%ﬁleﬁmaAQ{Bdﬁ%conpos' ng
chl or of | uor ocar bons, |nv0|V|ng neatlng nagnetlte appifcation of

m cr owaves in an appl i CREBREENE A AP AR piD ¢ BRE RG d 15
magnetite with chlorofluorocarbon gas. Also Japanese Unexam ned
Pat ent Publication No. 7-24255 discloses a process for deconposing
~chl or of | uor ocar borkeghRasal siield i crowave irradiation of a mixture
conprising as car bonacsseise it Bfivéht ol 2@l at&al toea eprobes®t 8broxi de

mxture with chlor®
. chl or of | uor ocar bonpelefbunmost agbgn® casd esydrof ludprot mebahorentht albeed 1-5

publications all eﬁ?i‘l?&n”é&&ﬁ’%‘@@well as L0814 dIRYbac i}g@f‘%{@u?ef&t@ﬁis

requi rement of cost m Ccr owave- generatl ng a arat es and reactors

20 oM 22 for bept pefer athony, 300: LDeP: 9P 8t O pLies cutar1 R

limted to Iﬁ%gPQ%%istant materials with good perneability to
m crowaves. jger aMg&gﬁﬁ&m ek+@l s with good perneability to
m crowaves, but these to react with fluorine and thus

deterlorate in quality. qgﬁﬁgﬁﬁuﬂﬁ¢§ﬁmlned Patent Publication No 6-293501
discloses a process for decomposing chlorofluorocarbons,

involving heating magnetite by application of microwaves
in an applicator, and then contacting the heated

15 magnetite with chlorofluorocarbon gas. Also, Japanese
Unexamined Patent”Publication No. 7-24255 discloses a
process for decomposing chlorofluorocarbons involving
microwave irradiation of a mixture comprising a
carbonaceous material and an alkaline earth metal oxide

20 or salt for heat generation, and then contacting of the
heated mixture with chlorofluorocarbon gas.

Since the chlorofluorocarbon-decomposing processes
in the aforementioned publications all employ microwaves,
their drawbacks have been the requirement of costly

25 microwave-generating apparatuses and reactors limited to
heat-resistant materials with good permeability to
microwaves. Ceramics are materials with good
permeability to microwaves, but these tend to react with
fluorine and thus deteriorate in quality. Consequently,

30 industrially economical and stable decomposition of
chlorofluorocarbons is a problem for which a solution has
been sought.

One technique for decomposing chlorofluorocarbons
without using microwaves has beén proposed in Japanese

35 Unexamined Patent Publication No. 8-187302 by the present
applicant, which is a chlorofluorocarbon decomposition

‘process wherein chlorofluorocarbon gas is contacted and
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chl or of  uorocarbons is a problem for which a solution has been

sought . One technique for deconposing chl orofl uorocarbons

wi t hout using mcrowaves has been proposed in Japanese 35 Unexam ned
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10 many ki nds uor ocar bons are nof deconposed by the cess
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fl uorocarbons wt T ori ne
rate 1s not necessarlly satisfactory for fluorocarbons

with no chlorine groups, such as perfluorocarbons and
hydrofluorocarbons, which are not mentioned in the

15 specification of the prior application.
Summary of the In&ention

Consequently, an object of the present invention is
to provide a process for efficiently decomposing
fluorocarbons with no chlorine groups, such as

20 perfluorocarbons and hydrofluorocarbons.

This. object may be accomplished by contacting
perfluorocarbon or hydrofluorocarbon gas with a reagent
comprising carbon and at least one alkaline earth metal,
at a temperature of 300°C or higher and in the presence

25 of 20 vol% or less (but not 0%) of gaseous oxygen.

More specifically, it has been found that
fluorocarbon gas can be efficiently decomposed by
continuously or intermittently feeding a treatment gas
containing a perfluorocarbon or hydrofluorocarbon to a

30 reactor filled with a reagent comprising carbon and at
least one alkaline earth metal, continuously or
intermittently discharging the exhaust gas from the
reactor after the reaction, allowing or causing oxygen to
be contained in the treatment gas before it is introduced

35 into the reactor so that the oxygen concentration is 20
vol% or less in the treatment gas, and transferring heat

necessary for decomposition of the perfluorocarbon or



20 perfl uorocarbons and hydrof | uorocarbons. Thi s obj ect may
be acconplished by contacting per fl uorocarbon or hydrof| uorocarbon
gas with a reagent conprising carbon and at | east one al kaline earth
nmet al , at a tenperature of 300[err]C orygigher and in the presence 25
of 20 vol % or less (but not 0% of gaseous oxygen. Mor e
specifically, it.has been found that fl uorocarbon gas can be
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treat ment gas contal ning a perfluorocarbon or hydrofluorocarbon to a
30 reactor fil |RGRGHIIN 29Eagant TCring e ddmboifagiPatte the yeaggion
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addition, for e _process of I nvention, the reactor may be nade
of a mat eri & JUckeds baseshrlleyi st causmicanday also be used if

they are resistant to fluorine and hydrogen fluoride
(examples of which are ceramics made of aluminum
fluoride). The reactor may be placed in a furnace which

15 can maintain its internal atmosphere at a desired
temperature, to transfer the heat in the furnace to the
reagents in the reactor through the wall of the reactor.

Another object of the present invention is to

provide a process for efficiently decomposing

20 fluorocarbons which may contain, in addition to carbon
and fluroine, hydrogen and/or more halogens other than
fluorine, such as chlorine.

Thus, the present invention also provides a process

for decomposing a fluorocarbon which comprises contacting

25 a gaseous fluorocarbon with a reagent comprising carbon,
at least one alkaline earth metal and at least one alkali
metal at a temperature of 200°C or higher A halogen
component from the decomposed fluorocarbon may be fixed
to said reagent in a manner such that the halogen

30 elements derived from the fluorocarbon as a result of
decomposition of the fluorocarbon are fixed into the
reagent as halides of the alkaline earth metal and,
optionally, of the alkali metal of the components of the
reagent.

35 The present invention further provides a reagent for

decomposing a fluorocarbon which comprises at least one



10 corrosion-resistant alloy, for exanple a stainless steel or

ni ckel - based all oy, and ceram cs nay al so be used if they are
resistant to fluorine and hydrogen fluoride (exanpl es of which are
ceram cs made of al um num fluoride). The reactor may be placed in a
furnace which 15 can maintain its internal "ainosphere at a desired
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-metal of the conperestsnef the reagent. 35 The present

I nvention further provtges a_reag ent fot £ thconBOS|ngea fguorocarbon
whi ch conprises at e,REesent inven ion further provi S _A-

apparatus designed to suitably accomplish the
decomposition process described above, a fluorocarbon
decomposition apparatus comprising a reactor filled with

15 a reagent comprising carbon and at least one alkaline
earth metal or carbon, at least one alkaline earth metal
and at least one alkali metal, a treatment gas inlet
leading into the reactor, a gas outlet for discharge of
reacted gas from the reactor, a furnace in which the

20 reactor is housed, a heating source for raising the
atmosphefic temperature in the furnace, a duct connecting
the aforementioned treatment gas inlet and a
fluorocarbon-containing gas sourée, and if necessary also
an exhaust gas oxidizer connected by a tube leading to

25 the gas outlet. The reactor may be constructed of a
heat-resistant alloy or corrosion-resistant alloy. The
fluorocarbon-containing gas source may be one containing
a moderate amount of oxygen, such as a fluorocarbon-
containing gas generated by a semiconductor manufacturing

30 process.
Brief Description of the Drawings

Fig. 1 is an equipment layout system diagram showing

an embodiment of an apparatus for carrying out the
process of the invention.

35 Fig. 2 is an equipment layout system diagram showing
another embodiment with the exhaust gas duct section of

-an apparatus for carrying out the process of the



al kaline earth netal, carbon and at | east one al kali metal which may

be in an atomc ratio of alkaline earth met al : car bon: al kali netal of
1.0:0.25-4.0:0.01-0. 3. Preferably, not |ess than 50% by wei ght of
the alkaline 5 earth netal and alkali netal in the reagent is oxides.
In this second feature of the present invention, the term
"fluorocarbon" refers to a fluorocarbon which may contain, in
addition to carbo 1@&%1 ri ne, hydrogen and/ or one or nore

hal ogens ot her ther;ln f u%ir#ﬁr)fe such as 10 chl ori ne. The
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| thube | eadi ngot o |2i5 tFigy 935 iHtd chenEtSid Q.ﬁl(‘dl Y- JEt fthConstdwcd £0a of a
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anot her enbodi msnt wth the ex ct section of an appar at us
for carrying out agﬁgcg§§ 1Fmehas left the reactor, durlng the

process of the invention.
Fig. 7 is a graph showing the relationship between
trichloro-trifluoroethane (CFC~113) inflow volume and
20 CFC-113 decomposition rate for decomposition treatment of
CFC-113 with 0% and 10% oxygen concentrations in the
treatment gas.
Fig. B is a graph showing the relationship between
perfluoroethane (FC-116) inflow volume and FC-116
25 decomposition rate for decomposition treatment of FC-116
with 0% and 10% oxygen concentrations in the treatment
gas.
Fig. 9 is a graph showing the difference in
perfluoroethane (FC-116) decomposition rates for cases
30 where the heating system for the reagents is based on
heating by an electrical heater and by microwave heating.
Description of the Preferred Embodiments
According to the first aspect, the present invention
provides a process for decomposing perfluorocarbons or
35 hydrofluorocarbons preferably with 1-5 carbon atoms, more
preferably 1-3 carbon atoms, wherein the decomposed

fluorine is caught by the reagent and the decomposed



- 5- i nvention. . Fig. 3 is an equipnent |ayout system
~di agr am show ng anot her enbodinent with the treatnent gas inlet
section of an apparatus for carrying out the process of the 5

i nvention. Fig. 4 is a schematic oss-sectional view of a
reactor section showi ng an enbodi ment of heating reagents from

i nside the reactor according to the process of the I nvention. 10
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gas. 10 Fife PerF1RcFoRRbIROWNG RS rdubi®c8?8erd Jas to contact
the reagent comprising carbon and at least one alkaline
earth metal, which may be obtained from the carbonaceous
solid material and alkaline earth metal compound, at a
temperature of 300°C or higher and in the presence of
15 gaseous oxygen in an amount of 20 vol% or less (but not
0%).

The carbonaceous solid material, which is one of the
materials forming the reagent, may be of one or more
members selected from the group consisting of coke

20 powder, char, coal, raw pitch, charcoal, active carbon
and carbon black, with powder being the most preferred
form. The alkaline earth metal compound which is the
other material forming the reagent may be one or more
compounds selected from the group consisting of calcium,

25 magnesium, barium and strontium oxides, calcium,
magnesium, barium and strontium hydroxides, and calcium,
magnesium, barium and strontium carbonates and nitrates,
of which are preferred calcium oxides, hydroxides,
carbonates and nitrates, and among which quick lime,

30 slaked lime and limestone are advantageous from the
standpoint of ease of handling.

The reagent may be filled into the reactor with the
carbonaceous solid material in powdery or granular form
and the alkaline earth metal compound in powdery ox

35 granular form. Alternatively, a powdery carbonaceous

solid material and powdery alkaline earth metal compound



per fl uoroet hane (FC-116) deconposition rates for cases 30 where the
heating systemfor the reagents is based on heating by an el ectri cal
heater and by m crowave heati ng. Description of the Preferred
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For the deconposition reaction,. IS 1 nport
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even be varied during production of the granulated
- particles, and they will contribute to the decomposition
reaction of the invention so long as the desired
15 proportion of the solid carbon and alkaline earth metal
material is maintained in the granulated particles.

For example, when using char as the carbonaceous
solid material and slaked lime as the alkaline earth
metal compound, mixing the powders at a desired

20 proportion, adding water, kneading the mixture, and then
making granules of an easily manageable particle size,
for example 1-10 mm, and preferably 1-5 mm, and calcining
them (for example, at 500-850°C) in a non-oxidizing
atmosphere to make pellets, the volatile components in

25 the char are almost completely removed during the
calcining process and the slaked lime is converted to
calcium oxide; consequently highly pure pellets composed
mainly of carbon (C) and calcium oxide (CaO) are
obtained. Reagents made of C and CaO obtained in this

30 mannexr, having sufficient strength and being highly
porous with a large specific surface area, may be

suitably used for carrying out the process of the present

invention.
The relative proportions of the carbonaceous solid
35 material and the alkaline earth metal compound for

forming the reagent will depend on the types of materials

-and compounds used, but based on the experience of the
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difficult to accomplish. However, perfluorocarbons and
hydrofluorocarbons may be easily decomposed by contacting
them with the reagents according to the invention in the
presence of oxygen, at a temperature of 300°C or higher.
The lower limit for the necessary temperature may differ
depending on the type of perfluorocarbon or
hydrofluorocarbon. So long as the necessary temperature
is maintained, a certain degree of decomposition may be
achieved even in the absence of oxygen, but the
decomposition efficiency may be poor. On the other hand,
in the case of a chlorofluorocarbon or
hydrochlorofluorocarbon gas, a phenomenon is seen in
which the presence of oxygen does not contribute very
greatly even using the same reagent and the same
decomposition procedure, and a non-oxidizing atmosphere
is even more conducive to decomposition.

Consequently; according to the process of thé
invention, the presence of a sufficient amount of oxygen
gas in the treatment gas is indispensable, and some
effect is seen even with a low oxygen concentration, but
it may preferably be 5 vol% or greater. However, a high
oxygen concentration exceeding 20 vol% results in over-
consumption of the carbon in the reagent, and the effect

of promoting the decomposition reaction becomes

‘saturated. Thus, the oxygen concentration in the
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The rel ati vep pr opaieiduesi .of I&h%d@i@."tﬁ@iﬁc%@ﬂﬁa oF ltd1e35:arbdiﬁtc%rd1f§ svid d he
al kal i ne earth netal caqnpound

r form ng the r depend on
the types of mat efigeLial wasy 3e@ﬁﬂﬁbﬁﬁﬁ¥ﬁf§ % Egge 184 hﬁeln view
~experience of theof the composition of CO, in the exhaust ga$: Thus, the

reagent in the present invention has a function such that
it causes decomposition of perfluorocarbons and.

15 hydrofluorocarbons and catches. the fluorine component as
a fluoride of an alkaline earth metal such as calcium
fluoride to accelerate the decomposition reaction.
Incidentally, air may be used as the oxygen source in the
treatment gas. In some cases, the oxygen in CO, may also

20 be used as the oxygen source.

In order to contact the perfluorocarbon or
hydrofluorocarbon (hereunder may be abbreviated to PFC or
HFC, respectively, or simply referred to as fluorocarbon)
with the reagent, it is convenient to supply it with an

25 inert gas such as nitrogen gas, as a carrier, to the
reagent either continuously or intermittently. When this
is done the fluorocarbon is diluted by the inert gas, but
the inert gas functions as a heat removal carrier, and
substantially contributes nothing to the reaction. In

30 the present specification, in cases where an inert
carrier gas is also present, the oxygen concentration in
the treatment gas refers to the oxygen concentration in
the total gas volume including the carrier gas.

The process for decomposing a fluorocarbon according

35 to the second aspect of the present invention comprises

the use of a reagent comprising carbon, one or more



present inventors, it is preferred for the two to be present in equal

anmounts or for the latter to be slightly I n excess, in terns of

wei ght percentage. In terns of the nolar ratio of the carbon (C) in

t he carbonaceous 5 solid material and the,petal oxide (MO of the

al kal i ne earth netal (M of the alkaliné earth netal conpound, the
nmolar ratio of C MO may desirably be 0.9-2.3, preferably 0.9-1.9, and
more preferably 14019 e earth meta@N&R] IohesSRAAKIIISE DEEL1 UKQEAIdANS o
and 10 hydr of | uorocar bons are nore stabl e conpounds_than

chl or of | uor ocar boRECATPARIdD AABtof | Fdreo CHFRAMNEN th P £ the' dSFAIHBT G hei r

deconposition is Q@@@ém&rQQanerd@yailbed bedidufi cult to acconpllsh
However, perfl uorocarbgns . and drofluorocarbqgr e easily
g R

deconposed by contacti GRS i f§ GRS e Pa gt “hg to the
I nvention insthe decomp;mrsa&emeﬁ thvey gdmo ratc aar Hognpdreat urte eofis3¥[ierr] C or

hi gher . The Jo%‘ﬁeirnfa Jl%rh e 1858353 ea%e rn?e% ey 'Jr}f i

dependi ng on the type o "t "ot ocar bén or uorocarb
| ong as the neces%firl)sttsen@erté)ﬁngésg@us phaisgai maafhﬁ?édmaéf &drstai frp e rasdo ooy

deconposi tion may pRegoxide u%m %\ﬁ%dd%\e«mgo@ltt%rﬁ%m&{ SIXWaRN, but the
deconposi tion efficiency onr t he ot her hand, In the case

of a chIoroquoroé&PﬁEﬁcéFbon H?dFS@ﬁP@FoPﬁuGFﬁ%E?bdﬁ‘dﬁf’ L8895 o MdYon
i's Selen in 26 \Malrg:h abh@rﬂrms;em@ethb Wh s@oeE Robie maidmpimstle;ncﬁry
greatly even usin reagent and t sa c si.tion
procedure, and a %Eﬁc iP |ZPH§ &F%b?ﬁﬁgﬁga%ly @% &t &gﬁsﬁbﬁgg Hd&kﬁ@bafb
deconposi tion. atomic ra€dwmseduentrbpn aocahei rd kiad inkee epnidesetafl Ble 30
i nvention, the pr e _of suf f. n u 0 a
treatnent gas is ﬁ%%lggpgﬁsggﬁ Eﬂultg 1 tst%gg S (E?‘fe w%g\pgesér?lg\?le%eﬁ%ttﬁ%%
| ow oxygen concenihgtreothebgatio is ﬂESﬁayhpneﬂeﬂébﬂyObet®ev@E%ﬂ@POQnéa$¥W.

However, a {4 gh reactdCHORA Cﬁeeeg%egbansam%%qb%r%quol %%e%'élntt%rﬂtnof
over- 35 consunption of e carbon in the reagent, and the effect

of promoting the aééaﬁpo§ettaéﬁln§aem shepeeagest may prgferabdd. Pendd athe
oxygen concentrat h@BmiB ¥B€io of carbon to the alkaline earth metal of at

least 0.25:1.0 even during the reaction. However, if
‘carbon is contained in the reagent at an atomic ratio of

20 carbon to the alkaline earth metal of more than 4.0:1.0,
the content of the alkaline earth metal decreases and the’
decomposition reaction may not proceed satisfactorily.
Therefore, the content of carbon in the reagent may
preferably be in a range of 0.25 to 4.0:1.0, more

25 preferably 0.5 to 3.0:1.0, especially 1.0 t6 2.0:1.0 in
an atomic ratio of carbon to the alkaline earth metal.
It is desirable that this content of carbon in the
reagent is maintained from the initial stage of the
decomposition reaction and even during the reaction.

30 Carbon in the reagent may be in the form of char,
active carbon, carbon black or coke powder. There may
also be employed carbon fiber and graphite as well as a
material comprising predominantly an inorganic
carbonaceous substance. Where the reagent is to be in

35 the form of granulated particles, a powder of at least
one of these carbonaceous materials may be subjected to

granulation together with other starting materials such



-9- treatment gas nay desirably be 0.5-20 vol % preferably 2-

15 vol % and nore preferably 5-10 vol % The reason that t he presence
of oxygen nore efficiently pronotes deconposi tion of

per fl uorocarbons and hydrof | uorocarbons | s_not fully understood at
the present time. Wen the conp05|t|o% of a reagent after the
conpl eti on of the reacti on was anal yzed, the whole or sone of

cal ci um Oxhdean! 218X 20! BarPASmERRYCELAROLALOAGR! GhUTLELYS! kg a1
and the anmount of "The car onaceous sol1d materi i

addi ti on, sone of cempovafdbonlbesgsthel rgagent lﬁaﬁ@rb&lamﬁ§léﬂé§ﬂl?r0duct

converted into COZ bbhakkyokkna¥i e¥ast oneOBftEﬁe@@”@@%bbhgaegﬁsCﬁgtbﬁlhmg

exhaust gas. Thus, the reagent in th resent inyention
Funet; on sueh thahaY B sppIeGEets teuBABDIAEIOR. BPIBERERuBLoEarBOREENd 15

hydrofluoroqarbonstaﬁdlﬁgtmheérlhmesﬁbhoabnancampamené earth metalfl uoride

of an al kaline earth _net such, as lciu celerate t he
deconposi tion reaE?WBﬁPng or Wfﬁg gﬁ?alfggrtlng ma%% g§sd aggtﬁe oxygen

source in the alkalénenearthametah sgmpogagesndthe exygen mat&2 may

al so 20 be usegoﬁﬁoggg oxygen source. In order to contact the
per fl uorocarbon or hydr of | uor ocarbon (hereunder may be abbreviated to

PFC or HFC, resp&heidékgline sarphymespér indthe HSagPUbr BaHr B6A) tO

with the regggent, dé&omﬁogenyﬁalen&oisc§ysshywhénwekhsemn§51n cbﬂsiha9§§n
such as nitrogen g as a carrier, to % nt é
conti nuously or |W%E?n??F€ﬂFry F?%eﬁx?ﬂPéef Wher?sta nglka lP?uﬁ?BEErB%Hais

diluted by the ingstcgd8iuluind the fluorocarbon to be decomposed is C,Fq,
the following reaction
3 Ca0O + C,Fg - 3 CaF, + CO, + CO

15 proceeds and, thus, the alkaline earth metal acts to fix
fluorine contained in the fluorocarbon in the form of
CaF,. Thus, the alkaline earth metal is a basic
component of the reagent according to the present
invention. Therefore, in this specification, the

20 contents of carbon and the alkali metal are defined by
relative proporﬁions with respect to the amount of the
alkaline earth metal, and the exact content of the the
alkaline earth metal depends on the contents of carbon
and the alkali metal. Where the reactive proportion of

25 the alkaline earth metal is too small, the relative
proportion of the alkaline earth metal contributing to
the decomposition reaction with respect to the amount of
carbon decreases as the reaction proceeds, so that a high
decomposition rate becomes impossible to obtain. On the

30 other hand, where the relative amount of the alkaline
earth metal is too large, the relative proportion thereof
with respect to carbon is too high, so that a high
decomposition rate also becomes impossible to obtain.

The alkaline earth metal may include Be, Mg, Ca, Sr,
35 Ba and Ra and may be contained in the reagent as an

oxide, a hydroxide or a salt such as a carbonate. Among



the inert gas functions as a heat renoval carrier, and substantially
contributes nothing to the reaction. In 30 the present specification, in
cases where an inert carrier gas is also present, the oxygen
concentration in the treatnment gas refers to the oxygen concentration
I n ' the total gas volune including the chfrier gas. The
process for deconposing a fluorocarbon according 35 to the second aspect

of the present | nyenl001fARN83ren methl®,"88 Fhd® PR b2 WIH N0

al kal i ne earth netrales paedeote iovemsoe saltlkesitiednwiealiougs ad kaline egaeddnposi ng
agent. The Conponﬁ@Eglgfahﬁefgﬁﬁﬁnﬂﬂﬁkn@a and M r%@ﬂ&%ﬁﬂ“é ML%% d55G kel v

bel ow. he reagent may contrl bute to
deconposi tion of the theudeseaPRSA tREnOift thgi flgorpcarbons COH&%%%IOH wi th

the al kal i nes eart Buatahces§ caxydeneasily hax;u&ba b@cbhh%eg@@omaﬁfta&@
carbon nmay al so form carhon - nonQxi. de ug g gﬁ npQsi ti qn reacalon
B HCtﬁ ErFe ow

of the 1 UBAGEERBAR, OFhESCORPRRE toPiCR g&FN IRy fo
vary according tOthkacpltggr egheobthle idgcaapesiibilenof theseeanbisaancest may

preferably be at ast 0.25:1.0.in_a at om rb n t he
‘alkaline earth ne?ﬁﬂ are S%agégs?ngtcﬁﬁe Pnrt ﬁysga §1% t% R e
deconposition reaébirmnof an oxywienecthtanating psmpesgdthaﬁh0a§563 oxidee

deconposi ti 15 p dEQQQHbOQnHBXaQBBnQE8C666u§@k'§Eﬁ%t0%ﬂ5&ed 1hgegont ent

of carbon retaining in the reagent may preferably be at an
atomic ratio of caaybﬁepomﬁaeeauna|Fﬁéb@aﬁtﬁ gaflagfodprite may becgeptioned

0.25:1.0 even dur yjgggkhenseacktkanplE8Ve¥Besel bubstances being especially
preferred in the form of an oxide.
Where Ca or Mg is incorporated in the reagent in the
15 form of an oxygen-containing compound as mentioned above,
the fluorocarbons can particularly advantageously be
decomposed. This is supposed to be based on the fact
that the reagent becomes highly active when, in the
decomposition reaction of the fluorocarbons, oxygen in
20 the oxygen-containing compound reacts with carbon or is
replaced with fluorine in the fluorocarbons or oxygen in
the gaseous phase reacts with carbon in the reagent.
If an alkali metal exists in the reagent in
combination with carbon and the alkaline earth metal, a
25 fluorocarbon can be decomposed with a high decomposition
rate even if the decomposition temperature is lowered as
compared with the case where no alkali metal exists. The
alkali metal may include Li, Na, K, Rb and Cs and it has
been proved that the decomposition temperature can be
30 remarkably lowered with K. The content of the alkali
metal in the reagent may preferably be in a range of 0.01
to 0.3:1.0 in an atomic ratio of the alkali metal to the
alkaline earth metal. Even if the alkali metal is
contained in an amount such that the ratio is more than
35 0.3:1.0, inadvantageously, the effect may not be further
enhanced and the contents of carbon and the alkaline

earth metal are relatively decreased. Where the ratio is



carbon is contained in the reagent at an atomc ratio of 20 carbon to
the alkaline earth netal of nore than 4.0:1.0, the content of the

al kaline earth netal decreases and the deconposition reacti on nay not
proceed satisfactorily. Therefore, the fgntent of carbon in the
reagent may preferably be in a range of 25 to 4.0:1.0, nore 25
preferably 0.5 to 3.0:1.0, especially 1.0 to 2.0:1.0 in an atom c

rati o of carbon tgg %Qetﬂgkag il @abthtﬁstakfect to hbwb$ @ﬁai Bhﬁpagékio
this content of car I n gent 1 s malntained !
stage of the tegpesapBELt MK ﬂ@écb?oﬁtﬁﬁéné@en HQF?nBrﬁﬁérﬁbéﬁbléhe 30

Carbon in the rea@@HEeHEYOPeth@ hbﬁaiQrﬂéﬁélcﬁéy be in aAChh¥8n€aLReR. that
car bon bl ack or F gomﬂer Ther e ¥ bzo be egplo ed carbon |ber
and graphite as mE P 5RT&C 1S 1n@rERNgP €6nfrPSi RY Préddn’nafifPGCaAt

i norganic 5 car bdnasedus: subst ance. Where the reagent is to be in 35

the formof granul ated,pagticl of aj | ne_of ese
car bonaceous naterlaIgKn%§ %ﬁ %% ectrg%g%i Ly be ?gﬁéfg?Fgﬁegoéggﬂe%nﬁﬁth
ot her starting natreagant smchhe form of a compouag theneREl sneheast A net al

cornpound and an ah{fé‘i-bx{@éa'carbon%tQO”PHHé‘ghawer51&B§né€é9‘3ﬂit}:§té°o?e a

cal ci ned product t one of these carbonaceous
materi al s %Jyf%’éGSUb'F’é%‘f%dc?’éP@'ﬁaﬂﬁlIa@Yohetb’@%?ﬁB?ré\H—’ﬁ ahenfepr &8s

starting mafperi al 5 SHERc@be a0f atkal bPemEAEt EhEBESF, in theCPHBRUDE 8T p¥ivldr
- other starting nat rlals such as an aIKg |n§ earth n?tal conpound
and an al kal i I'TE'[‘h the COMB%% %nﬂre in a powae orm or after belng

ground into particles of a size not larger than 100 um if
the compounds are in a lump form. Although the reason
why the fluorocarbons can be satisfactorily decomposed

15 even at a low decomposition temperature when the K
component exists in the reagent in an appropriated amount
is not clear, it is supposed that the activity of the
reagent is enhanced, in view of the fact that the
decomposition reaction satisfactorily proceeds even where

20 no oxygen is contained in the gas of the fluorocarbon to
be decomposed, i.e., even in an oxygen-free atmosphere.

The total amount of carbon, alkaline earth metal and
alkali metal in the reagent may desirably be not less
than 50% by weight based on the weight of the reagent.

25 Although the fluorocarbons can be decomposed where the
total amount is less than 50% by weight, the amount is
desirable to be at least 50% by weight to carry out the
decomposition efficiently. The remaining components may
include the components of the compounds or the compounds

30 where the alkaline earth metal and alkali metal are
incorporated as their compounds. Oxygen may preferably
comprise most of the remaining.components, but water, CO,
and impurities associated with the starting materials may
be contained.

35 The reagent for decomposing the fluorocarbons

according to the present invention may be a solid



The al kaline earth netal in the reagent may act to 10 deconpose the

fl uorocarbon when existing in conbination w th carbon. For exanple,
where the al kaline earth netal is calciumand the fluorocarbon to be
deconposed i s CF6, the foll ow ng reacthg 3 CaO + C2F6 - 3
CaF2 + CO2 + CO 15 proceeds and, thus, the-dl kaline earth netal acts to
fix fluorine contained in the fluorocarbon in the form of CaF2.

Thus, the al kal i necGartl IRG 2! ad Se2edRELE) compofGDONOLLBbn! Noc ! 2808 on

accordlng to the pr I nventi on ore, In this specitication,
the 20 cont ent sabtakindoramr Teleahl aad i atreleasareneed Lkebi byetal . The

relative proporti Oﬁéac)‘\éﬁ@ h&y @éfé:@aﬁﬁ? 1oLt 5 Qirér'i‘@lated f&kafbpe earth
nmetal, and the exact tcontent o al kal j ne eartp%netal depends

on the contents ofeRb@Bping the %q%@%lmﬁa%mthw%?e PRIPAERPRR to

proportion of 25 betd@c@h;}f@éed\e ePd h\:ﬁ@tg@fan@lé@mﬁﬂﬁﬂ)éwdéf@ &l athd ve
proportion of the $$kallne earth. nmetal contributj
C

deconposition rea evW?TF+?ﬂﬁﬂxﬁtq{F¥Qﬁa@ﬁﬁﬁﬁﬁr$% are mlﬁ%ﬁbd%r%%%}%ﬁﬁ%s
as the reaction preceeds,ssitalibe andumh of wat@ecmmtiwmllzatmmcﬁms
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t he al kal i ne net al arge, He TelAtive proportion
t her eof \Mtfﬁ?iﬂﬂ%ﬁﬁetWﬁt%Wbon is too high, so that a high

- deconposi tiggp rate al S%&@@%&’éﬁéf@ﬁé' :ﬁmd]&h&t& ?fhducts may be d¥lcined
al kal i ne earth net e Be and may be

al I n¢ Ca, Ra,
contained in the r%’é@"é"?g tRd o uCtsoxﬂH&?s% HﬁRﬂ"%ﬁ(‘?%é“%Yﬂées%ﬂ]tc as a

carbonate. Among products obtained by calcining a powder milZture of a
powdery carbonaceous material, powdery alkaline earth
metal compound and alkali metal compound or by coating or

15 impregnating a calcined product obtained by calcining a
powder mixture of-a powdery carbonaceous material and
powdery alkaline earth metal compound with a solution of
an alkali metal compound and then drying it to remove the
volatile components such as'a solvent. The carbonaceous

20 materials, alkaline earth metal compounds and alkali
metal compounds as mentioned hereinabove may be employed
as the starting materials for obtaining the calcined

products.
Typical calcined products may be those which are
25 obtained by calcining a blend containing a carbonaceous

material powder, slaked lime and a potassium compound
under conditions sufficient to cause the reverse slaking
reaction of slaked lime to proceed while allowing carbon
to remain, 6r obtained by calcining a blend containing a
30 carbonaceous material powder, calcium carbonate and a
potassium dompound under conditions sufficient to cause
the decomposition reaction of calcium carbonate to
proceed while allowing carbon to remain. The potassium
compound to be incorporated into the blend may be in a
35 powder form or in an aqueous solution form.
The blend may preferably be a granulated product 'in

‘which the starting materials respectively having a



these alkaline earth netals, Ca and My are preferred. The present

I nventors tested various al kaline earth metals and found that Ca and
My exhibit a high efficiency in the deconposition of the

fl uorocarbons. These 5 substances can be gasily handl ed because the
starting materials or deconposition products thereof exhibit a | ow
toxicity. The starting nmaterials of these substances whi ch are stable

and can be easily hiandiexk a6.d oA m%bt greatfe¥ M1dn am@m%@mﬁtﬁmy
conpound such as an oxjde, 10 h I‘OXI de and c?hjlbon ick Iing
sl aked 1ine, blendad, thiyRed d’rﬁtté‘ea Eﬂtﬁi FHRRRF ‘-bewelghlng

ment i oned asHiefd td A tel rex angt easia Thase shsliandes oed deispecd al |y
preferred in the for f. an o or

i ncorporated in tHe'Y a}g]ee amort"tqh Sijgraten g orprﬁn\é\t&elaennéo:in I\%béntaaqdnltnlgon
conpound as Benti mad:da:al:nme be replatdm:i fbwdﬂm:adw@wamfbaan | el sy

advant ageously be o 1.t % r\i aﬁ(aﬁt PRe tc‘bnﬁ?olﬂﬁfed Phidifier

fact that the reagen
deconposi ti on read@YorrdanYRISIUFIY Yo Y96, gen Wi Glp blendjng and

oxygen- cont ai ni Ng HYFROERE JTERGrS B tdazqqréeprbtﬁf do'i"tcurrentrl%pJ a&ﬁd iy fbe
fluorine in the fluorocarhons or. oxygen in t he gaseous a&ase reacts

with carbon in thé?”reeaidbﬁ‘fhmh blending jgnd; granuliat gl 4TS &8 9% e
reagent in ig gn wia meewd)wl m&éﬂ%xﬁi kedd e Hamtixeetadn e 25

fl uorocarbon can be deco ed th a de ositio rat.e eve

t he deconposition ef@ﬂt?é’reg?ﬁ |tg ¢ bldn ‘@&%é’%‘h THAR
where no al kali metaimpda ,sttert e blendmlgkaiﬁ thet asltarmy.ngtadanﬁe:n_als Naa,y K,
Rb and Cs and it Ig)%s carrledb% Ry O\ée%etn@%th tlhﬂll%%o'g}oif é&ﬂal tnﬁ{%? aatrH:f e

can be 30 remar kabl'y Iowere he content of
metal in the reagéﬁtennéiilepﬂéﬁ@ﬂld@tyw@emaﬂ' er gRgaied (9"“@1 on a tray ¢ypel. 0

in an atom gsrati grahuliR@cd kal iarigt peitietiiber. al kaline earth netal.
Even if the alkali” netal is contai ned in an anmount such that the

ratio is more than 35 UPO® Blengding,aads Gragudadipn i Re SHYAOL Sr@rqigit

further enhanegthdand mafe beoihebirpodhted Ron aakd tilse alkalate® or an

earth metal are rela%%%%'%oqg%ﬁg%sgg'm@ﬁ E%n%%9 %%Ep Iin organic binder
such as polyvinyl alcohol (PVA) may be employed as the

20 binder. An inorganic binder such as an aluminum oxide-
or silicon oxide-based binder may'also be employed, but
such an inorganic binder should be used in an amount not
affecting the performance of the resulting decomposing
reagent.

25 The calcining of the blended and granulated products
should be carried out under conditions such that water
and volatile components are removed and a calcined
product having a moderate strength is obtained. In order
to prevent carbon in the starting mixture being consumed

30 through oxidation, it is preferable that the heat
treatment is carried out in an inert atmosphere. Thus,
in an inert atmosphere, the heat treatment at a high
temperature becomes possible and a calcined product of a
high strength can be obtained. For calcining, there can

35 be used a continuous apparatus such as rotary kiln as
well as a stationary furnace.

Preferably, the decomposing reagent according to the



- 13 - | ess than 0.01: 1.0, the effect to | ower the deconposition
tenperature may not be attained. Myre preferably, the content of the
al kali metal may be in an anpunt such t hat the ratio is in a range
of 0.02 to 0.2:1.0, especially 5 0.03 to qsl:l.o. K as an
al kali metal may be incorporated into the ~ Teagent in the formof a
conpound t hereof such as a hydr oxi de, carbonate, phosphat e,

ayum nate, nilratepfiecn inyob 8k Shadheshos RELPYS B Do doR ROTELED

al one or as 10 “mxture of two or nore thereo he form
i f the conpounds aletilke a"pesvleyaPdr mlwFing tehe pdepgupositioyreretiong so

particles of a sizgsnad a8t tdao P08 dfischarge $H€1$ONPPUREISGIRE Bwhén a
| unp form Although the reas %ﬁm%nthe f |l uor ocar bons can be
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is not clear, it L@Pfgﬁggsqg that. the .activity of the

reagent. j
enhanced, in view The 3 ?nt$ﬁﬁnqrﬁye abov é?%ﬁ%ﬂ%? ?oﬁe?%%ﬁgi%ﬁ}isbe

satisfactorily prodesdsilesdroedesre 20 no oxygen is contained in the gas
of the fluorocarbon to ' [ -free
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at nosphere. | carbon, alkaline earth netal and
al kali netal in thceeedind tmythRDreasit bnvratiesgnay be qammisdmwy by
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can be deconposed where 1he total apount is 1ess than 50% by wei ght,
the anount is thepugh 4 ead e Ll b1 Ebobsy XM@Y to T ry out the

temperature of the reagent or the reaction temperature
may be kept at 200°C or higher and the treatment may be
carried out in a non-oxidizing or weakly oxidizing

15 atmosphere. ) '

The reaction temperature to be controlled and the
atmosphere for the reaction may be suitably selected
depending on the kind of the fluorocarbon. For ekample,
for perfluorocarbons (PFC), hydrofluorocarbons (HFC),

20 hydrochlorofluorocarbons (HCFC) and chlorofluorcarbons
(CFC), the minimum decomposition temperature capable of-
satisfactorily decomposing them véries depending on the
kind of the fluorocarbons, and the inventors have found
by testing that these fluorocarbons have minimum

25 decomposition temperatures which become lower in the
above-mentioned order. The decomposition efficiency is
high irrespective of the presence or absence of oxygen in
the treatment gas, which is thought to be because the
reagent according to the present invention containing an

30 alkali metal becomes to have a high activity as compared
with a reagent not containing an alkali metal.

Therefore, although the decomposition may be
satisfactorily carried out in a non-oxidizing atmosphere,
the decomposition may be more advantageously carried out

35 in a weakly oxidizing atmosphere such as in an atmosphere
of a treatment gas which contains 0.01 to 25% by volume

‘of oxygen. The concentration of the fluorocarbon in the



deconposition efficiently. The-remai ni ng conponents nay I ncl ude the

conponents of the conpounds or the conpounds 30 where the al kaline earth
netal and al kali netal are i ncorporated as their conpounds. Oxygen
may preferably conpri se nost of the reneyplng conponents, but water,
co2 and inpurities associated with the arting materials may

be contai ned. 35 The reagent for deconposing the fluorocarbons
according to the PresgbhohlVeRL! 00 ABY DPi@:s8hifdnd a 10p% fluorpcarbon gas
- 14 - conprisin S essential conponents, carbon, east 8
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o Doeep EPeeR e aRR: fong Caas. PorbeE YR 88Ss rahdt iPCorppsiKien
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the addltlonbgfbgndgggkgg%ég ?Qén% ﬁcgﬂgrQFEQndékeQ {luoroc rbon
evaporate water. fefera e granula pro s"Ray°be
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products obt ai ned @anﬁéiﬁiﬂgnaaé PRVERE @%é&ﬂ&@n@fgés sv (PaPELEYcial
car bonaceous materi al, wdery al kaline earth net al conpound and

al kali net al conpdﬂ%ﬁ°%$t%y Wt { hgnear 1o locifpt eghl®i Agna@ltapef nedl the

product obt aigned byagaﬂaémgngl;aed mthwm@f Fhxds| cand ah@oaf&@pasulon and
car bonaceous nater llne earth netal ound.wi th

a sol ution of 05% %fk%h? %ﬁé@ﬁnﬁdﬁb %%dt?hﬁhedPﬁ?ﬁ%nFt ¥erERRe

t he ' For example, when the SV is low, a desirable
decomposition can be attained even at a low temperature.
Therefore, by suitably selecting the treating

15 conditions, the decomposition treatment of a fluorocarbon
according to the present invention can be carried out
with a high efficiency with respect to perfluorocarbons
consisting of fluorine and carbon, and
huydrofluorocarbons consisting of fluorine, hydrogen and

20 carbon, as well as halogenated fluorocarbons consisting
of fluorine, carbon and a halogen other than fluorine,
and halogenated hydrofluorocarbons consisting of
fluorine, hydrogen, carbon and a halogen other than
fluorine.

25 The decomposition treatment can be carried out on a
fluorocarbon decomposition apparatus comprising a reactor
filled with the above-mentioned reagent, a treatment gas
inlet leading into the reactor, a gas outlet for
discharge of treated gas from the reactor, a furnace in

30 which the reactor is housed, a heating source for raising
the atmosphere temperature in the furnace to 200°C or
higher, a duct connecting the treatment gas inlet and a
fluorocarbon-containing gas source, and optionally, an
exhaust gas oxidizer connected by a tube leading to the

35 gas outlet.

Fig. 1 shows an embodiment of an apparatus for

-carrying out the process of the invention according to



vol atil e conmponents such as a solvent. The carbonaceous 20 material s,

al kaline earth netal conpounds and al kal i net al conpounds as
ment i oned her ei nabove may be enpl oyed as the starting materials for
obtai ning the cal ci ned products. Typi cal cal ci ned products
may- be those which are 25 obt ai ned by carcﬂﬁlﬁg a blend containing a

car bonaceous material powder, slaked linme and a potassium conmpound

under conditions | nt 1o, cause he rever se sl akjing reacti on of
slaked line to progé JP a%ﬁl%ﬁﬁ?P& Boh-° éher?ofreﬁﬂwfhiﬁ éﬁﬁ%ﬁ%%d 1
by cal cining a bl erd a:omtaalmmycatm (tubfa)rborriandous nfit kfed|wipdwderyeagent

cal cium carbonate 2 'E%ﬁbrLSﬁFgﬁygfﬁﬁﬂ WH§ ool undel £o0M {1ONSarth metal

sufficient to cause 03|t|on reactlon of caIC|un1car onat e

to proceed WHi [ERAD\ANY Q:tarltﬁﬂﬁ‘% ereriielime gt digiml and at

conpound to Be i NOUA &Jrd 41K it h@ﬂailend m henbdt Bnedt  haPVKEert I 1a.0r
I N an aqueous solutlon form end naxafreferably be a
granul ated productt§aftor T ﬁﬁﬂ49+q9u¥%ﬁEﬁQQ%ﬁ¥¢nﬁ¥9 i3 ets held

having a over a fixed gas transmissible laykar -3. The meﬂ&ﬂtﬂd&éi

si ze of ot o eat afe (N 100487 1 MY FUULR WY sraimcdl Seh b

producti on of the b conpri si ng artlng materd al s
to be bl ended andnmﬁkaﬁ;hﬁsed allQﬂHtabIe anount of water upon bl endi ng.

The additiong 5 et ahdrieda fenl a0 fuckhier adelid ok g madiees:
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advant ageousl y be 'l‘gl‘Pplh(%ﬁéd-T\% SHVXEIe lﬂfeﬁdi%dl%ng furnag:,ea,ﬂmsé‘tqvgh idarkhse

~carried out conCurd@Rfing iRUtan@MR@rical heater 5 with a heating element
which generates heat electrically, and the temperature of
the furnace atmosphere 6 is raised to a desired
15 temperature with the electrical heater 5, while the heat
inside the furnacé is transferred to the reagent 2 via
the metal reactor wall. The heat source is not
restricted to an electrical heater so long as it is
capable of raising the temperature of the furnace
20 atmosphere 6 to the desired temperature. For example,
high-temperature gas such as combustion exhaust gas may
also be used as the heat source.
A treatment gas inlet 7 is provided in the reactor 1
situated inside the heating furnace 4, and the treatment
25 gas inlet 7 is connected by a tube to a container 8
containing a fluorocarbon. The container 8 is indirectly
heated by heating means 9 if necessary, for heating to
raise the pressure of the fluorocarbon gas inside the
container 8. A flow adjustment valve 11 is also provided
30 between the container 8 and the gas discharging tube 10.
In the embodiment in Fig. 1, an oxygen gas cylinder 12
and a nitrogen gas cylinder 13 are separately provided in
addition to the container 8, so that once oxygen gas and
nitrogen gas have been fed to a gas header 18 through the
35 gas discharging tubes 16, 17 equipped with flow
' adjustment valves 14, 15, the fluorocarbon is fed to the

-header 18 and the nitrogen gas as a carrier is combined



one in which blending and granul ation are carried out 10 Separately. A
Henschel m xer and vertical m xer can be enpl oyed for the concurrent
bl endi ng and granul ation for exanpl e, but the blending of the
starting materials may be carried out gwhéijnschel m xer or V-type
m xer and then the granul ation may be carried out on a tray type 15
granul ator or drum pelletizer. Upon bl endi ng and granul ati on, a
suitable amount ofysen tn@ Ph0debeAPKoRLCARROLALRD bRyBAM! LhGNnbg WAt er
or an aqueous sol ution as nentioned above. An orgahic brnder

such as pol yvinyl aprtsppplipVvhy WmayedetbBappvith adfthe ¥hich phadsreatmpgnt
i norgani c binder sygh A$xad atuBh8URALRYEHE18 is fell ifitbi R O¥bHEmBAteHas
bi nder may al so be_enployed an i norgani c binder, shou
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wat er and vol'FFPE conponean are2f enovea®and-a ¢aléine 9

product having a npdeparedsineagshngieobvatasder| foor leeding oft bhermwirad
carbon in the Star&%ﬁgdgté%ei§ Pﬁt?gtﬁ8néyg§9m§9t abNERYgh oxigdatipp, it

is preferable that”t reatment Is car i ed out in an inert
at nosphere. Thus, nitrogen gasimaytbatfedphete, thaecarhalneEabnkdt at a
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N 16 - optionally be connected to the container 8 itself or to
the tube running from the container 8 to the treatment

15 gas inlet 7.

In addition,”an exhaust gas duct 21 is connected to

the gas outlet 20 of the reactor 1, and this exhaust gas
duct 21 is connected to a halogen absorption bottle 22
which is equipped with a gas discharging tube 23. A

20 sampling tube 24 is connected to the exhaust gas duct 21,
and sampled exhaust gas is. fed to a gas analyzer 25
through the sampling tube 24.

Fig. 2 shows another embodiment with an exhaust gas

oxidizing apparatus 26 connected to the exhaust gas duct

25 21 for exhaust gas discharged from the reactor. The
exhaust gas oxidizing apparatus 26 is designed so that
substantially the entire amount of exhaust gas passing
through it also passes through a catalyst layer 27, and
the catalyst layer 27 is filled with an oxidizing

30 catalyst which promotes an oxidation reaction of CO to
CO,. The cétalyst used may be a noble metal catalyst
such as platinum or palladium.sﬁpported on a heat-
resistant carrier, or a hopcalite catalyst. An oxygen
inlet tube 28 is also connected which adds oxygen to the

35 exhaust gas before it enters the exhaust gas oxidizing

apparatus 26, and a flow adjustment valve 29 in the



present invention has a | ow water content and generates little water

vapor during the deconposition reaction, so as to exhibit a noisture
di scharge of 15% by wei ght when heated to 800'C in an inert

at nosphere. 5 The process and apparapgs-for deconposing a

fl uorocarbon using the above-nentioned reagent wll be descri bed

bel ow. The deconposition treatnent of a fluorocarbon

according to the pxgseHl inleanttiue BBy diej Ay itk entount WX oxypssiadied
fl uor ocar bon-cont ai ni as to . be treated t hr qugh regactar fill
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wi th the reagent. e r reagent or t reaction
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at nosphere for thdntagsiicddomay asel i dadrpiaias dde oxy9gede i@ @ isrtunee
kind of the fluoregarhenniko@mPAse.34 from ftdispeifbel F0GaOIhd RPaust

hydr of | uor ocar bons (HFC), 20 hydrochlorofluonocargpniﬁéHCFC and -
chl or of | uor car bong35 to loweEClthe; (O SomcRhrasdoRp&di Q7% it

capabl e of isatposfsddller ity cdextaiylotiheg phieemmeaoine © fd eparhtisng con dheo

ki nd of the fl uorocarhons d the jnventors have, found, . testin :
t hat these quorog r 563s? hab3e PR REn? 5°xyg%%cbﬂ%5%#?€%ﬁo?én%ggétﬁPegasgs

whi ch beconeo | owefi hiighe CO concabhavretient iianeteoksdmnstheatdecomiasinayon
efficiency is high irrespective of the presen r C f
&go Pa Lk aghEbg Pﬁg@gﬁtsggrgg %% %dd%%f%% End URLIER

I n the treafmsit gas, Whi € because
reagent accordi ngges .t h&hgr exdausitngest wbicbohesi pasgedn t3Foughaltgl i net a

contaning an' ol kernalstobY! bkidiAGDARpAratus oY LB RHEAISH 0B o may
be sat i sf ach@ApPEenc aPFPERtAEN PRtAlRoR20RYdEARN§aRENBESHeRS, in Fig.

~the deconposd ti onimayaAbgafi@nengd¢ankagaoysky saapliad aupa?® of ithed eddaklsy
. oxi di zi ng at nosphere such as .in anéat spherel q hof a t reat.nme tdg%s
whi ch contains 0. 825t §S2BFOBY9GE| gRe the sampled exhaust gas is red”to a

gas analyer 25 through the sampling tube 24.
In the apparatuses shown in Figs. 1 and 2 the

atmospheric temperature inside the heating furnace 4 is

20 transferred to the reagent 2 in the reactor 1 by way of
the container wall, but the temperature also changes as a
result of the heat balance due to reactions and the
balance in heat capacity by entrance and exit of the
introduced gas and exhaust gas; consequently, by

25 inserting a temperature sensor (thermocouple) 31 at
roughly the center of the reagent 2 as shown in the
drawing, the temperature of the reaction zone may be
monitored by a thermometer 32, and the supply of heat
from the heat source 5 regulated so as to maintain the

30 desired temperature. In addition, temperature regulation
of the heating furnace itself may be suitably
accomplished based on monitoring of the temperature of
the internal atmosphere 6 of the heating furnace 4 using
a temperature sensor 33.

35 Thus, the fluorocarbon in the treatment gas

decomposes almost completely (with a decomposition rate



of oxygen. The concentration of the fluorocarbon in the

- 17 - - treatnent gas is not critical and a 100% fl uorocarbon gas
can be deconposed as nentioned bel ow in the exanples, but t he
treatnment gas may be diluted by an inert gas 9{ an oxygen- cont ai ni ng
gas. Thus, a desirable deconposition 5 tenperature may depend on the
kind of the fluorocarbons to be deconposed, the concentration of the
f 1 uorocar bon of haa&h%b@ﬁat WA eI3e h@%o&%%@t "Fatio?n ndf fé&%tgxm‘m
containing gas in the treatment gas, SV (superfici al vel ocity),

(i near veI00|ty)th?hé186ﬁépﬁl6ﬁ§t6fm?ﬁé 18n thgaseggeRg Fox QT aR other

gases, and the cogpesiitiheneardh metal FALBAUEL, hehhgag@ﬂzbvqe.@oﬁ;dﬂeng to the
present invention he SV i.s | eS|rabIe

i or exanpl e, .when
deconposi tion canfﬁﬁoﬁPF3F58& 85e%839rénﬁoﬁe%€ﬁﬁ89aﬁﬁrége eknaust' gas
Therefore, kg sui Rabl pfsehecCOngnt hbet pahbusg §hs magoradisbi bespxtikdzed to

deconposi tion treebnqg% éﬁe&giﬂé&g@af%%quﬁ?bﬁl ?? §é9£99u£0 he present

i nvention can be caf d out ency mn respect to
per f 1 uor ocar bons FégnsBsshpgsofnf embodimeand ofadbopmpasdtion
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wel | as hal ogenat e |'uor oc ons consi st car bon and
a hal ogen ot her tﬁﬁﬁmfﬁué?mhéonductoraﬁénﬁéﬁéﬁéﬁaﬂédPﬁ?é?éﬁluo?@@arbons

consi sting Qf fluékaearﬂsn Bydregeninear kantABdeanhakeygRsokhem than
fluorine. 25 The deconposition treatnent can be carried oyt on a

f1 uor ocar bon decoﬁﬁBéFPPSHCEBEaPﬁ?E§SEoﬁﬁrH§Pﬁ§aé Yed€tofFo a routine

processing step 36 via a tube 38. When applied according
to the present invention, the fluorocarbon supply tube 38
is connected to the treatment gas inlet 7 of the reactor
15 1. In the embodiment shown here, a branching tube 40
leads from the supply tube 38 through a three-way valve
39, and the branching tube 40 is connected to the
treatment gas inlet 7. A nitrogen gas supply tube 41 is
also connected to the branching tube 40, and nitrogen gas
20 is pressure pumped from a nitrogen gas source 42 into the
branching tube 40 in a flow-variable manner. Thus, even
when the three-way valve 39 is switched to reduce the
flow of the starting material gas in the branching tube
40, the necessary amount of nitrogen gas is still blown
25 from the nitrogen gas source 42, to thus allow the
starting material gas to be transported to the treatment
gas inlet 7 at a substantially constant flow rate.
Figs. 4 and 5 show embodiments of the invention
wherein a heating source is situated inside the reactor 1
30 and heat is transferred from the inside of the reactor to
the reagent 2. 1In these drawings, 44 is a heat-resistant
furnace material which is wrapped around the reactor 1, 7
is a treatment gas inlet leading into the reactor, and 20
is a gas outlet leading from the reactor.
35 In the case shown in Fig. 4, electrical heat-

generating heating elements 43 are situated inside the



filled wth the above-nentioned reagent, a treatnent gas I nl et

| eading into the reactor, a gas outlet for di scharge of treated gas
fromthe reactor, a furnace in 30 whi ch the reactor is housed, a heating
source for raising t he atnosphere tenperature in the furnace to

200[ err] C or hi gher, a duct connecting £Re"t r eat ment gas inlet and a
fl uorocar bon-contai ni ng gas source, and optionally, an exhaust gas
oxi di zer connected by a t.ube |eadi.ng,to the 3 S .

Fig. 1 shows an eﬂ'oaé%l/"a‘lrrreftn]tt!Lbioef(4 an’ ahp%ahreat ues'-;""feon?C 2 %%dc}rﬁéyﬁlegatolqu t%le(:"rm:"nts
process of the invieghtansn ceotsoradl it @ corrosion-resistarfe fheat-ramiistant
second aspects t hergaly | 15 ithies, YAMNGngl to this ichibdBictt [ 6RO is
(tube), which is filled with a reagent 2 conprising carbon and at

| east one al kal i n&rafiprrad from the dnnegy gavemd il gk agithideieassn:

earth metal and aty, 5t id ¢a8siMNe alKalhcr@isd! +thel empyradiren] fas e

t ubul ar reactor 1 standing vertically, and t e_re%pqpt 2 is held
over a fixed gas trdsH%IHISE Hferref9ehfe teitle dfsdred tempgratpre.,
reactor 1 may be rada eofalsicaintilndss zdineelheait doss. ni ckel -based all oy. 10

The reactor 1 is situated in %a@%atsilll%gvr; ulrnnel‘m%;_.s the im&deald ng, source
of the heating furnace shown i'n the dr wi'fg TS an el ectrical heater
5 with a heating eleawdor 1 is déiviidedgemcatees ildad dlagsir icdaltihg reagertte 2
tenperature; of nd NG JMHRRAC G SFOS RIRY \%f?@d'e%ir 4 d eradegid ed 15
tenperature with the electrical heater 5 while the heat I nsi de the
furnace is transf&Xeadneat 98sr dagapdugeg 4nto the reactor 1 flows through

the heating layer into the reagent filled layer. 1In the
heating layer, heating elements 46 for electrical heating
are mounted on reactor caps 45. The treatment gas passes

15 through the heating layer and receives heat which it then
transfers to the feagent 2. This embodiment has
advantages in that the electrical heater is placed inside
the reactor resulting in greater heat usage efficiency,
and deterioration of the heating element 46 is minimized

20 since the heating element 46 does not contact the reagent
or the reacted gas.

. Fig. 6 is a view of an embodiment according to the
invention provided with a heat exchanger 48 situated for
heat exchange, between the treatment gas prior to

25 entering the reactor 1 equipped with a heat source, and
exhaust gas which has left the reactor 2. The heat
exchanger 48 transfers the heat of the exhaust gas to the
treatment gas in order to recover the heat, thus reducing
the heat consumed by the heat source.

30 In the case of the apparatus of the invention
described above, the decomposition reaction is complete
once the filled reagent has been fully consumed. The
reaction end point may be determined based on the time at
which fluorocarbons or other fluorine compounds in the

35 exhaust gas begin to be detected. Once the reaction is
complete, fluorocarbons may be subsequently decomposed in

the same apparatus by employing a batch system whereby



the metal reactor wall. The heat source is not restricted to an

el ectrical heater so long as it is capabl e of raising the tenperature
of the furnace 20 at nosphere 6 to the desired tenperature. For exanple,
hi gh-t enperature gas such as conbustion exhau & gas may al so be used
as the heat source. Atreatnment gas”’inlet 7 is provided in the
reactor 1 situated inside the heating furnace 4, and the treatnent 25

gas inlet 7 is co y e t ai_n [
fl uorocar bon. TheIa %agﬁgr E§%i€§%92€%$% 1s"% %quﬁf b Qﬂé%%?ng ﬁg%ns 9
i f necessary, forlhea?dngded to reipditdetehdher aeagid agf. tli@'ﬂn@§ﬂbdarbon

gas inside the erf%?ﬁt%h@eba%chAs§EQﬁh@th%t@%ﬁkfﬁﬂdﬂ% kbrineral 30
provi ded 30 beF ween the container 8 and the gas di schar |n ube 10.

In the enbodlnentPﬂHrPﬁ@tYlofaﬁlH%}@éna@§§r@§Pﬁﬁ&ePa12be pos Q§4n¥Wogen

gas cylinders 13 asersepanat @lr)ﬂe@r Qv @ﬁ\ﬂ)lb@* a duala@dllltﬂc(hllntgo styh;&e(ﬁont al ner
8, so that once o ave .been fe

header 18 throughéggég§§%s g§a8|¥€ﬁ§Fg R F@%@§af€s i7 8&§r (ﬁ?qm flow
adj ust nment valvesréégehﬁ,ofhehélumhemaabparasutedstmepﬂeced anigde sthen the

and the nitrogen ?%§F ?PQQEELEr'%zsﬁgggwﬁgﬁ the Oxyf ow is ﬁggtched to

- 19 - uorocar géen gas
optionally be nmxehethehemnappaaﬁtes whﬂohaﬁﬁetup@athhNSlng a gesiginxed at

the header 48 is &ﬂg hntamt}e | EbARIABBLSOBE 4 termreltew f%fedtll?l% bgagher 1
t hr ough the gas fee . AF ternatively to thi's
" enbodi nent , the fFﬁéB@EérbBﬁo the reaﬁﬁerogéﬁ SRAtARYGES HﬁylﬁéeﬁﬂéﬁFﬁé& as

a mxed gas and removal of the used reagent from the reactor, long-term
continuous operation of the same apparatus is possible.

Fig. 7 is a graph showing the relationship between

15 trichloro-trifluoroethane (CFC-113) inflow volume and
CrC-113 decomposifion rate, similar to the comparative
examples which follow, wherein, for decomposition
treatment of CFC-113 having chlorine as a constituent,
the CFC-113 concentration is 10 vol%, the gas flow rate

20 is 0.15 liters/min, the C/Ca0 molar ratio in the reagent
is 1.67 and the reagent maximum temperature is 800°C, for
oxygen concentrations in the treatment gas of 0% and 10%.
The decomposition rate of CFC-113 will be described
later, and the CFC-113 flow amount is the cumulative

25 amount of CFC-113 (g) which has flowed to the reactor
until reaching the'corresponding decomposition rate. The
results in Fig. 7 show that for decomposition treatment
of chlorofluorocarbons which have chlorine as a
constituent, the presence of oxygen in the treatment gas

30 drastically lowers the decomposition rate.

On the other hand, Fig. 8 is a graph showing the
relationship between perfluoroethane (FC-116) inflow
volume and FC-116 decomposition rate wherein for
decompesition treatment of FC-116, the FC—116

35 concentration is 10 vol%, the gas flow rate is 0.15
liters/min, the C/Ca0 molar ratio in the reagent is 1.67

-and the reagent maximum temperature is B00°C, for oxygen



prepared in a single container-for feeding of the m xed gas directly
into the treatnent gas inlet 7, or the nitrogen gas may be fed into
the container 8 to 10 forcefully feed the fluorocarbon out of the

cont ai ner, whi | e addi ng oxygen gas along t he di scharging tube. In

any case, preferably, the oxygen gas feeding Abe may optionally be
connected to the container 8 itself or to the tube running fromthe
cont ai ner 8tothetreatnet s inl 7. |on an
exhaust gas duct PN ctornanecotnesd ]’tnq: © tmtahtme s[Ieft 02% "ﬂ}&t e Teactor
1, and this exhauglr@alsar to Extmple2ll mmm édath‘ﬂa HWeladg eirs alfdw ptasn
bot tle 22 W dcp. Gl PREfIH Whe Sk SRNAIGH REAURS D o Zhat

sanpling tube 24 is connected to the exhaust gas duct npl ed
exhaust gas is.fe®% &i@ gds &RASPLertips the tItWWT%@d%ﬁﬂqgfd‘ac%élsﬁﬁ
Fig. 2 showssanot hgy taieblgrertr \Metdbnﬂd’bsei)ﬂl&ﬁﬁtlsg&%placed axith zi ng

apparatus 26 connected to t exhaust ct. 25 21 for_ exha

di scharged from t B€% fgm,e'{% Tn %us}lo“ifé’serdxﬁd} zcior{ﬁz fﬁ;{artﬁg@e%

I s designed so thatase in Ealgasﬂa,nttlrml IQectdmpcmmIturom areenti sofd repdtaiestl lgas
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the catal yst | ayer ljed ?’lyls h% v%iﬁ%t%%nan %ﬁ?g”%"%‘ %y%h cgct)é%lr t%{ vt\;:rbdan
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heat - resistant carrier, or ‘a hopcalite cat st. An Ox%éér(]
inlet tube 28 is aherecdheedeading ciySi@ds iGxPgeec @nt headsng Bdust gas

before it enters Ehecrhaugl HeatedXlad 2ck@rding tRPEHaRpI® 26, a3 20 DY
adj ustment valve 29 in the .
microwave heating. The reaction conditions were, in both
cases, a fluorocarbon concentration of 10 vol%, a gas
15 flow rate of 0.15 liters/min, an oxygen concentration of
10 vol% and a C/CéO molar ratio of 1.67 in the reagent,
and microwave heating was accomplished using a reaction
apparatus with the same capacity as in Example 1
described below, except that the reaction tube was made
20 of a microwave-permeable ceramic material and situated
inside a microwave-~irradiating applicator.

As demonstrated by the results in Fig. 9, when
heating was accomplished with an electrical heater, the
maximum temperature of the reagent in the reaction tube

25 was maintained at 800°C from start to finish, and the
decomposition rate was near 100% up to a cumulative flow
of the FC-116 of about 40 g, falling to 95% when the flow
amount reached about 55 g. With microwave heating,
however, the decomposition rate began to fall and the

30 reagent temperature could not be kept at 800°C when the
FC-116 cumulative flow reached about 20 g, and the
decomposition rate and reagent temperature fell
drastically thereafter. Specifically, when the FC-116
cumulative flow reached 29 g, the decomposition rate was

35 95% and the reagent temperature was 600°C, and both fell
drastically thereafter, making decomposition treatment

‘impractical. This is believed to be because in the case



- 20 - oxygen inlet tube 28 adjusts the anount of oxygen added

to the exhaust gas fromthe oxygen source 30. A tube 35 i's provided
for introducing nitrogen gas 34 to the exhaust gas duct 21 upstream
fromthe point of oxygen 5 i ntroduction, and by introducing the oxygen
after mxture of the nitrogen gas 34-fe8nrthis tube 35 with the
exhaust gas to lower the CO concentration of the exhaust gas, it

is possible to control, the phenomenon of conbustion of CO. tg CO2 at
t he point of oxyge‘#i"l‘l’tcr’ﬁmfg‘fer ANy T 7R (Oe‘iﬁecl‘ﬂ“b]nlwalobon) 1s
concentration in tdeidddelddy gasygerAiin nehe treatnsdrsto dees usemk asg the oxygen

source 30 added to. the e;imu . S.. ;lhe qmgugi i t‘]?§ passed
t hrough t he exhaust gagooﬂacfinzfi%gn atphpé;lrlarf us IS’ %%%Wne?% 0 a ¢
hal ogen absor pti orfdsta |lomp gex idee widie aneowayvd hegging s 1. A

sanpling tubg 24 for sagg%[n{ﬂ]ga g part of the exhaust gas is- provi ded
and the sanpl ed exhaust gas is fed to a gas _analr?/e,r 25 t hrough, the
sanpl i ng tube 24. - The prqges@LHfds RN SHIWETH-9% &8s © o (it

at nospheri c tenpenaife dmspaidisheridat) dme s ad prihcipla astsdvat rad
to the reagent 2 in the reagtaqr .1 by way qof . t he .cont ai.ner, t
the tenperature aIEgltg'cﬁHngg@‘aas Fean a\qségcsetﬂjtteofsﬁaf%@]?weesaﬁ 4 ea]h\(,:\@[&ﬁeé)‘tl)o
reacti ons and the reactidvaltarkee wirthheat igapgacidiangtesntafaride randcarekia of -
t he i ntrodu as; , i i
b ced, oaﬂ‘%%'ﬁgf%«?% }nscé%%ﬂ:fig.u'&'ig #’yt}{% #ial d £ 1d

a tenperaturé sensor {thermocoup ' _ e center of the
reagent 2 as show® itwihnHar furnageaviedgc tiie ale ge@estitie A0 Y raminrad

zone may be W OHRG R A etlfé%{e’mtk%rnt?h%l_ ANd dy)e pad wrpf heat
fromthe heat source 5 regulated so as to nmaintain thé 30 desired .
temperature. | n &@AGEFaL AaFddacur @ndeglisagester of tdye (fgrnacs iingpide

:fﬁrnace itself mi?t}ﬁe@iﬂcttﬁ.@nYtube vvla%cqqmlléﬁshﬂctélba_fsmr?orbﬂmatqm}mg of A
the tenperature o , the I nternal atnosphere (0] e, heatln urnace
S S ¢

usi ng 13 { enPA RGeS OFEHP TS ugsng 5 SCarsth in

the treatment gasmaterials. The reagent was prepared by combining char
with a maximum particle size of 250 um and slaked lime
with a maximum particle size of 250 ym in a weight
proportion of 1:3, mixing with a Henschel mixer and
20 adding water for granulation, and then drying at 110°C
for 4 hours and heating in a nitrogen atmosphere at 800°C
for 8 hours for dehydrating and calcining, and finally
crushing the resulting calcined product into particles
(pellets) of 1.4-4.0 mm. The raw char material consisted
25 of 78% solid carbon, 9% volatile components, 3% ash and
10% water, and the raw slaked lime material was the
standard product of JIS R9001. The prepared reagent
pellets were analyzed and found to contain carbon (C) and
calcium oxide (CaO) as the major components, in a molar
30 ratio C/Ca0 of 1.67. A thermocouple was inserted in the
center of the filled reagent, for measurement of the
temperature of the reagent during the reaction.
Pexfluoroethane (C,Fq) was used as the fluorocarbon
for decomposition and, as shown in Fig. 1, oxygen gas was
35 added to the perfluoroethane while nitrogen gas was
introduced into the above-mentioned reaction tube as the



deconposes al nost conpletely (with a deconposition rate

- 21 - of near 100%, while the deconposed fluorine reacts with
the alkaline earth netal in the reagent to form an al kal i ne earth
metal fluoride, thus renoving the quogﬂgarbon or fluorine retained
I n the exhaust gas. 5 Al'l of the COin the exhaust gas may al so be
oxidized to CO2 by the exhaust gas oxidizing apparatus 26.

Fg- 3 shows an enbodhigp! ObndeepURERLhLCas flow HAEA!HENL,ACCRIALNGaLO

the invention for uor ocar sem conduct or nmanufacturing
process. The 10 keptorocaksdh 3¥ @ohﬁalhéﬁrﬁﬁm%ﬁe eRfadsteghs fW@ﬁrthe5

sem conduct or procseéxseléoﬂ@un@tédilxyhigg éﬁ’aﬁgiﬁ?(gltd:ﬂ?% the aﬂﬂb@ﬁeséfngx§§éﬁ
36 via a tube 38. Wen $%%|ed aCCfi e resen% Eéentlon
the fl uorocarbon s@%ﬁl?g e 351 @ OFStE%nﬂ%%?%d thet ABOPPEaPhent gas
inlet 7 of thhe reagl@brd®arbod. inl thé hEreahadnﬂE@as shasnképt ecoas baancht nyo

tube 40 | eads SHP 38 through a r v
39, and the branchY%%étub%PEO ?sg%%nn%% edw?ﬁetﬁogduCtég 8% %n%% ggé%g nl et
7. A nitrogen gas cuppeyttiubetidd heating ebémentotmetnedinbredecbianchf nghe

tube 40, and nitr0geD. GAsy20as | Snd! ESTEI FnPHIPERaE T ONR Ac OhbESER: 838:. the

source 42 into the ching t 40 1n a flowvariable manner. Thus,
even when tH"ee’tl‘FFF’ééJ@va‘;/h‘?/a’r’%%g%@tl}éa%vﬂ?‘?%%}é%ldt%oﬁ’e@lucemﬂﬁé“g the f| ow

of the startipng meteddedoNaSthd &herdhansdié r@oﬁﬂb@ned to46het bgbRESLSSAry
anount of nitrogen_gas is still bl own, 25 romthe nltrqgﬁ g& source
42, to thus all ow tHenace so 33,9 H&a%’f%’r’f‘a‘? b%rgp?ﬁa1b‘ér€fr P ted%o the

t reat nent measured by the thermocouple inserted in the center of
the reagent (the position of maximum temperature within
the reagent mass). This maintained reaction temperature

15 will hereunder be referred to as the "maximum reagent
temperature”. )

Part of the exhaust gas discharged from the reaction
tube, as shown in Fig. 1, is continuously sampled and
directed to a gas analyzer, while the remainder passes

20 through a fluorine absorption bottle filled with a |
caustic soda solution and is discharged out of the
system. The exhaust gas was analyzed for fluorocarbons
in the exhaust gas, as well as fluorine compounds, O,,
N,, CO, and CO. Gas chromatography was used for

25 fluorocarbon, 0,, N, and CO,, a CO gas detector tube was
used for CO, and ion chromatography was used for the
other fluorine compounds.

Table 1 shows the reaction conditions and reaction
results for each of the tests (Nos. 1-5). The

30 decomposition rate after 30 minutes, the fluorocarbon
decomposition amount and the reagent Ca0O consumption rate
shown in the reaction results column in Table 1 were
determined in the following manner.

Decomposition rate after 30 minutes

35 The amount of fluorocarbon remaining in the exhaust

gas was measured from an exhaust gas sample taken after



gas inlet 7 at a substantially .constant flow rate. Figs. 4 and 5
show enbodi nents of the invention wherein a heating source is
situated inside the reactor 1 30 and heat is transferred fromthe inside
of the reactor to the reagent 2. In these drawings, 44 is a

heat - r esi st ant furnace material which 4 s2%wapped around the reactor

1, 7 Is a treatnment gas inlet Ieading into the reactor, and 20

is a gas outlet |eading fromthe reactor. In the case shown in
Fig. 4, electrical 3Aefnutes fr@@néhﬁtﬁﬁ@rﬁeaflﬁbeeréﬁﬁﬁﬂ§“433&9ew§§tuated
i nsi de the expressed as the ercentage of fluoZdcarbon in thkayer
filled wth the rea eatin ar.e ggvered

with a corrosion- r@gﬁgPﬁ tgaﬁegfgﬁe§F§P§ﬁ? Bo°TRE' 2698F°C§FH88 +8&cE8Pdi ng

to this enbodinenttrheamen§ gas. transferred fromthe inner layer filled
W th the reagent 5 giubko&EFB8§5hQ£8mg8§FQEESaéﬁoLH€ (g) .

t enper at ure- €l evating o e desired

t enper at ur e, whi Thial £ whai aveuny déaflhesecarbon decompoggdt hp to

case shown in Fig.tRe the ?8§h9909ftﬁgereactloﬁeacfﬁé tehecdbyi dad pBiAtais
filled layer of the reagen and a heating |layer, and _is_designed so

that the treébﬁeﬂ?lﬁﬁsaFnVPbﬂﬁcEHelﬂ?%°¥H%5%Eé€PoFaEefFB&%StHPoﬁéﬁ

the heating |ayer TR&0déb6m 6§Q€ﬂénfréf§dléa&@ferﬁﬂnéheevery 3beﬁlhﬁﬁes
| ayer, heathp el epent s electrica

react or cap§'45 T EOTrBE?n%ﬁ§a§3§ %3§s%§a? sis ?ﬁ}ﬁﬁgﬁv?ﬁﬁ H@a?ﬁﬂﬁt?ﬁye?nd

and recei ves heat twhecamounthefi decompts avsderduting heheedfgemintedhiis the
fg??ggnent has val3QVEPt 8RESahSuhfal £ t PEuELSCAELSR! £16RLRE 1R BL8E§T30
minutes multiplied by the decomposition rate at that
time, while the fluorocarbon decomposition amount (g) is
15 the cumulative value for the amount of decomposition up
to the time at which the decomposition rate falls to 95%
from the start of the reaction.
Reagent Ca0 consumption rate
This is the percentage of Ca0O in the reagent

20 consumed up to the end point of the reaction. The

consumption of CaO is assumed to occur by production of
CaF,, and the cumulative amount of fluorine bonded to Ca
is determined from the cumulative amount of fluorine in
the fluorocarbon decomposed up to the end point of the
25 reaction and the cumulative amount of fluorine detected
in the exhaust gas, and the amount of CaO consumed up to
the end point of the reaction is then calculated.
The results in Table 1 show that for No.1l in which
the oxygen concentration in the treatment gas was 0% the
30 decomposition rate after 30 minutes reached nearly 100%,
but the amount of fluorocarbon decomposed up to the
reaction end point was 13 g, whereas with higher oxygen
concentrations as in Nos. 2-4 the decomposition rate
after 30 minutes also reached 100%, while the amounts of
35 fluorocarbon decomposed up to the reaction end point
increased to 31, 51 and 52 g, respectively. When the



the reactor resulting in greater heat usage efficiency, and

deterioration of the heating elenent 46 is mnimzed 20 since the
heati ng el enent 46 does not contact the reagent or the reacted gas.
Fig. 6 is a view of an enbodi nent accordi ng tg t he I nvention provided
wi th a heat exchanger 48 situated for ~hé8t “exchange, between the
treatnent gas prior to 25 entering the reactor 1 equipped with a heat
source, and exhaust gas i.ch has |eft the reactor. 2. The heat
exchanger 48 tr ansPEET 176 Ceeaﬂ\,gnrocht%ne EXhaust glalsg aeo“;t seZln l\rb'i]’r 2ta Srent

gas in order to resowrt tdfe flemrodanisn ethasingpsed up tte Heatraportsiored g
the heat source. 30int was JdhdiBCaudll thAAPPUAUSP LY hend RepNt i on

descri bed above, e deconposition reaction is np once t he

filled reagent hasewsaremanty famdated.3 B 4, No (adthigih dif gointgnantare
deternined bgsed @idui 'dfM®:digen addiWlich) fHatOr0cafNs: Andifterod latrime

conpounds in the 35 xhaust ‘gas begin to be detected. Once the reaction
i s conpl et et ﬁﬁ&ﬁ%ﬁ?b@ﬁ% TP H& % drsequent | y deconposed i n

t he sane apparatus by ewamplien@ a batch syst em wher eby

- 23 - oper at i f appana i e t

Is reloaded to reiniti aT%%t%he(wrg_%dc{%i ?ﬁ. %%eoggiﬁ%?%%%rﬁ%é:%éﬁem%er
bat ch systemin aasodeiseuddedrdm@xample 1, exgaptalfary mFindiainiag a

- apparat uses, gray b%om%'awé%%g,ﬁle@ cdncent¥atido R £015d845 1190 MY & Mident
swi tching system esi gried so that while one apparatus Is operating

t he r eagengasf aple UGHRGr reggendsuyitd défifssedt L{Fathaware ratios.

The mixing ratios of the char and slaked lime were
varied, pellets prepared in the same manner as Example 1
were analyzed, the amounts of C and Ca0O in the pellets
15 were measured, and the C/Ca0O molar ratios of the reagents
were determined féom these measured values. The test
results are listed in Table 1. These results demonstrate
that the decomposition amount up to the reaction end
point for perfluoroethane is influenced by the molar
20 ratio of C/Ca0. 1In this example, the best results were
achieved with a C/Ca0 molar ratio of about 1.7.
Example 3
Tests were conducted in the same manner as described -
in Example 1, except that perfluoromethane was used
25 instead of perfluoroethane. The oxygen concentration was
changed to 0% (No.10) and 10% (No.1ll). The test results
are listed in Table 1, and demonstrate that in this
example as well the decomposition amount up to the
reaction end point was increased considerably by the
30 addition of oxygen. |
Example 4
Tests were conducted in the same manner as described
in Example 1, except that trifluoromethane was used
instead of perfluoroethane. The fluorocarbon
35 concentration and oxygen concentration were both
maintained at 5 vol%, the gas flow rate was 0.12

‘liters/min, and the reagent C/Ca0O molar ratio was 1.67,



first apparatus is suspended the gas flowis switched to t he ot her

apparatus. In addition, by using a design 10 whi ch all ows conti nuous or
intermttent feeding of the reagent into the reactor and conti nuous
or intermttent renoval of the used reagent fromthe reactor,

| ong-term conti nuous operation of the sahkt apparatus is possible.

Fig. 7 is a graph show ng the relationship between 15

trichloro-trifluor n 3 R W

deconposition rategﬁéIig ?lQQEQé%{ %aklﬁhﬁ fggégH% %gﬂgeratPrggwﬁ%%% PoFFow
wherein, for deconﬁUQStléﬁ 17). Fh@atﬁéhtr@ﬁutFﬁ-1lstﬁ§vﬂngTéhﬂ@rﬂne as a
constituent, déﬂ8n§E§é%é3tEQEC@HéBakhenmb§1$QmV9E%§eh@etQﬁ%eEEQW&Ea%Qs

20 is 0.15 liters/mn C/ CaO nolar ratio_in the reagent
1.67 and the reageﬁ?sﬁaﬁhﬁﬂnﬁpgnﬁer5?8r€9F§m896B§FPPCraF8rafter 38x?@@ﬁtes
concentrations in i/hse nbeatﬁaatagaﬁhéftem@aﬁdtﬁ9&>1ncreas$hetdeaoaﬁosDUPana

f CFC 113 .l _be d C-113 fl
[gt ?hg currul at i v\ém ﬂg epg%%%ﬁgn FaEECOEﬂe?ﬁ) 1\%ﬁ Haﬁagcgll&‘/\’ﬁ t Oo;/vhgm)unt

reactor . until reaChinpgrahéveoErespdadi ng deconposition rate. The
results in Fig. 7 Sho“’&E%EhRQEOQFE?T98§bE£HQnEre@hﬁ@ﬁthas ch18£1 e as a
chl or of | uor ocar bons whi ch have chl ori ne as nstituent ﬁ

presence of oxygencPRSEREUBREat RAt PHA%ided fOHré@FPEBPFytPeﬁeF§eFHEent

deconposi ti o rat eaccording to fRetM&nAbhedebapibeli §n BxhﬁF&egnaphTEEOMﬂng
t he reIatlonshlngetmeggqgerfluoro&thane FC- 116 ol une

and FC-116 deconpoSfRFbhCPat E+@RH fp¢ react aﬁcﬁﬁﬁé%#?lBﬁet}éﬁFﬁgn%nof
FC- 116, the FC—116T351e 1COﬂEﬂnthﬁ§IOﬂse$ &Bevdé&bmpbelgaenfhmmuﬁateass

0.15 liters/nin e ar ratio in th eage i§réag£e
“and the reagent na?F%ﬁﬁ?fe %?a?ﬁ¥% PsW8noPRkPES ?8? 6§ygéﬁ nt gas
(Comparative Example 1), while the decomposition amount
15 was reduced when oxygen was present (Comparative Example
2). "
Example 5
Perfluoroethane was provided for decomposition
treatment under the same reaction conditions as Test No.3
20 of Example 1, but upon adding oxygen to the exhaust gas
(CO concentration: 20%) after adding nitrogen, as shown
in Fig. 2, it was dirécted to an exhaust gas oxidizing
apparatus 26 and passed through a catalyst layer 27 (Test
No.18). The nitrogen addition rate was 5.0 liters/min,
25 the oxygen addition rate was 1.5 liters/min, and the
catalyst used was a commercially available product (Nikki
Kagaku, KK.) of alumina carrxying 0.5% platinum. The
results in Table 1 show that the CO concentration in the
exhaust gas reached 0%.
30 Example 6
Perfluoroethane was provided for decomposition
treatment under the same reaction conditions as Example
1, Test No.3, except that the reaction temperature was
700°C (Test No.19).. The results in Table 1 show that
35 although slightly lower compared to No.3 which was at
800°C, the decomposition was still adequate.
Example 7



- 24 - concentrations in the treatnment gas of 0% and 10%

simlar to Exanple 1 described below That is, the case in Fig. 8is
under the sane reaction conditions as that of Fig. 7, except that
the trichloro-trifluoroethane used 5 %@e gas for deconposition is
replaced with perfl uoroethane. In Flg however, in contrast to the
case in Fig. 7, the deconposition rate is drastlcally | onered by the

absence of oxygen in t
zbetéétg%égargo cted n Fsé';u,i: %;A @%COITDO??'[I s le 4

showi ng the difference in per Loroet h ane
rates for cases excepifidiat thel MTW@QW¢%t%%%d(MzﬁehtW% ysedn
el ectrical heater; ﬂﬂﬁ; I m Ck ve
heati ng. The reac€%§ﬁ§§g35 f?%hs wer e, %? 5) %q§%§é§b LO)IuoPg%grbon
concentration of maxxmnm@r%aqﬁxpmfaccekemﬂvqgutﬁmﬂexﬁugr¢|h%¢%/m@ﬁ 3ah°C
oxygen concgnt ratT}QQ xcgsults 1&%&@1&?%@»\1 QI@@M@L‘O dﬁééPthm r@t?e'@f
t he reagent, m crowave heating was acco | i shed using a reaction
apparatus with tHEe%%nJé)Q%ﬂ%Rﬁ tachieved BrgmIat 1350°C. descri bed bel ow,
except that the reaction tube was nmade 20 of a m crowave- perneabl e
ceram c material and situated inside a mcrowave-irradiating
appl i cator. As denonstrated by the results in Fig. 9, when
heati ng was acconplished with an electrical heater, the maxi num
tenperature of the reagent in the reaction tube 25 was nai nt ai ned at
800[err]C fromstart to finish, and the deconposition rate was near
100% up to a cunul ative fl ow of the FC-116 of about 40 g, falling to
95% when the fl ow anount reached about 55 g. Wth m crowave heating,
however, the deconposition rate began to fall and the 30 r eagent
tenperature could not be kept at 800[err] C when the FC-116 cunul ative
fl ow reached about 20 g, and the deconposition rate and reagent
tenperature fell drastically thereafter. Specifically, when the
FC- 116 curul ative flow reached 29 g, the deconposition rate was 35
95% and the reagent tenperature was 600[err]C, and both fel



drastically thereafter, making deconposition treatnent | npractical.

This is believed to be because in the case

a

- 25 - of mi crowave heating, the reagent_(especially carbon) is
oxi di zed by oxygen in the treatnent gas, makingTit* ~ i mpossible to
mai ntain the intended reagent tenperature for a long period with
m crowave heating. 5 Exanple 1 The process of the
present invention was carried out usi ng an appar atus based on the
same princi plEeTshown i[n fg] T. [Thafy [s] anjapstehife qtdinl gss steel
( SUS304) reao‘fiicn tybe wifhian iinpet @i ampter}of R8| nmland |a |10
| ength of 10(40 mﬂg WS Lnsgryed aLong the. axial, teNL B [ Ofo | o (o (B [LYbular
furnace (el edt rigc@ly &’qgctgl £YS 2<°*®)8fﬁt&r@t 21912 (M3 2 phe@tRe el grent
(kant hal al | qy) Hbgzgd on ¢l ectrijcal {heatihg; anf fhe cqntler] gf the
furnace insiqgels tthe reacti onitybe was 1itl ediw th LOD g |ofl rledggent {15
particles prep’Led uQIn_ aghar tand}s] ed lipelas tal ma-t-éua.l.s_lbk
reagent was gregpaced Qy {cqnii ni ng chaf M T hi al mpx] mum gdarijt ifclfe si zge
of 250 gm ang sla-'l‘ied lji e wift Taxi pum paf t cl.ef.s| ze rQf 454 gmipn
wei ght pr@partlc‘@ oo 1535 Bl Xi|BYS y& 1B &'\Ha?\a'&ki?e\gh xer (@@ ({30 o
addi ng wat er fqe o Yranylatilane. a'rpd £ he v gk Yot g |-al— }-13{ i [ Ca ||~ [Bar 4
hours and heotlg@qp a nitlrggen|at m}sphere Pt 8p0+err e flol & hours
for dehydratijng~gad cql ¢i ni ng,| &and {inall) Crushihgl t hg rlequliti ng
cal ci ned prOCUct I nt o [par {1 ¢T ¢s (pelTetg)[of L.B-4.0 mn [THe [raw clhar
Tt erha conq queg 231 adh Aoeach i spnbein 9 wolseld o) epTmgam s 3%
ash an al6 T ESlolololololojolo|olojololo]o|eololojo} o [olole o
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10% water, and the raw slaked Iinme material was the standard product

of JI'S RO001. The prepared reagent pellets were anal yzed and found to
contain carbon (C) and cal cium oxide (CaO) as the nmjor conponents,
in a nmolar 30 ratio C/ CaO of 1.67. A therrméo%?pl‘e was inserted in the
center of the filled reagent, for neasurenent of the t enperature of
the reagent during the reaction. Per fl uor oet hane (C2F6) was used
as the fluor-ocarbon for deconposition and, as shown in Fig. 1, oxygen
gas was 35 added to the perfluoroethane Whl | e ni trogen gas was
i ntroduced i ne-the—gboverngntiropeg—reactiontjubg—asth PL
- 26 - Sarrilerl. [The tjreat prent a-sflqw ate |at| thig tj me vas
kept const ant w @ 15 Iitpr [ mion Enc tests {((Nps| 1-5 herje
conduct ed whiil ab@aﬂging pnlg th nmgunt pf Joxygen gds dﬂec.o I nf alll
of the cases, the.aamﬁ'unt DR | 5 1IHonrocarbor1 Ih thg treatment gag \q\as
kept constant 3 _ vol % of hFQests I 6 conaiucte Dy
initiating gé’urrent 0|t he heati|ing el eyent duking jntrqgduction of {he
treat ment gag, and conflirfri g |thiat |t he ft eprper dt uf e|at| the cent gr  pf
t he reagent RadTeactfed 8pOferriiC. [Dgrijng] the |[T0 rleactforf, the qurjreh
was controlldd [t o he tlubpl %r flurinagce {sd ap to (maf ntaijn @ 1erh:>era urfe
of 800[err]Clas] & meagufed by the thefnmpcgup| e|insertedl|in|the|center
of t he |r dagent |(tlhe| posijtilon|off nax| mim|t eppér gt uf e wit hi n he
' reagent nass). igsgrrgirﬁagrﬁgc«mf achion o paperfat ir¢ 15 (2 iwifld [ herpegndersbe
referred to as tzhg.*”rmxi nmum| r gagen| t enper pt 4r g" Q;T
50 @
wlo o
2l 0O
—id O
13
[
SR
— o 3
. o 2]
g || @
S |5|<§
SRR AT Bl =R =R D 1= full 0 b B Ll b gig|2|alain| |8
— o @
® & 8
2 R
S 0
o] — @
[N ~ o
[
Fo]
o u
LS 1]
S
c 3
Sﬁ’_\ © o |~ o)) o
-‘:ENO\G\O\O\O\I\'O\O\O\O\QSO\\T\D.U'!Q\ONO\O\O\O\O\\D
w o™ o o "2 o
O™
[s 9
g .
o w
[&
@ W
a o«
s Pl Rl IR E R R R
~ =
@
—~ . vy W~
E. —f o~ 52} ~ o -
5 : ¢ E 2 |snln|x




Part of the exhaust gas discharged fromthe reaction tube, as shown
in Fig. 1, is continuously sanpled and directed to a gas anal yzer,
whil e the remai nder passes 20 t hrough a_flLyorine absorption bottle
filled with a caustic soda solution and”is discharged out of the
system The exhaust gas was anal yzed for fl uorocarbons I n the exhaust
gas, as well as quoriEggga rg:)cgunds 2, N2, C2 and CO. Gas

chr omat ogr aphy was used 25 fl uorocarbon, @2, N2 and C02, a CO

det ect or tube was qjggdaqe(ﬁs 8 TR BERFLHr oIy AR S AR d?rUt
the ot her fJdiqlg g GPRAWIS based on theTaﬁn% psiip tdhesHRactipn
conditions and reactlon results for %1 q§é%}sts frgg% 1-5). The
30 deconposi t ifdr¥ - rare artedr ¥o @ rﬁﬁaé:s}:lcfrhe st O

deconposi ti ®n anuHadenthrk)e wigdgent iGa@rcehsurgitdomf dtte mm and showmgth

[he eaction reoWd S Gt Uhd Rkl MOS che wASLEIING gk G ubular

“follow ng nmanner. 03|t|on ate 0 mnutes 3
The amount of fl Lforra@a:rebdrelregm‘wadg dapadidyexhdudt KW) equjppethyitdasur ed

froman exhaust gR%S3APlA RN @adrhal alloy) based on electrical
- 27 - 30 mi ndtes fromthe start of t'he reactiagn, and was

expressed as t he NS&tddagedbfthe G&deH 19dn the dgnace insdge, fdie gas with

respect toighe fli@cagambambenwake filled Wingaty®wNiofgas redyent for
Fl uor ocar bon decorrp03|t|on anm%rl &%) This is the anmount of
f1 uorocar bon decSRTETRYSARG & T1UOTUCATLON g noint of the reaction. The

- reaction end point isThe reagent was a granulated product prepared by the
following procedures using char, slaked lime and
potassium hydroxide as starting materials.

15 Char with a maximum particle size of 250 um, slaked
lime with a maximum particle size of 250 pm and potassium
hydroxide were mixed with various proportions, water was
added and the mixture was granulated. Then, the
granulated mixture was dried at 110°C for 4 hours and

20 heated at 800°C for 8 hours for dehydrating and
calcining, and the resulting calcined product was
subjected to dressing of grain to obtain pellets of a
maximum particle size of 10 mm and an average particle
size of about 3 mm.

25 The starting char consisted of 78% solid carbon, 9%
volatile components, 3% ash and 10% water, the starting
slaked lime was the standard product of JIS R9001, and
the employed potassium hydroxide was a first class grade
chemical. The resulting reagent pellets were analyzed

30 and found to contain simple substance carbon (C) and
calcium oxide (Ca0) as the major components as well as a
minor amount of potassium (K). The atomic ratios of C,
Ca and K or these reagent pellets and the total weight
(in %) of the components based on the weight of the

35 reagent are shown in Table 2.

Perfluoroethane (C,Fs) was decomposed in the same



the point at which the deconposition rate falls to 95% The
deconposition rate is determ ned every 30 m nutes 10 fromthe exhaust
gas anal ysis value every 30 m nutes, and t he amount of deconposition
during the 30 minutes is the val ue of~tht amount of fl uorocarbon
flowng in every 30 mnutes nultiplied by the deconposition rate at
t hat time, while the fluorocarbon deconmposi.tign _anmpun gl,is 15

the cumul ative val'G8"F&r *thE°] SﬁFdoﬁ“dgéSW§§§iBroﬁX685% tka&tghfhe time
at which the deconpesiieot gasefflaivl sate 98% 0.17 lfitem/mha,sthet ambunlteof
reaction. £1uoRBRIEBbNCAR ERRSYPRLERABAEALSS was 5 volg!Nhafidl Enkhe
percent age of CaO %Hothe reaaent 20 g%onsu#edEuS rgsthevgnd'pgﬁnt%g t he
reaction. The  temPesAsuxpt PSntbP EROLPE 8fsthedredIsdtur -By (pitd&ucti on

of Gk, anflakhfumurehgbhvetampaphtalef ter 7ogcbonded to Ca i's
determ ned fromthe cupul ati ve annunéngt fluorine.in fl uor gcar bon

deconposed up to the en8SpSPAETSPtH St1°“Fe§@?ﬂ8xe§nanghgﬂguﬁﬁFSFF9B

anount of fluorineedallest ad measured thetazhaamt gasneandst henatounet @h CaO

Consuned up Lo ranbl, STAFRORRbGR' h"FeTACH g BabRepcal ekt

The results in Taple Show e oxygen
concentration in (Nestr2atned?)gas was 0% the 30 deconposition rate
after 30 m nutes reached nearly 100% but the anobunt of fluorocarbon
deconposed up to the reaction end point was 13 g, whereas w th higher
oxygen concentrations as in Nos. 2-4 the deconposition rate

after 30 minutes also reached 100% while the anounts of 35  fl uorocarbon
deconposed up to the reaction end point increased to 31, 51 and 52 g,

. respectively. \Wen the _ . - 28 -



oxygen concentration was even higher as in No.5, the

fl uorocar bon deconposed up to the reaction end

| ower. Al so, as
whi ch had the gr
of COin

Tests (Nos. 6-9)
Exanpl e 1, excep
5 vol%in the tr
nol ar rati os.
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anal yzed, the ai
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CalcC
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Ca,
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LV
cm/

680 [0.85 1/1.56’(:’25-?4(2.(&.!;&1(1

680 {0.85/1/1.561/08025]| © 798

680 | 0.85|1/1.5
291 |0.85|1/1.56

sV
Hr-1

291 [0.85]1/1.56 0. 0% O
291 |0.85|1/1.560

291 |0.85(1/1.

Gas
rate
1/min

0.17
0.17
0.17
0.17
0.17
0.17
0.17

Reaction conditions

concent- |flow
volZ

Fluoro- |Oxygen
volzl

carbon
concen- |ration

tration

C,Fg
CsFs
C,Fy
C,Fg
CyF

Fluoro-
carbon

C,Fy
C,F¢
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22
23
24

Test
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25

26
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Ex.
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s 15 wer e measured,
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d 10% (No. 11). The test
rate that in this
he reacti on end point
of oxygen.
same manner as descri bed
sed i nstead of
ation and oxygen
| % the gas flow rate was
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liters/mn, and the reagent C/-.CaO nolar ratio was 1.67,

- 29 - whil e di fferent maxi mumreagent tenperatures were used
(Nos. 12-17). The test results listed in Table 1 denonstrate that
when the maxi numreagent tenperature was -~ 36 tess than 400[err]C, the
deconposition rate after 30 mnutes 5 was | ow, but as the tenperature
i ncreased to over 400[E£r]c a decgnpgs i on kate of near 100% was
achi eved. fphParive ERafppPle ¢ show that in all tests, CF,

Trichlorotrifl uorweshaseompbsel aas.acbéaétmenaﬁemperaturecamsbbt)eentand\/\@ﬁe
provi ded for deco 05|t|on treat %géf ccord 0 the nman
|

described in Exa heon rat ot ??oﬁgsaﬁﬂcfggé?Foﬁs the

results are |listeH cuncentratiablenlthenrehgentawe$ iherdesedposiThabnis,

anount vas ée%@&\r%‘@%ﬂtQﬁxgthWaQOEbBﬁgs?Gb%' 9nl BCh 821 FRQL gas

(Cbnparatlve Exanp econposi t1 on anpbunt was reduced
when oxygen was peasentwiesephhatavemiRanpréo of K by Ca Was 0.04 ERahpl8 5

Per f | uor oet hane vggq PERYI @@@oﬁpésﬂ@s;@ﬂpaﬁb&h@nwas maxih@ﬂt genknuadeRithe
sanme reaction conditions_as Test of 1, but upon adding

e
oxygen to the exhadstogak K to Ca(?f)%oﬂ@ent?%t?%ﬁn 559F Lheeresgdtpgin
nitrogen, as showos. 21 -im3Flﬁhe2de¢bmp@§1ﬂ16ﬁcf@dctﬁoﬁnoexhaﬁéa g§8San

O GEND o0 AERRLEEHER SROCPRITER I PVED PugRtoLUR! bpchygy Cle
addition rat e wasddcampos et somi natamdas hbow at theiaéystheedemperature of
commer ci al I'y avai+@@$@.pr@9u€ﬂe(3{ﬁg{ hand, as seen from the results in
No. 24, when the K concentration was too high, the
decomposition efficiency was lowered. In this example,
15 - it is proved from the comparison of Nos. 25, 26 and 27
that the decomposition efficiency is maximum at a K
concentration corresponding to an atomic ratio of Ca/C of
about 1/0.06.
Example 9 _
20 The procedures as mentioned in Example 8 were
repeated, except that other potassium compounds as shown
in Table 3 were used instead of potassium hydroxide. The

results are shown in Table 3.



Kagaku, KK.) of alum na carryi.ng 0.5% pl ati num The results in Table

1 show that the CO concentration in the exhaust gas reached 0% 30
Exanpl e 6 Per f | uor oet hane was provided for deconposition
treatment under the sane reaction condition“s3§s‘ExarrpIe 1, Test No. 3,
except that the reaciiontenrperature—was 7Q0[ err] C (Test No.19). The
results in Table _§j§hbwtl5’atw 35 al t Hough gLijghtly | ower conpared to No. 3
whi ch was at o Bfgern] 6 the deconpgsitilgn was still adequate.
(8] O™~ o =3 Oy JON jOO
Exanpl e 7 g glow e s olojofen]|a) - 30 - A test
was conducted i n|®Ht|sane stgnner _as Exdngl d 4 except that
1,1,1, 2-tetraf |l ugr oet hane (C2H2F4) was |used I nst ead of
trifluoronethane|(CHF3) ¥Test No.20). Thd mgxi mum r eacti on accel erator
tenperature herejwas|g830gerr]C. 5 o Thg|gesyBtig|in Table 1 show that a
deconposition rate owf_g o near 100% wds |&dhi eyed even at 350[err] C
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31 [err] - 32 - [err]

- 33 - Exanple 8 The process of the present

i nvention was carried out usi ng an apparatus based on the sane
princi ple shown in Fig. 1. That is, a B®acetion tube of Inconel 600
5 (trademark) with an inner dianeter of 16 mmand a |l ength of 30
mm was i nserted along the axial center of _a tubular furnace

(el ectrical capacity: @S4SRAP &GGMppedlf h 41 all cases i9fy Usident
(kanthal alloy) baeedsenudl eairbiopale, alumif@dld N@hodphates eentfercefaricdhe
furnace inside the 10 rea%liqi on g:ube was filled vvihthdSSC% of atr.ea}1gent for
deconposi ng a f|u8ﬁ5E§F80ﬁ§ e potassium source, the decomposition rate

was approximately 100% at 700°C.
5 Example 10
The procedures as mentioned in Example 8 were
repeated, except that the amount of the potassium
incorporated in the reagent was varied, including the
case where a reagent containing no potassium was used,
10 and the content of oxygen in the treatment gas was
varied, including the case where a treatment gas
containing no oxygen was used. The results are shown in
Table 4.



The reagent was a granul at ed product prepared by the fol |l ow ng

procedures using char, slaked Iinme and pot assi um hydr oxi de as
starting materials. 15 Char with a maxinumparticle size of 250
[err]m sl aked lime with a maxi num pactsgle size of 250 [err]mand
pot assi um h —GX:IJ—d-@—-\A?—F—%——QJ—X—%fLMLLhA’ riousproportions, water was
added and the m xku e wvaségqs.angl at ed. ‘Fhel,,, r,,heI granul ated m xture
‘was dried at 110] kc%@)g ggngurs and [20]° |“Heak ed at 800[err]C for 8
hours for dehydrat+ g—and — —Catcirmny thejresul ting cal ci ned
product was IHj et el tfp dressimg ofo¢edinid ¢ obtain pellets of a
maxi mum particle |t gg ofs 808 fim and anggdve[aga E’alrﬁ'cl e si ze of about
3 nm 25 b8 34 ar Bind char consli stedl df [78% solid carbon, 9%
vol atil e conponent®| ,3% ash and 10% watler} {hd stafting sl aked Iinme
was the standard pPuct ©fg JI'S RI001, janh [o [o |2 he enpl oyed potassium
hydr oxi de was a flio bE S;ImaSS‘; grade ™ |echeidal [ The resul ting reagent
pel l ets were anallyzpl 23& & 5and found tlo pont atiq s|{ npl e subst ance carbon
(O and cal g dxi-8E(ca0—as—tHeaj-er—eonponents as well as a
m nor anount of p{c‘)ta i um (K). The atonic|ratios| of C Ca and K or
t hese reagent pelleg grd the total wei gn]ggr gie(g|n %9 of the conponents
based on the wei ght|gfwche 35 reagent dr ¢~gRdwn| i n Table 2. :
Per f | uor oet hane (|JC2F$)% Wag deconposed ifn fthe sane _
.34 - manngr gs nmentioned 1N EXanplje f, Jexcept that the
treatment gas fldgw fateuwas 0. 17 Iite,[,/gjrg yig ampunt of fl uorocar bon
in the treatnent gas‘{@ag 5&ol % and ghe |~ [~~~
g§355¢
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tenperature at the center of the reagent,i.e., the 5 maxi mum r eagent

tenperature was 700[err]C. The reaction conditions enployed and
t he reaction results as neasured in the sane manner as nentioned in
Exanple 1 are shown in Table 2 for each of'7‘yggis (Nos. 21 - 27).

- 35- - 36 - The

reaction tenperature 0 econposi tion rat
m nutes was i ncreddgdlawerad when thecspegfnEatPbhaiRinAenPeRGEAESHAR was

increased. That ig8sedd thetaécgﬁﬁsgp@%hl@asr@5&%5(:@99@&3;1@@%1:eeaa@be‘ﬂf
t he cases where the atomc ratio of Kt was 0.04to O

and the deconp03|YP%ﬁeaﬁBﬁnFrﬁ%Emﬁﬁ§lﬂﬁﬁ1ﬁ?n5ﬂla?8npe oxXygeny 5fp BPeK to
Ca of 0.06. 5As SeeécémpﬁtiheoﬂEQﬂfiéléﬂcy was SbmewRat- 138, athehe oxygen

results in Table 2 sho 7%%@errf§b 58§%S4 C%ﬁg 8econgﬂ@itggﬁoqgggggF%hr%

deconposition rea rred t atomc ratio of Kto Ca of |ess
than 0. 04, but thééngeng % %%ﬂp%g %6 ate was | ow at the reaction
tenperature of 7DR4eplié Cl1l On the_other hand, as seen fromthe results
n No. 24, when $fig K-500G8PLE 3Ld ReBoh 8 PhIBxahPEe 8 were

repeated, except that other fluorocarbons were employed

10 for decomposition, and the content of oxygen in the
treatment gas was varied. The results are shown in
Table 5.



I's proved

It
that the deconposition

15

In-this exanple,

26 and 27

25,

deconposition efficiency was |owered.

fromthe conparison of Nos.
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10 and the content of oxygen in the treatnent gas was vari ed,

i ncludi ng the case where a treatnent gas contai ni ng no oxygen was

used. The results are shown in Tabl e 4. - 39 -

- 40 - As seen from Table 4, +h&2 deconposition tenperature

was | owered when the reagent containing no potassium was used, the
deconposition was satisfactorily effected even where the treatnent
gas contai ned no oxyg®#, sgrs them Babledéeompdsiti dheeftristedncy was

somewhat | ow at E@§096¥Q§Bons cou@ﬁ”B@“Ebﬁb&@@e@% a%cbﬁbésed In
Exampl e 11 procedures as nentioned in _Exanp 8 we

repeat ed, exceptpﬁﬁéﬂcﬁﬁﬁér FPSOFB&8F58ﬁ§CﬂéFéléﬁﬁﬂo§éH°fﬁcaer8F could
deconposition, apd tbeompbkedt wathoxygeBompokh€ion ratker edt approgdmated y
varied. Th%sresuhba%agge%hg aiTow tempgggkgrg'of 350°C. No significant
difference was found between the cases where oxygen
existed in the treatment gas and where oxygen did not
exist in the treatment gas.
Example 12
10 The procedures as mentioned in Example 8 were
repeated, except that Mg(OH), was used instead of slaked
lime, Ca(OH),, and CF, was used as the fluorocarbon for

decomposition. The results are shown in Table 6.



- 41 - : - 42 - As seen

fromTable 5, all of the tested fl uorocarbons could be conpletely
deconposed. In particul ar, the chlorine-containing fluorocarbons
coul d be deconposed with a deconposition rate of approximtely 5
100% even at a |l ow tenperature of 350[err] C" “No si gni fi cant
di fference was found bEtwgen t he, caseyg where oxygen existed in the
treatment gas and where -oggy(ggnscﬁa mot| exist in the treatnent gas.
Exanpl e 12 10 ETFHeWNGCQWFes ds_frentioned in Exanple 8 were
repeat ed, except thartg I‘Mg OH) 2 yas used ipstead of slaked i me,
Ca(OH) 2, and CF4 was| used gothe fl librocar bon for deconposi tion. The
results are shown in| Jable 62 3 &
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- 43 - - 44 - As seen

from Tabl e 6, mhen the reagent contai ning My as the al kaline earth
nmetal was used, CF4 could be deconposed, but the deconposition
efficiency was sonmewhat | ow as conpared4wth the case where Ca was
used as the 5 al kaline earth netal . Exampl e 13

The procedures as nentioned in Exanple 8 were repeat ed, except that

CF4 was al so used as thfe seen framdiadrls fon whan dézﬁ)mqqmbrpow:zm Mg

concentration of gk0 the tdugdll it eardiPRdta it Read nRAIdTENEF 925 uWas pk00%  The

results are shown in Table 7. 45
decomposed, but the decomp051t10n efficiency was somewhat

low as compared with the case where Ca was used as the
5 alkaline earth metal.
Example 13
The procedures as mentioned in Example 8 were
repeated, except that CF, was also used as the
fluorocarbon for decomposition, and the concentration of
10 the fluorocarbon in the treatment gas was 100%. The

results are shown in Table 7.



- 46 - As seen from Table 7, even when the fl uorocarbons

were used at a concentration of 100% wi t hout dil ution, good - results
coul d be obtained as in Exanple 8. As expl ai ned above, the
present invention allows 5 conpl ete deconposition of fluorocarbons by a
si npl e process, wherein the deconposed4$l-uorine is bound in a '
harm ess form Consequently, the fluorocarbon deconposition process
according to thefThvention provi[des the heretofore unachi eved effect
of allowing a sipp|er 10, = gdecdydes|i ti on apparatus and gi ving hi gher
deconposi tion @ gq;‘foigigepqy, as || as sinpler post-treatnment of the
deconposi tion pr cts and—tower[ gost of the reagents, and can
provi de a partic agl Y r_ldotéagl e gantrli bution for t he deconposition of
fl uorocar bons angt cont §igpgd§3i n ot g 315 exhaust gas from sem conduct or
manuf acturing pr cg:%%eg}o}gg ) - 47 -
CLAI V5 oA process—fior{ deconposi ng a fl uorocarbon which
conprises contactd g a pekfl uorggdrjon or hydr of | uor ocar bon gas with
. o (o} .
a reagent conpri ﬁﬁ @gcgrm»bgn Swe | l@gnd at | east one alkaline earth netal, at
a tenperature OB YL E A
A »w 4o B
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of 300[err]C or higher and in..the presence of 20 vol % or |ess (but

not 0% of gaseous oxygen. 2. A process according to claim1,
wherein the reagent is obtained froma carbonaceous solid naterial 10
and at |east one alkaline earth netal conpouff. - 3. A process
according to claim1 or 2, wherein t he carbonaceous solid material is-
one or nore nenbers sel ected from the group consisting of coke
powder ,  char, cdd seew o Fabdfarco&Veradthare g FRF B 15

bl ack, and the ahkiald neeeBlEth anelodlcegaaalint ioFf amoXivdhout dilhwdroaxi de,
carbonate or nitrate of calciu nagnesi um. harium or. strontium

4. A process acc?&oa A§ 3 tzfnfrg&ﬁléi %13 (?Iblaﬁaﬁélefl aszin Exam%?ersza‘i n a hal ogen
conponent fromthe d_e@tsnmqudiiz@ed abblvegr ctuh@r Ipane sien tf iimrttd_osaiadlmasgent .
S. A procg§s aC%%&glgget%e@%%p%@%&ggnpb%'%ﬁu%fbd%rbons b '%qm qQrPri ses
continuously or intermttently feeding a - "treatnment das containing a
per f | uor ocarbon @rocess, Wherefinubhecdesomposes fdaordmnes iys dgund Hsai d
reagent, 25 CRRkinaEsIfhral, | tbaklighbarlly, dnheChandirdeabopxhaust gas
fromsaid reactor. after reaction, allow ng Oor. causin . oxygen to be
contai ned in thedeFERPREAL19As PREFESE AECPEding to i daved tiler Py ides
reactor so that the axygebfore unaehdernbdakifecits oZ0 aldloUioly lae$Smplesai d
t reat ment ggs. 38 and .%riansferri ng heat .necessar #.if rerdglc%nglosi t.i_qn of
sai d qgerfl EFSERPESN ISP RYRPEAIEIST 8RSy 83 ' Poh GifEi §8CPRROS - 1on
to a reaction zoréfionehcym aasiwgélt he sdémptler posthéreatmenteadt the zone.
6. A process ac i Q. cloal eLepn 3 a r dto
t he reaction zonggﬁghggﬁggéggdbgyégﬁ%_BEH elF)te}%trr ?(C:)glt %gattgtre.%%i%é%wg%ﬁl oys
an el ectrical heapd can prg¥adeafi R§rhésnilpgly| apsable contribution for

the decomposition of fluorocarbons and contained in the

15 exhaust gas from semiconductor manufacturing processes.



7. A process according to claimb5, wherein the reagent is filled into a
netal or ceram c reactor. 8. A process according to any one of
claims 1 - 7, which conprises continuously I intermttently feeding a
treat nent gas containing a perfluorocarbon or HAydrofluorocarbon to a
reactor filled with said reagent, continuously or intermttently

di schargi ng an exhaust gas from said reacig) §$§e reaction, allow ng or
causi ng oxygen to be contained in the tre as before it is introduced-
into the reactor so that thePOXGRRH @@hc@%@@@P@%hHGSaZQlVQFQGéerésyhiﬁh

said treatment gaSmpiises§EsiiAe Negta NSE §§§@5yoé9fbg§cgﬁp05|tlon of said
per fl uorocarbon or %ydrofluorocarbon fron1out5|de the reactor to a reaction

zone, or from i MEYHeCtHIPFERIRPN 192§ HEl tR Rt FEFHISRN S OBRE: BX1Ei SAABP®O in
sai d exhaust gasahd®d &Pleast ok axkaanQSSafmmxmehm@,t@tcaatemﬁerabereln

t he oxi di zi ng tre t [ X I o]
‘reagent. P @ cé%ggﬁicor #gkﬁg %ﬁ%ﬁ%ﬁég?%fﬂ%@iysié,éﬁh%?%?n
‘the perfluorocarb@mtomOhyW%kﬁ¢iugaﬁﬁn¢ﬁnpxxg@mfIuorocarbon with 1-5 carbon

at one. L A Processs SO A ANRONE, A1 ELAI T3 dnexdln wher el 1

the reagent is in granul ate repare m xi ng a powdery carbonaceous

solid material aFREJRRkleS btiainer on mp r@%@omos%%hd Jraker e ng

the m xtune. add.ath IERHEMnd 041 EECOHE OS4 Figh andes 1 Imﬁg@@n@on or
hydr of | uor ocar bon cog¥r|3|n% carbon and a Ie stﬁépe al in rth nmetal,

wherein the atonic ratio dt i 1T Fetat TeEIFIHin

the range of 0. 2the cdhifbdndreous solid materlal is one or more members
selected from the group consisting of coke powder, char,
coal, raw pitch, charcoal, active carbon and carbon
15 black, and the alkaline earth metal compound is an oxide,
hydroxide, carbonate or nitrate of calcium, magnesium,

barium or strontium.

4. A process according to any one of claims 1 - 3,
wherein a halogen component from the decomposed
20 fluorocarbon is fixed to said reagent.
5. ' A process according to any one of clalms 1 - 4,

which comprises continuously or intermittently feeding a
treatment gas containing a perfluorocarbon or
hydrofluorocarbon to a reactor filled with said reagent,

25 continuously or intermittently discharging an exhaust gas
from said reactor after reaction, allowing or causing
oxygen to be contained in the treatment gas before it is
introduced into the reactor so that the oxygen
concentration is 20 vol% or less in said treatment gas,

30 and transferring heat necessary for decomposition of said
perfluorocarbon or hydrofluorocarbon from outside reactor
to a reaction zone, or from inside the reactor to the
reaction zone.

6. A process according to claim 5, wherein the

35 heat transferred to the reaction zone is generated by an

electrical heater which employs an electrical heat-

generating heating element.

A




13. A reagent as set forth in claim112, which is obtained_from

f —_—
carbonaceous solid material and at |east one alkaline ear FH .
14. A reagent as set forth in claim12 or 13, wherein carb*ﬂ

material is one or nore nenbers selected #ré8 +he group co e

- 49 - powder, char, coal, raw pitch, charcoal, active carbon

and carbon bl ack, and the al kaline earth netal conpound I's an oxide,
hydr oxi de, carbonate7or ni PEOES6S egcOrding to clafgydesWhAreddy ithe or
strontium 5 reagentl3s fAIREACENTS @ nidRRANRAS I sild YIaRaRON whi ch
conprises contacting a gaseous fluorocarbon with a reagent caonpri_sing
carbon, at |east one8al kali REOSESEHAccOTding o 0y Q"9 &, thd‘rfé“sallka'l i’
metal at a tenpehdich €ofprises c20@iefoh€lyr oii dheermi®tently febflingAa
process accordi r%% t%ﬁ'tcél I m 15b0\ﬁk%%r.ei.n t he o o %rf)toni %robt ai ned froma
car bonaceolis sol‘T§AHEE &°° I8¢ 00 s POEA VRFRSPERSE 8t h et al
conpound and at hiydarsif luorocaghbenaltkalki reecabrcdigdeddwith said reagknt A
process accor di Bgokq sy 18,0k ntBrmtREEA 133 scnblfinEAUSN exfAHR g6 at

| east one al kaline earth cg'r on~an ast” one al kal i t al
in an atonic rafrgm said gpagrryl pAéeEarPRCHELA: @AABYANA A CaNSiag of

1.0:0.25-4.0: 0. BkyQed. to be contaihBd AnPiBeetyecataent! gast deFdreone afs 20
clains 15 - 17 total content of th% Ikﬁllne earth
g ag t

, .wherein the
metal . siHbl e sABLEAREedaiBbh &hE ZPRSEPT SPAl e SXYGEM ess than 50%

by wei ght basedconctheéraeight ief 20heol% or less in said treatment gas,
transferring heat necessary for decomposition of said
perfluorocarbon or hydrofluorocarbon from outside the

reactor to a reaction zone, or from inside the reactor to

15 the reaction zone, and oxidizing CO in said exhaust gas
to CO,.
9. A process according to claim 8, wherein the

oxidizing treatment is performed using an oxidizing
catalyst or reagent.

20 10. A process according to any one of claims 1 - 9,
wherein the perfluorocarbon or hydrofluorocarbon is a
fluorocarbon with 1-5 carbon atoms.

11. A process according to any one of
claims 1 - 10, wherein the reagent is in granulated form

25 prepared by mixing a powdery carbonaceous solid material
and powdery alkaline earth metal compound and granulating
the mixture.

12. A reagent for decomposing a perfluorocarbon or
hydrofluorocarbon which comprises carbon and at least one

30 alkaline earth metal. '

13. A reagent as set forth in claim 12, which is
obtained from a carbonaceous solid material and at least
one alkaline earth metal compound.

14. A reagent as set forth in claim 12 or 13,

35 wherein carbonaceous solid material is one or more

members selected from the group consisting of coke
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reagent. 19. A process according to any one of 25 clainms 15 -
18, wherein a hal ogen conponent of said fluorocarbon is fixed to said
reagent. : 20. A process according to any one of clainms 15 -
19, wherein the fluorocarbon is a per fPuor ocar bon consi sting of
fluorine and carbon or a 30 hydr of | uor ocar bon consi sting of fluorine,
hydr ogen and ar bon. 21.. A . process acgcording to a one of
claims 15 - 20, RAYETn SIRE 1 ISR oe FUOE T EhSgarRt egct tve cdrton
quorpcarbon conmidtaaxpanf HlaﬂkjrEnd(xhéxnﬁka&ﬁnePﬁﬂxghwméﬁhl cmmﬁmupdhan )
[luorine or a hal oaghalahidly Pl A 2 Bibonate SOMLELAND O LAHOLLAS:
tner t’ha on.

hydr ogen, a hal ogen o | uorine and car

- 50 - _ magnesiim A hanicss oncdtaraitigi® o any one of ~ clainms 15
- 21, whergin the gasgpus f | UNQEA BYYy td¥posing £oNhastschMdd ditech
solid reagent contains 0.01 to 25% by vol une of oxygen,

, 5
23. A reagent OIRISSHHEAHAHE MUG FABFUVH vt idrocarbon ¢kt i%es car bon
and at |east ongedetlt oM ildinElatirbon, at Avhsad dradlleikimd kadithret al .

24. A reagent. as set, forth.in cla m23, ich i oht ai ned from

car bonacegus sol"led:%lataéﬁ at qﬁa‘%eé’ﬁe c?r%g]allol mestf\lkaﬂﬁ r?eq-‘eeér}qeffaﬁ;e"t%ef St

conpound and at 20851 conéhigHead i nmet al conpound. 25. A

reagent aggsel [orth j¢ CAAMBRDY ftodidf] to c1aidP W/ Sheid AR One
an

“al kaline earth netal,” carbo _
reagent is obtained from a carbonaceous solid material,

at least one alkaline earth metal compound and at least
one alkali metal compound.
17. A process according to claim 15 or 16, wherein
15 the reagent comprises at least one alkaline earth metal,
carbon and at least one alkali metal in an atomic ratio
of alkaline earth metal:carbon:alkali metal of
1.0:0.25-4.0:0.01~-0.3.
18. A process according to any one of
20 claims 15 - 17, wherein the total content of the alkaline
earth metal, simple substance carbon and alkali metal is
not less than 50% by weight based on the weight of the
reagent.
19. A process according to any one of
25 claims 15 - 18, wherein a halogen component of said
fluorocarbon is fixed to said reagent.
20. A process according to any one of
claims 15 - 19, wherein the fluorocarbon is a
perfluorocarbon consisting of fluorine and carbon or a
30 hydrofluorocarbon consisting of fluorine, hydrogen and
carbon.
21. A process according to any one of
claims 15 - 20, wherein the fluorocarbon is a halogenated
fluorocarbon consisting of fluorine, carbon and a halogen
35 other than fluorine or a halogenated hydrofluorocarbon
consisting of fluorine, hydrogen, a halogen other than

fluorine and carbon.

R0 D



at least one alkali netal in an atomic ratio of al kaline 15 earth

met al : carbon: al kali netal of 1.0:0.25-4.0: 0. 01-0. 3. 26. A
reagent as set forth in any one of claims 23 - 25, wherein not |ess
t han 50% by wei ght of the al kali ne eaPPh-netal, and alkali metal is
oxi des. 20 27. A reagent as set forth in any one of cl ai ns
23 - 26, wherein the alkaline earth netal rs sel ected from cal ci um

and rmagnesi um and i s 49rcofhdERGRFS aCCORHRKEXANH I tHe form of an
oxi de, hydroxi delaims 15 ca@lbordiexeidb the gaseds flAissageribormstsdbe forth

I n any one of cl.ai . - .27, erein th | kal j- tal~ds [um
and IS | ncc(?rnﬁ-'(?rca eégs‘“luﬁc%} hé‘esﬁoﬂgml{ ﬁ%ﬁ?eeq%o?cn?ngélaﬂ%y@'r%&i%‘g?iéé%y
carbonat e, phospitdiume dfurmixysdea . nitrate or sul fate. 29. A

reagent assset forthijian any Q& ‘?EQ)d: deqécﬁdgm%il%{i;d-a 28 RS £ o] Reh &Pl €

substance carbon is I ncorporated in the solid in the formof char,

active calBRT icashGpahoic et atoleadwmdre alkaline earyh metahgent

as set forth inamly a9 e@fst one aQk@1G metal .29, Wherein the solid is a
cal cined product. 35

‘claims 23 - 30, havifd-a RSB SO R etgtef%mﬁ:“fﬁra&ig%ﬁ'a%@‘eﬁg ght

or | ess when heabadinedarfriorera catrvosploeomsatsolid material, at least one

- 51 - BPOlerthGaiine eadeh 'ﬁ’teftlaliorc%(ﬁ\%rot&%rzi d2COTROSIdd AN SRPA ALUS; Whi ch
metal compound.

25. A reagent as set forth in claim 23 or 24, which
comprises at least one alkaline earth metal, carbon and
at least one alkali metal in an atomic ratio of alkaline

15 earth metal:carbon:alkali metal of 1.0:0.25-4.0:
0.01-0.3.

26. A reagent as set forth in any one of

‘claims 23 - 25, wherein not less than 50% by weight of
the alkaline earth metal, and alkali metal is oxides.

20 27. A reagent as set forth in any one of
claims 23 - 26, wherein the alkaline earth metal is
selected from calcium and magnesium and is incorporated
in the solid in the form of an oxide, hydroxide or
carbonate.

25 28. A reagent as set forth in any one of
claims 23 - 27, wherein the alkali metal is potassium and
is incorporated in the solid in the form of a hydroxide,
carbonate, phosphate, aluminate, nitrate or sulfate.

29. A reagent as set forth in any one of

30 claims 23 - 28, wherein the simple substance carbon is
incorporated in the solid in the form of char, active
carbon, carbon black or coke powder.

30. A reagent as set forth in any one of
claims 23 ~ 29, wherein the solid is a calcined product.

35 31. A reagent as set forth in any one of
claims 23 - 30, having a moisture discharge amount of 15%

by weight or less when heated in an inert atmosphere at

A




conprises a reactor filled with a reagent conprising carbon and at | east
one al kaline earth netal or carbon, at |east one alkaline earth netal and
at |east one alkali metal, a treatnent gas inlet leading into the reactor,
a gas outlet for discharge of reacted gas fr@h said reactor, a furnace in
whi ch the reactor is housed, a heating source for raising the atnosphere
tenperature in the i drnace, a duct connecting said treatnent gas inlet. and
a fluorocarhbon- CO%R %1ng gas source, and an exhaust gas oxi di zer connected
by a tube Ieadlng to s¥ d gasf hubtetarbon dSSompos hpjan abpsangatos dvhicho

clai m 32 or WSS D% TLHRLOGAT PO COW ALY DO- A5 RO UESiipt Bs BG°T At ©d

by a sen1conductor acturlng proc
carbon and at least one ‘alkaline earth metal or carbon,

5 at least one alkaline earth metal and at least one alkali
metal, a treatment gas inlet leading into the reactor, a
gas outlet for discharge of reacted gas from said
reactor, a furnace in which the reactor is housed, a
heating source for raising the atmosphere temperature in

10 the furnace, and a duct connecting said treatment gas
inlet and a fluorocarbon-containing gas source.

33. A fluorocarbon decomposition apparatus which
comprises a reactor filled with a reagent comprising
carbon and at least one alkaline earth metal or carbon,

15 at least one alkaline earth metal and at least one alkali
metal, a treatment gas inlet leading into the reactor, a
gas outlet for discharge of reacted gas from said
reactor, a furnace in which the reactor is housed, a
heating source for raising the atmosphere temperature in

20 the furnace, a duct connecting said treatment gas inlet
and a fluorocarbon-containing gas source, and an exhaust

gas oxidizer connected by a tube leading to said gas

outlet.
34. An apparatus according to claim 32 or 33,
25 wherein the fluorocarbon-containing gas source is

generated by a semiconductor manufacturing process.
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