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PERFLUORO COMPOUNDS DECOMPOSITION METHOD 

AND DECOMPOSITION APPARATUS THEREFOR 

FIELD OF THE INVENTION 

The present invention relates to a decomposition method for decomposing 

perfluoro compounds (which will be hereinafter called PFC) such as SF8, CF4 and 

C2F 8 by use of a reactant, a reactant for use therein and a decomposition apparatus 

therefor. 

BACKGROUND OF THE INVENTION 

(Prior Art) 

PFC has been hitherto used as an etching agent or a machine-cleaning agent in 

semiconductor-manufacturing factories. However, PFC has been proved to cause 

the warming of Earth, as recently discussed in Earth Warming Meeting or the like, if 

it is directly released to the atmosphere. It is therefore desired that PFC is 

decomposed after its use. 

As prior arts for decomposition of PFC, there have been hitherto proposed a 

reactant decomposition method, a catalyst decomposition method and a combustion 

decomposition method. Since PFC is poor in reactivity (in thermal decomposition, 

heating of more than 1, 100°C is required) due to its extremely strong intermolecular 

bonding strength, the reactant decomposition method or catalyst decomposition 

method is advantageous in view of energy. A decomposition method using a 

reactant has such advantages that fluorine gas or hydrofluoric acid are less 

discharged out of the system and hence their post-treatment is unnecessary 

because fluorine atoms can be fixed on the reactant, as compared with the catalyst 

decomposition method, and this method is in many cases more advantageous in 

view of cost because the supply of water vapor into a feed material is not needed. 

As for a PFC decomposition method using a reactant, for example, the official 

gazette of Japanese Patent Application Laid-open (KOKAI) No. 187 ,302/1996 gives 
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a method comprising bringing carbon fluorides into contact with a reactant consisting 

of a carbonaceous solid material and an alkaline earth metal compound in a non­
oxidizing atmosphere, ·and the official gazette of Japanese Patent Application Laid­

open {KOKAI) No. 277,353/1998 gives a method comprising bringing carbon 

fluorides into contact with a reactant containing carbon, an alkaline earth metal and 

an alkali metal at a temperature of more than 200°C, thereby fixing the halogen 

component thereof on the reactant. 

OBJECT OF THE INVENTION 

However, there have been such problems that when a reactant containing a 

carbonaceous solid material is used, the intensity of said reactant left after its 

granulation and sintering is apt to become insufficient, and when oxygen or the like 

is contained in a gas to be treated, a desired reaction is difficult to be carried out 

because carbon is consumed in the reaction, whereby the intensity of the reactant is 
lowered. 

It is therefore an object of the present invention to provide a decomposition 

method for effectively decomposing PFC at a low temperature and in safety by use 

of a chemically and intensively more stable reactant, a reactant for use therein and a 

decomposition apparatus therefor. 

SUMMARY OF THE INVENTION 

In order to achieve the aforementioned purpose, the inventors have studied 

hard the constitutional components of a reactant for use in the decomposition 

reaction, have found out a fact that the aforementioned purpose can be achieved by 

using as a reactant aluminium oxide containing an alkaline earth metal compound, 

and have completed the present invention. 

Namely, the decomposition method according to the present invention is a 

perfluoro compounds decomposition method which comprises bringing a gas 

containing perfluoro compounds under heating into contact with a solid reactant, 
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thereby fixing the fluorine component on said reactant, characterized in that said 

reactant contains an alkaline earth metal compound and aluminium oxide. 

The reactant according to the present invention is a reactant for decomposition 

of perfluoro compounds, which contains an alkaline earth metal compound and 

aluminium oxide. 

In the above-mentioned reactant, said alkaline earth metal compound is 

preferably magnesium oxide. 

Furthermore, the decomposition apparatus according to the present invention is 

a perfluoro compounds decomposition apparatus which comprises a reaction section. 

filled with a solid reactant, gas flow passages capable of feeding a gas containing 

perfluoro compounds to said reaction section and of discharging a gas left after the 

reaction, and heating means for heating said reaction section or the gas to be fed in 

the same reaction section, characterized in that said reactant is a reactant for 

decomposition of perfluoro compounds, as mentioned above. 

(Operational Effects) 

Since a reactant containing an alkaline earth metal compound and aluminium 

oxide is used, according to the decomposition method of the present invention, PFC 

can be effectively decomposed at a low temperature and in safety by use of a 

chemically and intensively more stable reactant, as exhibited by the results of 

examples. Although the reason thereof is not proven, it will be estimated as follows. 

Namely, it is conceived that when an alkaline earth metal compound is reacted. 

with perfluoro compounds to fix the fluorine component, aluminium oxide has a 

catalytic function of promoting the same reaction. Accordingly, aluminium oxide is 

not consumed in this reaction and it acts as a binder component, thereby making the 

reactant a chemically and intensively more stable reactant. Since aluminium oxide 

has a function as a catalyst or reactant for the decomposition of PFC even when it is 
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alone, in addition, the decomposition efficiency of PFC can be maintained in some 

degree even if the alkaline earth metal compound is consumed. 

According to the reactant of the present invention, PFC can be effectively 

decomposed at a low temperature and in safety by use of a chemically and 

intensively more stable reactant, owing to the aforementioned reasons. 

In a case where said alkaline earth metal compound is magnesium oxide, it is 

conceived that PFC can be directly and effectively decomposed in accordance with 

the following reaction formulae: 

CF4 + 2Mg0 ~ 2MgF2 + C02• 

C2F6 + 3Mg0 ~ 3MgF2 + 2CO + 1/202• 

SF6 + 3Mg0 ~ 3MgF2 +502 +1/202• 

As for another alkaline earth metal compound, the similar reaction will be 

estimated. Also in the case of a metal carbonate or metal nitrate, the above­

mentioned reaction is conceived as a part of the element reaction because it 

produces a metal oxide during the sintering of its manufacture or during the 

decomposition reaction. 

According to the decomposition apparatus of the present invention, furthermore, 

PFC can be effectively decomposed at a low temperature and in safety by use of a 

chemically and intensively more stable reactant, similarly to the aforementioned 

case. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig.1 is a schematic block flow diagram showing one example of the 

decomposition apparatus according to the present invention. 
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DESCRIPTION OF REFERENCE NUMERALS 

1 - reactant 

2 - reaction section 

2a - inner drum 

2b - outer drum 

3a, 3b, 3c - gas flow passages 

4a, 4b - heating means 

5 - preheater 

5a - tube portion of preheater 

5b - vessel of preheater 

6-cooler 

V1, V2 - valve. 

EMBODIMENTS OF THE INVENTION 

In the next place, embodiments of the present invention will be described in the 

order of the reactant for decomposition of PFC, the PFC decomposition apparatus 

and the PFC decomposition method. 

(Reactant for decomposition of PFC) 

The reactant for decomposition of PFC according to the present invention is one 

containing an alkaline earth metal compound and aluminum oxide. 

As an alkaline earth metal constituting the alkaline earth metal compound, there 

are exemplified Be, Mg, Ca, Sr and Ba, and Ca and Mg will be preferably used. As 

an alkaline earth metal compound, there are exemplified salts such as oxides, 

hydroxides and carbonates of alkaline earth metals, and oxides of alkaline earth 

metals will be preferably used. As a concrete example of a feed material for the 

oxide, hydroxide or carbonate of Ca or Mg, there are exemplified quick lime, slaked 

lime, marble, magnesium carbonate and dolomite. 



6 

These alkaline earth metal compounds can be used alone or as mixed. The 

content of these metal compounds is usually 0.1 ..., 90 wt%, or preferably 1 - 70 wt%, 

or more preferably 5 ..., 50 wt% in total. The larger the content of these metal 

compounds is, the more the treating capacity is increased. If the content is too 

larger, however, there is such a tendency that the initial physical property of a 

reactant or the physical property thereof in the reaction is lowered. 

As aluminium oxide, y-alumina, o-alumina, or a mixture thereof is preferable 

because of its reacting activity. The content of aluminium oxide is usually 10 ..., 99.9 

wt%, or preferably 20 ..., 99 wt% or more preferably 50 .... 95 wt%. 

As for optional components in a reactant, there may be also used an organic -

binder such as polyvinyl alcohol or an inorganic binder such as silica series 

materials or calcium hydroxide. Such binders will be preferably blended in an 

amount of less than 20 wt% in a reactant. Furthermore, impurities accompanied with 

a feed material may be contained in a reactant. Catalyst components such as Zn, Ti, 

Ni, Fe, Co, Zr and Pt may be further contained therein and these components may 

be previously supported on alumina. 

The reactant of the present invention is a solid containing the above-mentioned 

components and it is preferably a granular material having a grain size of 2 ..., 5 mm 

for the viewpoint of enhancing the contact opportunity with a gas to be fed to the 

decomposition. Furthermore, the reactant is preferably a porous granulated material, 

in which raw materials having a grain size of less than 100 µm are homogeneously 

mixed. For preparing a granular material, a granulated material may be satisfactorily 

made by a . process comprising mixing powders of the above-mentioned raw 

materials, kneading and granulating them together with a proper amount of water or 

after a proper binder is optionally added, and then drying the resulting material to 

evaporate water. 
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Particularly preferable granular material is a sintered granular material, and it 

may be a granular material obtained by grinding raw materials after sintering. In a 

case where raw materials are ground after sintering, such a granular material may 

be satisfactorily prepared by mixing raw materials, sintering the mixed raw materials 

after compression molding, and grinding and classifying the resulting sintered 

material. 

As a kneading machine for use in kneading, one is preferable which is capable 

of carrying out simultaneously mixing and granulation. For example, mixing and 

granulation can be simultaneously carried out by using a Henshall mixer or a vertical 

mixer. After the mixing of raw materials is carried out by a Henshell mixer or V-type 

mixer, however, the granulation thereof may be carried out by a dish-type granulator 

or drum pelletizer. 

(PFC decomposition apparatus) 

The PFC decomposition apparatus according to the present invention 

comprises, as shown in Fig.1, a reaction section 2 filled with a solid reactant 1, gas 

flow passages 3a ,.., 3c capable of feeding a gas containing perfluoro compounds to 

said reaction section 2 and of discharging a gas left after the reaction, and heating 

means 4a, 4b for heating said reaction section 2 or the gas to be fed in the same 

reaction section 2. In this embodiment, there will be given an example of the 

decomposition apparatus further comprising valves V1, V2 for regulating the feed 

quantity of a gas to be treated and the diluting concentration thereof, a pre-heater 5 

for preheating the gas to be treated, and a cooler 6 for cooling down a gas to be 

discharged. 

By regulating the feed quantity of PFC-containing gas fed from a semiconductor 

-manufacturing plant as an exhaust gas by the valve V2 and the feed quantity of a 

dilution gas such as nitrogen gas by the valve V1, the total feed quantity of a gas to 

be treated and the dilution concentration thereof are regulated. Thereafter, the gas 
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to be treated is introduced into the tube portion 5a of the pre-heater 5 so as to be 

pre-heated through heat exchange with a high temperature gas discharged from the 

reaction section 2 and introduced in the vessel 5b thereof. 

The reaction section 2 comprises an inner drum 2a 'and an outer drum 2b, 

manufactured of a material endurable at high temperatures of more than 1,000°C, 

such as an alumina core tube, where the reactant 1 of the present invention is filled 

and supported between them. On the periphery of the outer drum 2b of said reaction 

section 2 is provided the heating means 4b equipped with an electric heater such as 

a ceramic heater, and in the inside of the inner drum 2a is provided the heating 

means 4a equipped with an electric heater. The reactant 1 is heated by both the 

heating means 4a and heating means 4b. In each of respective portions of the 

reactant 1 is placed a thermocouple equipped with a ceramic protection tube for 

temperature control (not shown). In addition, the reactant 1 may be filled as 

separated in plural stages, where a reactant having higher intensity may be used in 

a lower stage. 

The gas to be treated, which has been preheated, is introduced into the inner 

drum 2a of the reaction section 2 through the gas flow passage 3a so as to be 

heated to the vicinity of a reaction temperature by the heating means 4a. The.gas to 

be treated, which has been heated, is passed through the lower gas flow passage 

3b, then caused to flow through the clearances of the granular reactant 1 in contact 

therewith so as to undergo a decomposing reaction, and thereafter discharged 

through the gas flow passage 3c. 

The discharged gas is passed through the pre-heater 5 and cooled down to a 

proper temperature by the cooler 6 equipped with an air-cooled fan, and then 

discharged. 

Since nitrogen oxides and hydrogen fluoride will be produced and sulfur oxides 

will be often produced owing to nitrogen gas dilution or air dilution, furthermore, a 
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treatment column may be placed after the reaction section 2 in order to remove 

these decomposition products. 

Moreover, two sets of the reaction sections 2 are provided in parallel, and both 

these reaction sections 2 may be alternately used by detecting the consumption 

situation of the reactant 1 by a fluorine component detection means provided in the 

rear stage of he reaction section 2. In addition, an absorption section (such as soda 

lime) for removing the fluorine component may be provided after the fluorine 

component detection means. 

(PFC decomposition method} 

The PFC decomposition method according to the present invention is a 

perfluoro compounds decomposition method which comprises bringing a gas 

containing perfluoro compounds under heating into contact with a solid reactant, 

thereby fixing the fluorine component on said reactant, and characterized in that said 

reactant is the reactant according to the present invention, as mentioned above. 

Since the same reactant, decomposing operation and decomposition apparatus are 

the same as have been aforementioned, the feed materials and conditions for the 

decomposition method will be described below. 

A gas to be treated is a gas containing perfluoro compounds, and the 

concentration of the perfluoro compounds is preferably as low as 0.1 - 1 O vol%. In 

particular, the gas to be treated is preferably diluted with an inert gas such as 

nitrogen gas or rare gases. 

As the perfluoro compounds, there are exemplified SF6, CF4, C2F6 and NF3• In 

the case of an exhaust gas from semiconductor-manufacturing plant, fluoro 

hydrocarbons or chlorine-containing fluoro compounds are occasionally contained 

therein. The decomposition method of the present invention is also effective for 

these fluoro compounds. 
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Although the heating temperature must be changed depending on perfluoro 

compounds contained in an exhaust gas or other reaction conditions, it will be 

preferably determined suitably in combination with the decomposition efficiency. In 

general, heating at more than 500°C is preferable, whereby a decomposition 

efficiency of near 100% can be obtained particularly at 700 - 800°C. In the case of 

NF3, it is possible to decompose said fluorine compound at more than 250°C. 

The flow rate of a gas to be treated is preferably approximately 2 - 10 L/min, for 

example, to 200g of a reactant, and the space velocity thereof is preferably 

approximately 100 - 2,000 hr1
• In addition, the filling height (apparent retention 

length) of a reactant is preferably more than 50 mm, and more preferably more than 

250mm. 

(Examples) 

Examples concretely exhibiting the composition and effects of the present 
invention will be described here: 

Example 1 

After CF4 gas was previously diluted to 1 vol% with nitrogen gas, it was 

introduced at 2 L/min (SV = 240 hr1
) into a high temperature treatment drum 

(reaction section) having an inner diameter of 50 mm, filled with 400g of a reactant, 
while the internal temperature thereof is controlled to be about 800°C by a built-in 

heater. Thus, the decomposition reaction was carried out. At that time, there was 

used as the reactant a Mg0-Al20 3 series reactant (MgO: 5 wt%) with a diameter of 

about 3 mm, which was made by mixing 5 parts by weight of MgO powder and 95 

parts by weight of Al20 3 powder together with a small amount of water, compression 

moulding the resulting mixture, and then grinding and classifying the resulting 

moulding. 
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A discharged gas was measured by non-dispersive infrared absorption 

spectrum (ND-IR method) and the decomposition efficiency of CF4 was sought in 

accordance with the following formula: 

Decomposition efficiency= (concentration of CF4 in a feed gas - concentration 

of CF4 in a discharge gas) I the concentration of CF4 in a feed gas X 100 (%) 

As a result, the decomposition efficiency became 100.0% at a point of time 

when the internal temperature reached 800°C. After the decomposition efficiency of 

100.0% was maintained for about 150 minutes, the decomposition efficiency was 

gradually lowered, and after 190 minutes elapsed, the decomposition efficiency 

became less than 90%. In a condition where the decomposition efficiency was 

100%, in addition, the fluorine component such as fluorine gas did not almost exist 

in the discharge gas. 

Example2 

The composition of CF 4 gas was carried out under the .same condition as in 

Example 1, other than a point that a Mg0-Al20 3 series reactant (MgO: 1 wt%) was 

used as the reactant in Example 1. As a result, the decomposition efficiency became 

about 100% at a point of time when the internal temperature reached 800°C, but the 

decomposition efficiency was gradually lowered after 120 minutes elapsed and it 

became less than 90% after 150 minutes elapsed. 

Comparative Example 1 

The composition of CF 4 gas was carried out under the same condition as in 

Example 1, other than a point that an active Al20 3 agent (made by Sumitomo 

Chemical Co., NKHD-46HD) was used in place of the Mg0-Al20 3 series reactant in 

Example 1. As a result, the maximum decomposition efficiency became 100%, but 

HF and F 2 were still considerably detected in the discharge gas, the decomposition 

efficiency of 100% was maintained only for 50 minutes and the maintenance time for 

the decomposition efficiency of more than 90% was only 90 minutes. 
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Comparative Example 2 

The composition of CF 4 gas was carried out under the same condition as in 

Example 1, other than a point that a Ni-MgO series reactant (MgO: 13.5 wt%, Ni: 38 

wt%) was used as the reactant in Example 1. As a result, the decomposition 

efficiency was low, this is about 20% in maximum. 

Comparative Example 3 

The composition of CF 4 gas was carried out und_er the same condition as in 

Example 1, other than a point that a Na20-Al20 3 series reactant (Na20: 1 wt%, Ni: 38 

wt%) with a diameter of about 5 mm was used as the reactant in Example 1. As a 

result, the maximum decomposition efficiency became 100%, but this decomposition 

efficiency of 100% was maintained only for 30 minutes and the maintenance time for 

the decomposition efficiency of more than 90% was only 70 minutes. 
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CLAIMS: 

1. A perfluoro compounds decomposition method which comprises bringing a 

gas containing perfluoro compounds under heating into contact with a solid 

reactant, thereby fixing the fluorine component on said reactant, 
I 

characterized in that said reactant contains an alkaline earth metal 

compound and aluminum oxide. 

2. A reactant for decomposition of perfluoro compounds, which contains an 

alkaline earth metal compound and aluminium oxide. 

3. A reactant for decomposition of perfluoro compounds, according to claim 2, in 

which said alkaline earth metal compound is magnesium oxide. 

4. A perfluoro compounds decomposition apparatus comprising 

a reaction section filled with a solid reactant, 

gas flow passages capable of feeding a gas containing perfluoro 

compounds to said reaction section and of discharging a gas left after the 

reaction, and 

heating means for heating said reaction section or the gas to be fed to 

the same reaction section, 

characterized in that said reactant is a reactant for decomposition of 

perfluoro compounds according to claim 2 or 3. 


