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TREATMENT OF FLUOROCARBON FEEDSTOCKS

THIS INVENTION relates to the treatment of fluorocarbon
feedstocks. It relates in particular to a method of
treating a fluorocarbon feedstock, and to a quench probe

for use in such a method.

According to a first aspect of the invention, there is
provided a method of treating a fluorocarbon feedstock,
which method includes

generating, in a high temperature zone, an electrical
arc between at least one cathode and at least one anode;

generating in the high temperature zone and by means
of the electrical arc and a plasma gas, a thermal plasma
having a tail flame;

allowing a fluorocarbon feedstock comprising at least
one fluorocarbon compound to form a reactive thermal
mixture with the thermal plasma tail flame, with the
fluorocarbon compound dissociating into at least one
fluorocarbon precursor or reéctive species having fewer
carbon atoms than the fluorocarbon compound; and p

cooling the reactive thermal mixture to form, from the
fluorocarbon precursor or reactive species, a fluorocarbon

Lty

product.'

The plasma gas may, in one embodiment of the invéntion, be

an inert gas such as argon, nitrogen, helium, or mixtures
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thereof. The inert gas thus serves only as a heat source
and to sustain the plasma, and does not react with the
fluorocarbon precursor or reactive species. However, in
another embodiment of the invention, the plasma gas may be
a reactive gas such as tetrafluoromethane (CF,) which will
thué, in the thermal plasma and hence in the reactive
thermal mixture, dissociate into fluorine containing
species and carbon containing species, which, on cooling of
the reactive thermal mixture, will ©react with the
fluorocarbon precursor or reactive species to form said
fluorocarbon product. In yet another embodiment of the
invention, the plasma gas may comprise a mixture of the

inert gas and the reactive gas as hereinbefore described.

The fluorocarbon compound may, for example, have five or
more carbon atoms. The fluorocarbon precursor or reactive
species may then have 1less than five carbon atoms; the
fluorocarbon product may then comprise at least one
fluorocarbon compound also having less than five carbon

atoms.

While the fluorocarbon feedstock may be a more-or-less pure
feedstock comprising a single fluorocarbon compound, such
as C¢F,,, it is envisaged that the feedstock will normally
be a not directly usable fluorocarbon product comprising
two or more of a range of fluorocarbon compounds such as
CsF1y, CeFia, CFis, CeFig, CiFgO, CgF160, (C3F;)3N, CeFi3H, CeFiH,,
or the like. Normally, one compound will be present in
such a product as a dominant component, ie constitute the

major proportion of such a product.

In one embodiment of the invention, the fluorocarbon
feedstock may be in liquid form. The plasma gas may then

be fed separately into the high temperature zone.



10

15

20

25

30

WO 01/58841 PCT/US01/04443

However, in another embodiment of the invention, the
fluorocarbon feedstock may be in vapour form. It may then
be fed into the high temperature zone together with the
plasma gas, or it may be introduced separately from the
plasma gas, eg into the torch or plasmatron, with the

plasma gas being fed into the high temperature zone.

In vyet another embodiment of the invention, the
fluorocarbon feedstock may initially be in liquid form,
with it being vaporized before being fed into the high
temperature zone together with the plasma gas or introduced
separately, as hereinbefore described. The vaporization of
the feedstock may be effected by passing the liquid
feedstock through a bubbler at a suitable temperature, or

by means of any other suitable vapour generator.

Typical products which may be obtained are
tetrafluoromethane (CF,), tetrafluoroethylene (C,Fy) ,
hexafluoroethylene (C,F¢) , hexafluoropropylene (C5F¢)

fluorobutylene (C,F¢), cyclic octafluorobutylene (c-C,Fg) ,
decafluorobutylene (C,F,,), octafluoropropylene (C3Fg) and

other C,F, chains where x and y are integers.

The cathode and the anode, ie the electrodes, may thus be
those of a plasma torch or plasmatron driven by a power
supply, with the plasma tail flame forming at the outlet of

the torch or plasmatron.

The generation of the thermal plasma, the dissociation of
the fluorocarbon compounds, and the cooling of the reactive
thermal mixture may thus be effected in a plasma reactor,
to which the plasma torch or plasmatron is mounted, and

which has a reaction chamber. The plasma torch or

- plasmatron may, in particular, be located at an upper end
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of the reaction chamber. The plasmatron will then be
downwardly burning, ie the plasma tail flame will travel

downwardly into the reaction chamber.

In principle, any suitable plasmatron or plasma torch may
be used. For example, the plasmatron may comprise a single
water cooled hot cathode and a battery of up to three water
cooled anodes, with the arc thus passing between the
cathode and anodes. The cathode may include a suitable

insert such as a tungsten or graphite insert.

The high temperature zone may be provided by a region in

and around, and in the immediate vicinity of, the arc of
the plasma torch or plasmatron, ie the arc between the
electrodes, and/or by a region immediately below the plasma
torch or plasmatron inside an expansion portion or area of

the reaction chamber of the reactor.

The expansion of the thermal plasma tail flame, the
dissociation of the fluorocarbon compound, and the cooling
of the reactive thermal mixture thus takes place in the
reaction chamber, with the thermal plasma tail flame
expansion and the fluorocarbon compound dissociation being
effected in a first zone of the reaction chamber, and the
reactive thermal mixture cooling being effected in a second
zone of the reaction chamber. The plasmatron will thus be
mounted to the reactor adjacent the first zone of the
reaction chamber so that the plasma can be generated and

expanded in the first zone of the reaction chamber.

The feeding of the plasma gas and, where applicable, the
feedstock in vapour form, into the high temperature zone
may thus be effected by injecting the gas between the

electrodes in such a manner that the thermal plasma forms
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a vortex in the plasma torch or plasmatron. Additional
plasma gas may be introduced between consecutive anodes, to
sustain the vortex through the first zone of the reaction

chamber.

The feedstock, when in liquid form, may be introduced into
the torch or plasmatron, ie into the arc between the
electrodes, or into the plasma tail flame. When the liquid
feedstock is introduced into the plasma tail flame, it may
be fed either tangentially into the plasma tail flame, or
axially, countercurrently to the plasma tail flame, or at
any other desired angle; however, it is believed that by
feeding the feedstock axially into the plasma tail flame
countercurrently to the‘direction of travel of the plasma
tail flame, ie axially upwardly into the plasma tail flame,
particularly good results will be obtained since all liquid
feedstock can then be vaporized by the tail flame before

entering the plasma in a wholly gas phase.

The feeding of the liquid feedstock into the tail flame is
normally by means of injection, ie through an injection
nozzle. On start-up, and in order to protect, ie cool, the
nozzle, liquid feedstock is preferably injected just prior
to initiation of the plasma. Otherwise, the feeding of the
feedstock into the thermal plasma is thus effected after

the plasma has been initiated.

Additionally, the feedstock may be introduced through a
single entry or injection point or nozzle, or through
multiple injection or entry points or nozzles which, it is
believed, will increase the amount of feedstock that can be

vaporized by the plasma tail flame.

The cooling of the second zone of the reaction chamber may
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be effected by means of a quench probe, which may be a
self-cleaning quench probe. The self cleaning quench probe
may comprise an outer cylindrical component mounted to the
reactor, providing a central passageway and adapted to cool
the hot gas or reactive thermal mixture passing through the
passageway; a plurality of circumferentially spaced
elongate teeth or scrapers protrudihg inwardly from the
outer component into the passageway; an inner cylindrical
component located with <clearance 1inside the outer
component, with the inner component also adapted to cool
the hot gas or reactive thermal mixture passing along the
peripheral gap between the components; a plurality of
circumferentially spaced elongate teeth or scrapers
protruding outwardly from the inner component into the
passageway, with these teeth or scrapers being staggered
with respect to the teeth or scrapers on the outer
component; and drive means for driving the one cylindrical
component to oscillate relative to the other cylindrical
component . The drive means may, for example, comprise a

spring loaded piston driven arm.

Instead, however, any other suitable quenching means can be
used such as rapid expansion of the product gas, gas
quenching by means of another gas which is cold, or the

like.

The reaction chamber may be operated under pressures
ranging from near vacuum to elevated pressures, depending
on the specific reaction, ie depending on the feedstock and
the desired fluorocarbon compound to be formed. Evacuation

may be effected through the quench probe.

According to a second aspect of the invention, there is

brovided a quench probe which comprises
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an outer cylindrical component providing a central
passageway and adapted to cool a hot gas passing through
the passageway;

a plurality of circumferentially spaced elongate teeth
or scrapers protruding inwardly from the outer component
into the passageway;

an inner cylindrical component located with clearance
inside the outer component, with the inner component
adapted to cool the hot gas passing along the peripheral
gap between the components;

a plurality of circumferentially spaced elongate teeth
or scrapers protruding outwardly from the inner component
into the passageway, with these teeth or scrapers being
staggered with respect to the teeth or scrapers on the
outer component; and

drive means for driving the one cylindrical component

to oscillate relative to the other cylindrical component.

The inner éomponent may Dbe located centrally or

. concentrically within the outer component. The same number

of teeth or scrapers may be provided on the inner and outer
components. The teeth or scrapers may be spaced
equidistantly apart on their components. The teeth or

scrapers may extend parallel to one another.

The components may be hollow and/or may be provided with
passages to permit a cooling fluid, such as water, to pass

through them in order to cool or quench the hot gas.
The drive means may, as also hereinbefore described,
comprise a spring loaded piston driven arm attached to one

of the cylindrical components.

Due to the oscillation of the one component relative to the
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other, removal of solidified or sublimated material
deposited on the surfaces thereof, on passage of the gas
through the annular gap between the components, is

achieved.

The quench probe is particularly suited for use in a plasma
reactor as hereinbefore described; however, it 1is not
limited only to such use. Normally, the outer component
will be fixed to the reactor, with the inner component

oscillating relative to the outer component.

The invention will now be described by way of example, with

reference to the accompanying diagrammatic drawings.

In the drawings,

FIGURE 1 shows, in simplified flow diagram form, an
installation for carrying out a method of treating a
fluorocarbon feedstock, in accordance with one embodiment
of the invention;

FIGURE 2 shows a three-dimensional view of the quench
probe of the reactor of Figure 1; and

FIGURE 3 shows, in gimplified flow diagram form, an
installation for carrying out a method of treating a
fluorocarbon feedstock, in accordance with another

embodiment of the invention.

Referring to Figures 1 and 2, reference numeral 10
generally indicates an installation for carrying out a
method of treating a fluorocarbon feedstock, according to

one embodiment of the invention.

The installation 10 includes a plasma reactor, generally
indicated by reference numeral 12. The reactor 12 is of

elongate form, and is arranged vertically. The reactor is
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double-walled (not shown) and water cooled (not shown) with
sampling holes, (not shown) spaced at various heights,
provided in the side of the reactor. The sampling holes
are used to characterize the plasma which forms at the top
of the reactor for different gases, and to obtain
temperature profiles, flow patterns and gas composition

data from inside the reactor while the plasma is burning.

A feedstock feed line 14 leads into the side of the reactor
12 and is fitted with an upwardly directed injection nozzle

16.

The installation 10 includes a plasma torch or plasmatron,
generally indicated by reference numeral 20, mounted to the
upper end of the reactor 12. The plasma torch or
plasmatron 20 comprises a water cooled hot cathode (not
shown) and a battery of up to three water cooled anodes
(not shown). The hot cathode includes a tungsten or
graphite insert (not shown). A plasma gas injection flow
line 22 leads into the plasma torch 20. 1In use, plasma gas
passes through the flow line 22 and is injected into the
torch 20 between the cathode and anodes in such a manner
that the resultant gas stream forms a vortex stabilized

plasma.

The installation 10 also includes a self-cleaning quench
probe, generally indicated by reference numeral 30,
protruding into the lower end of the reactor 12. The self-
cleaning quench probe 30 comprises an elongate watercooled
cylindrical outer component 32, which is fixed to the
reactor 12. The outer component 32 thus has a central
passageway into which protrudes equally spaced elongate
radially inwardly protruding teeth or scrapers 34. Inside

the passageway of the outer component 32 is located, with
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peripheral clearance, an elongate watercooled inner
cylindrical component 36. Equally spéced elongate radially
outwardly protruding teeth or scrapers 38 are provided on
the inner component 36, with the teeth 38 being spaced
circumferentially from the teeth 34. The teeth 34, 38 may
extend the full length of the components 32, 36, and the

vcomponents 32 and 36 are of substantially the same length.

The inner component 36 is provided with drive means (not
shown), such as a spring loaded piston driven arm, for
driving it to oscillate relative to the outer component 32,
as indicated by the arrow 40. Removal of solid
contaminants from the components 32, 36 is thus achieved by
means of the oscillating teeth 34, 38. By wmoving the
quench probe 30 up and down, the effective length of the
reactor can be increased or decreased, thereby to optimize

the reactor length.

The quench probe 30 is thus a double annular water cooled
probe designed to cool the plasma gas or reactive thermal

mixture that forms inside the reactor 12 as hereinafter

described, down to below 200°C at a rate of about

10°°C/second. The probe is self cleaning to prevent
blockages thereof since solidified or sublimated material

forms on the surfaces of the probe in use.

A flow line 50 leads from the lower end of the quench probe
30 to a filter 52, with a flow line 54 leading from the
filter 52 to a vacuum pump 56. A product withdrawal line
58 leads from the pump discharge. By means of the wvacuum

pump 56, a vacuum is thus drawn on the reactor 12.

In use, on feeding a plasma gas, such as argon, into the

plasma torch 20 through the flow line 22, a plasma is
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generated between the cathode and anodes, and at the upper
end of a reaction chamber (not shown) of the reactor 12.
The plasma burns downwardly, and a downwardly hoving and
transversely expanding plasma tail flame is formed. The
feedstock injection nozzle 16 is located in the tail flame.
A liquid feedstock comprising at least one fluorocarbon
compound having five or more carbon atoms, is injected
through the nozzle 16, ie in a direction 180° counter to the
direction of movement of the plasma tail flame, it is
vaporized so that the feedstock is in wholly gaseous form
when it reacts with the plasma gas. The £fluorocarbon
compound of the feedstock dissociates into fluorocarbon
precursors or reactive species. This occurs in an upper
zone of the reaction chamber provided by the reactor 12.
As the thermal reactive mixture move downwardly into a
lower zone of the reaction chamber, ie the zone in which
the quench probe 30 is located, the reactive thermal
mixture is cooled down thereby forming the plasma product
containing at least one more desired fluorocarbon compound

having less than five carbon atoms.

Referring to Figure 3, reference numeral 100 generally
indicates an installation for carrying out a method of
treating a fluorocarbon feedstock, according to another

embodiment of the invention.

Parts of the installation 100 which are the same or similar
to those of the installation 10 hereinbefore described with
reference to Figures 1 and 2, are indicated with the same

reference numerals.

The installation 100 includes a supply cylinder 102
containing a supply of CF, plasma gas. The plasma gas

supply line 22, fitted with a control valve 104 and a shut-
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off valve 106, leads from the cylinder 102. A line 108
leads from the line 22, upstream of the valve 106, into a
bubbler 110. The line 108 is fitted with a valve 109. A
line 112 leads from the bubbler 110 and is fitted with a
valve 114. The line 112 leads into the line 22 downstream

of the valve 106.

In the installation 100, the feedstock is first vaporized
in the bubbler 110, and then fed, as a vapor and together
with the CF, plasma gas, between the cathode and anode. The
bubbler 110 thus contains the feedstock in liquid form.
The CF, plasma gas bubbles through the liquid feedstock,
with the CF, plasma gas thus becoming saturated with the
feedstock in vapour form before entering the plasma reactor

12.

In the specific Examples hereinafter discussed, a 30kW
plasma torch or plasmatron was used. A plasma gas flow
rate of about 3kg/hour was used. Before commencing the
tests or examples, the system was evacuated to about 10kPa,
and flushed with argon. The plasma was initiated by a high
voltage starter (not shown) and maintained by a 30kW power
supply. After the argon plasma initiation had been
completed, a switch-over to the desired plasma gas was
done. It will, however, be appreciated that on other
reactor systems, the plasmatron can be initiated directly
on the desired plasma gas, depending on the design of the

plasmatron.

EXAMPLE 1

The installation 10, operating with an argoﬁ plasma, was
used. The feedstock comprised liquid by-product consisting
of C¢F,,-CioF,, £luorocarbons, with the CiF;, being present in

excess of 90% (molar basis). It was found that after three



10

15

WO 01/58841 PCT/US01/04443

13

hours, the reactor was still relatively clean, with only a
thin carbon layer deposited on the cold surfaces of the

reactor.
The results obtained are set out in Tables 1 and 2.

EXAMPLE 2

The same installation as in Example 1, was used. A CF,
plasma torch and CF, plasma gas were used in this example.
The results of this test compared well to those of Example
1, as indicated in Tables 1 and 2. The only substantial
difference between Examples 1 and 2 1is that a final
separation of the plasma gases is required in Example 1,
since argon used for the plasma in Example 1, is inert and
does not take part in the reaction. The excess argon thus

needs to be separated out, as an additional step.
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Table 1 - Results
Example 1 Example 2
Ar plasma gas CF, plasma gas
Torch efficiency (%) 44 77
Energy In (kW) 7,5 25,8
Energy Out (kW) 9,7 25,7
Enthalpy below torch (kWh/kg) 1,1 6,6
Run time {min) 182 188
Liquid fluorocarbon feed rate (kg/h) 1,87 0,91
Mass feedstock fed (kg) 5,67 2,85
Mass deposit relative to feed (kg/kg) 0,00457 0,0147

As can be seen from Table 1,

Example 1 is more than double that in Example 2.

the feed mass flow rate of

However,

the deposits in Example 1 were substantially less compared

to those of Example 2. The argon assisted conversion of

Example 1 is more efficient on throughput of material for

the setup and system configuration as indicated in Figure

1.
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Table 2 - Analytical Results

Example 1 Example 2
Ar plasma gas CF, plasma gas

Plasma products

Air / Ar (%) - -

CF, (%) 4.4 15,7

C,Fs (%) 10,6 8,7

C,F, (%) 43,7 46,8
CiFg (%) 16,5 15,6
CsFs (%) 14,6 8

Other 10,2 5,2

In Table 2, the concentrations of the product compounds as
analyzed by gas chromatography have been normalized with
respect to the résulting plasma product constituents, in
order to simplify the comparison between the different
examples. This eliminates the distortion of the nearly 90%
argon/air in Example 1, and 10% air in Example 2. However,
it must be recognized that the excessive value of argon in
the first run still has to be recovered from the product

stream as well as the air in both cases.

The reactor configuration of Figure 1 described

.hereinbefore with the specific process conditions as also

described hereinbefore, is set up for the manufacture of
TFE (C,F,). When it is desired to maximize the production
of any other fluorocarbon products having less than 5
carbon atoms, it will be necessary to change the reactor
conditions to obtain suitable yields of that specific

product.
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EXAMPLE 3

In this example, a series of different fluorocarbon liquids
as 1indicated in Table 3, were converted into useful
products such as tetrafluoroethylene (TFE) ,
hexafluoropropylene (HFP) and cyclic C,Fg, with the emphasis
on TFE. The installation of Figure 3 was used. Thus, the
feedstock was introduced, as a vapor, into the plasmatron
between the cathode and anode. This waé achieved by means
of the bubbler 110 through which the CF, plasma gas was
bubbled. The vapor pressures of the various feedstocks as
well as the bubbler temperature determined the evaporation
and hence the flow rate of the feedstock being fed into the

plasma.

The plasma reactor 12 was run under normal start-up
conditions for approximately 5 minutes after which the CF,
was routed through the liquid feedstock in the bubbler at
a bubbler pressure of 130 kPa (abs). The CF, saturated with
feedstock vapor was fed into the plasma torch, which was
maintained at about 10 kPa (abs). The plasma current was
then adjusted to achieve the desired enthalpy. Almost all
the runs started on an enthalpy of about 6,4 kWh/kg of
plasma gas and after an hour it was lowered to about
4 kWh/kg of plasma gas. The feedstock feed rate,
plasmatron potential and current, feedstock temperature,
cooling water temperature and reactor pressures were
constantly measured and logged against time. GC samples
were taken under stable equilibrium conditions to represent

each run.

Table 3 shows the operating conditions for the different
runs arranged according to decreasing molecular weight (mw)
of the liquid feedstock. Some run times were shorter than

others, eg the runs with C; and C; liquid feedstocks,
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because of their higher evaporation rate and the limited
bubbler capacity. In some cases the temperature of the
bubbler was varied to investigate the effect on yield of

higher evaporation and hence feed rate into the plasma.

Table 4 shows the relative product yields along with the
plasma enthalpies at two levels, namely, at the outlet of
the torch and directly upstream of the quench probe. In
general it is observed that for the same system conditions
(Volts, Amperes, CF, mass flow, bubbler temperature) the
enthalpy decreases aé the molecular weight ('mw') of the
liquid decreases. This is due to the increased amount of
vapor present in the gas stream for the higher wvapor
pressure samples, which had the effect of increasing the
total mass flow through the torch. The torch efficiency
accounts for the energy that is lost inside the torch due
to radiation. In the analytical results only the most
prominent products are mentioned. Other products such. as
C,F;, C,F,, C,F,,, etc. only make up about 1 - 2 % of the
total product gases. Generally speaking, at bubbler

temperatures from ambient conditions up to about 40°C the

lower molecular weight liquids (CsF,, and C¢F,,) produced the
best TFE yields. The main reason for this is their higher
evaporation (feed) rate for the same CF, plasma-gas feed

rate.

Table 5 summarizes the mass balance calculated for each
run. The outlet flow from the proéess was not measured.
However, since there were no traces of condensable
materials in the product, the assumption was made that 100
% of the feedstock had been converted into gaseous
products. On this basis the CF, consumption was calculated
as the difference between CF, flow rate in and out. The

carbon balance column, however, indicates that in almost
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all runs additional carbon had been added, probably from
the graphite lining inside the reactor. This phenomenon is

more pronounced at high enthalpies than at lower values.

An important aspect of the conversion process is the CF,
consumption. In all but the last run, CF, was consumed.
Also, at high enthalpies more CF, was consumed than at low
enthalpies. Conversely, in run 7 (C;F,,) the CF, content in
the product gases was higher than in the initial plasma
feed. A possible explanation is that CF, is formed as an
intermediate in the initial cracking process for at least
some of these liquids and that the rate of formation of CF,
in this instance (short carbon chain length) exceeds the

consumption.

Superficially, high enthalpy appears to be advantageous for
TFE production, a phenomenon which is more accentuated with
the higher molecular weight 1liquids. However, close
inspection reveals that this also correlates with high CF,
consumption as well as with carbon utilization from the
erosion of the graphite lining. These findings therefore,
rather illustrate that energy is being wasted in converting
valuable plasma gas (CF,) into TFE instead of converting the
liguid feed. BAnother disadvantage of high enthalpy is the
phenomenon of anode erosion in the plasmatron, as discussed

hereinafter.

In contrast, the low enthalpy sections of the runs (first
row in each run, Table 4) clearly illustrate that the TFE
yield rate 1is substantially proportional to the 1liquid
fluorocarbon feed rate. Any discrepancies may be accounted
for by the variation in CF, consumption rates. Furthermoré,
the CF, consumption was relatively low at about 0.5 kg/h

across the board, except in run 7 as discussed above, where
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surprisingly it was negative. Since CF, is a high value
commodity utilized here as the plasma gas, ie the heat
source, ideally it should not participate in the production
of the desired gases, but rather be recirculated through
the process cycle. Thus the finding in run 7 was not only
unexpected but highly encouraging, since this means that
low molecular weight fluorocarbon liquids such as CsF,, can
be utilized as an additional source of CF4 and, fed in the
right proportion, may be introduced in any production run
to establish a self sustaining fluorocarbon materials
conversion plasma reactor, saving input costs of raw

materials.

The TFE production rate seems to be proportional to the
liquid fluorocarbon feed rate, irrespective of the nature
(molecular weight) of the ligquid, and since the feedstock
(vapor) feed rate evidently varies proportionally to the
vapor pressure of the particular feedstock to be converted,
it 1is assumed that the production rates from higher
molecular weight feedstocks could be raised by raising the

temperature of the liquid feedstock in the bubbler chamber
above the wupper 1limit of 40°C in the present runs.

Subsegquent zruns at such higher temperatures and at

prolonged times (not shown) have been encouraging.

Visual inspection of the reactor after run times of up to
4 hours showed no significant residue anywhere in the
system. The graphite lining  inside the reactor seems to
have served as a consumable carbon source, but it is highly
likely that the primary erosion was caused by mechanical
wear due to the high velocity gas. It is therefore
possible in prolonged runs that the erosion of the lining
may taper off to a point where the graphite will remain

constant in mass.



10

15

WO 01/58841 PCT/US01/04443

20

No blockages occurred in the quench probe or in the filters
during any of the runs, which generally occurred when raw
carbon was fed into such a reactor (runs not shown).
Similarly, during a number of preliminary runs (also not
shown) a build up of carbon from the carbon inserts in the
cathode caused an electrical short between the cathode and
anode. This was more pronounced in longer runs and
particularly with high enthalpy values. During the present
funs, however, no significant build up or any form of

deposit was observed in the plasmatron.

It is apparent that the vapor phase introduction of liquid
feedstocks into the plasma is advantageous and yields
relatively good results with low'maintenance. Moreover,
the relative yields of the products may be controlled by
appropriately adjusting either the process parameters or

the feed mix or both.



PCT/US01/04443

WO 01/58841

21

suoqJesolsonyy Jaylo Ajgissod ‘siuauodwiod Jayio

= X

€9 9 ol°14 ozl €8 oL (074 oV oL

€9 ¥9 0S¢ LTl 0'6 LS gl o't 0'¢ 245

€9 ¥9 Gt 99l 8zl v9 LL vy o€ 050§ 4d L

LL ¥8 Gyl €91 G'ZL 8¢ Le 8'¢ o't ¥ o

LL 8 Gt eVl oLl A 8l vz 6'¢ 0906 dd 9

v9 89 vl 9€1L L'ZL £l 8z Gl o€ e o]

68 L6 GvlL GGl 6CL ) £e Ll 6'v 0L0S 4d G
9zl zel 0S¢ oLt 801 9'g T4 St'0 0'€ L x+84%)

ozl zelL ovlL T4} Z'ol 9°'G T4 Gt'0 0t £009 24 4
ocl Lt 0se LLL G0l L'9 T4 6£°0 o't 8 480%09

o€l LEL ovlL Y4 G0l L9 Y4 6£°0 o€ YL D4 £
otl 8el LGe vLL gLl 9'g Gz 0 o'e L Lo}

oclL gel ovlL gzl el 9'g Gz vv'0 0t GGZ€ Od r4
LGl G/ 0S¢ Ll oLl L'l T4 GL'0 0'¢ NE(“4%D)

LG GLL 0S1 il L0l L'l ¥4 GL0 o€ £82€ 04 L

Nooispead | jesenQ (w) (A) (sqe ed) (ed¥) (2,) yooispead | ¥4D
pinbiy waun) abejjon d Jjodep dwa] pInbi
uol1eH}13udP|
ajdwes uoq.ed JoquinpN
{sernuiw) 1amod ainssald paa4 pinbi (uy/6x) -oJonj4 pinbn uny
awil uny 1ndu| ewse|d Joloeay alel pasy |B1O0]

suonipuo)) buneisdQ - ¢ 9[qel

Sl

ol



PCT/US01/04443

WO 01/58841

22

SN0 1a1em Buijood ayl woly Ajjedliawiioled paie|nojed
suogJedolon) 18ylo Ajqissod ‘sjusuodwiod Jayio

ajow/By ul ssew Jejnosjow Jusauodwod 19Npold

L
X * %*

00 ovs | oLL | 062 €Z LY 6L 0'0€
0’0 008 | O°LL 0'6€ 0'¢ vy ¥8 L'LE F e
00 0Ly 0'0 0'€S €1 9'C 18 L'vZ 0506 4d L
07 0'vE 0'9 0'99 81 6'C Gg 9T "'4°0
8'g 0'ZE z'S 0'LS 91 LT Z8 L0T 090§ dd 9
00 0'8Z | 0ZL | 069 61 g'€ 08 8'61l i o)
0l o've 09 0'69 91 LT Gg v'ze 0L0G 4d S
L'z 0°0¢ L'L €85 0'€ 6'G vL G'LT L X+848)
L0 g8l LY L'8L ¥'0 9'¢ L. WA £009 04 %
Ll L9l 8y 8'9/ 6'C 0'9 VL L'LT 8 489%09
80 V'S5l AR L'SL vL 8'c VL GLL YL 04 €
8'C 8'€€ 8L Z'¥S 8’1 6'G L G'8C 8489
0'0 80l €€ 198 G0 g'e oL WA GGZE 24 r4
€C z'82 L9 8'09 81 g9 ZL G'8Z NE(“45D)
9'0 GEl 6°'E GLL rAd) 8¢ LL L°LL €8Z€ O4 L
(%) (M)
OGlx | OOL« | 8ELx | 88« youanp | yoio)
= 50 '8 | °4%D *40
uolleoliuap| JaquinnN
%% s|dwes uoqJed uny
(B3/ym) Aouaioiyye ui ABisug -oJon|4 pinbry
(% |0A) s1onpoud ewise)d saldjeyiug youo|

SISA[EUy ewised pue seq 10npoid - ¢ 8|[qel

vv

Sl

0l



suogJiesolon|} Jayio Agissod ‘sjusuodwod Jaylo = x

PCT/US01/04443

23

0 o 00°0 1s'2 9.0 Ll L0 00'¥ 0L
z 6- 00°0 [A7A> 960 Z9°L 8€'0 00t 0'C [ o)
L G- 00°0 LL'€ 00'0 69°'¢ 69°0- 88¢ ov'v oe 0506 4d L
z 6- v'o 6€£°C 856°0 LY'E €50 98'Z ot i o]
z 8- +5°0 66°L St°0 [4N> 85°0 8ce ov'e L'E 0906 d4d 9
i 9- 000 Let 8L'0 vv'e 950 £5°1 o€ #1440
L L- 0L'0 89°1L 850 YTy 99'0 88€ oLl 6t 0£06 4d g
4 ze- LL'0 90°1 8€'0 181 6L°L 9¢£'0 o€ L X+848
L 8- +¥0'0 $6°0 ¥Z'0 $5'¢ 9v'0 8ev 9g'0 o€ £009 04 %
r4 6- 90’0 09°0 20 08¢ 05'0 ov'0 o€ 8 480%09
L 8- G500 65°0 zZZ°0 462 9v'0 gey ov'o o€ L 24 €
% £Z- GL'0 A 8€°0 AN 621 S0 o€ B o)
0 z 00°0 L¥'0 FAN) L8'T €10 8EY St°0 o€ §6ZE 04 z
4 GZ- ZL'0 $6°0 10 6L'1L Lzl GL'0 o€ NE{“45D)
4 LL- £0'0 810 610 Yo'z 96°0 1ZS 510 ot £8Z€ 04 L
¥40
{%) (%) {u/6%) {u/63) (u/6%) {u/6%) (u/63) {(sjowy/6)) | Xooispaay
pinbyy
3}201spas
a1e4 alel sjel alel pinbn
aouejeq aoue|eq MO} MO} MO} MO} uondwnsuo) JO ssew {(u/63)
-4 -0 iE o) {E o) o) Y40 Y40 3101 8}el MO|} pasd
uoneosyiuap|
ajdwes uoq.ied JagquinN
-oJonj4 pinbin uny
10143 9, s1onpoud 1ndu|

WO 01/58841

aouejeq MO|} SSEN - G 9|gel




10

WO 01/58841 PCT/US01/04443

24

It is believed that the method of the invention provides a
means for the conversion of any fluid fluorine- and carbon-
containing chemical or substance that is not directly
usable, including a fluorocarbon compound having five or
more carbon atoms, into useful products, such as TFE, by
means of high temperature pyrolysis. In particular, it
provides a means for the conversion of liquid fluorocarbon

by-products into useful high value fluorine gas products.
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CLAIMS:

1. A method of treating a fluorocarbon feedstock,
which method includes

generating, in a high temperature zone, an electrical
arc between at least one cathode and at least one anode;

generating in the high temperature zone and by means
of the electrical arc and a plasma gas, a thermal plasma
having a tail flame;

vallowing alfluorocarbon feedstock comprising at least
one fluorocarbon compound to form a reactive thermal
mixture with the thermal plasma tail flame, with the
fluorocarbon compound dissociating into at least one
fluorocarbon precursor or reactive species having fewer
carbon atoms than the fluorocarbon compound; and

cooling the reactive thermal mixture to form, from the
fluorocarbon precursor or reactive species, a fluorocarbon

product.

2. A method according to Claim 1, wherein the plasma
gas is an inert gas which acts only as a heat source and to
sustain the plasma, and does. not react with the

fluorocarbon precursor or reactive species.

3. A method according to Claim 1, wherein the plasma
gas is a reactive gas which, in the thermal plasma and
hence in the reactive thermal mixture, dissociates into
fluorine containing species and carbon containing species,
which, on the cooling of the reactive thermal mixture,
react with the fluorocarbon precursor or reactive species

to form said fluorocarbon product.

4. A method according to any one of Claims 1 to 3
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inclusive, wherein the fluorocarbon compound has five or
more carbon atoms, with the fluorocarbon precursor or
reactive species then having less than five carbon atoms,
and with the fluorocarbon product comprising at least one
fluorocarbon compound also having less than five carbon

atoms.

5. A method according to any one of Claims 1 to 4
inclusive, wherein the feedstock is a not directly usable
fluorocarbon product comprising two or more fluorocarbon
compounds, with one compound being present in the product
as a dominant component so that it constitutes a major

proportion of the product.

6. A method according to any one of Claims 1 to

5 inclusive, wherein the fluorocarbon feedstock is in
liquid form and is introduced into the plasma tail flame,
with the plasma gas being fed into the high temperature

zone.

7. A method according to Claim 6, wherein the
feedstock is introduced into the plasma tail flame byb
feeding the feedstock axially into the plasma tail flame
countercurrently to the direction of travel of the plasma

tail flame.

8. A method according to any one of Claims 1 to 5
inclusive, wherein the fluorocarbon feedstock is in vapour
form and is fed into the high temperature zone together

with the plasma gas.

9. A method according to any one of Claims 6 to 8

inclusive, wherein the cathode and the anode are electrodes
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of a plasma torch or plasmatron driven by a power supply,
with the plasma tail flame forming at the outlet of the

torch or plasmatron.

10. A method according to Claim 9, wherein the
generation of the thermal plasma, the dissociation of the
fluorocarbon compound, and the cooling of the reactive
thermal mixture are effected in a plasma reéctor, to which
the plasma torch or plasmatron is mounted, and which has a
reaction chamber, with the plasma torch or plasmatron being
located at an upper end of the reaction chamber and being
downwardly burning so that the plasma tail flame travels
downwardly into the reaction chamber, and with the plasma
torch or plasmatron comprising a single water cooled hot
cathode and a battery of up to three water cooled anodes,
with the arc thus passing between the cathode and the

anodes.

11. A method according to Claim 10, wherein the high
temperature zone is provided by a region in and around, and
in the immediate vicinity of, the arc of the plasma torch
or plasmatron and/or by a region immediately below the
plasma torch or plasmatron inside an expansion portion or

area of the reaction chamber of the reactor.

12. A method according to Claim 11, wherein the
expansion of the thermal plasma tail flame, the
dissociation of the fluorocarbon compound, and the cooling
of the reactive thermal mixture take place in the reaction
chamber, with the thermal plasma tail flame expansion and
the fluorocarbon compound dissociation being effected in a
first zone of the reaction chamber, and the reactive

thermal mixture cooling being effected in a second zone of
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the reaction chamber, with the plasmatron being mounted to
the reactor adjacent the first zone of the reaction chamber
so that the plasma can be generated and expanded in the

first zone of the reaction chamber.

13. A method according to Claim 12, wherein the
feeding of the plasma gas into the high temperature zone is
effected by injecting the plasma gas between the anode and
the cathode in such a manner that the thermal plasma forms

a vortex in the plasma torch or plasmatron.

14. A method according to Claim 13, wherein
additional plasma gas is introduced between consecutive
anodes, to sustain the vortex through the first zone of the

reaction chamber.

15. A method according to any one of Claims 12 to 14
inclusive, wherein the cooling of the second zone of the
reaction chamber is effected by means of a self-cleaning

quench probe.

16. A method according to Claim 15, wherein the self
cleaning quench probe comprises an outer cylindrical
component mounted to the reactor, providing a central
passageway and adapted to cool the hot gas or reactive
thermal mixture passing through the passageway; a plurality
of circumferentially spaced elongate teeth or scrapers
protruding inwardly from the outer component into the
passageway; an inner cylindrical component located with
clearance inside the outer component, with the inner
component also adapted to cool the hot gas or reactive
thermal mixture passing along the peripheral gap between

the components; a plurality of circumferentially spaced
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elongate teeth or scrapers protruding outwardly from the
inner component into the passageway, with these teeth or
scrapers being staggered with respect to the teeth or
scrapers on the outer component; and drive means for
driving the one component to oscillate relative to the

other component.

17. A quench probe which comprises

an outer cylindrical component providing a central
passageway and adapted to cool a hot gas passing through
the passageway;

a plurality of circumferentially spaced elongate teeth
or scrapers protruding inwardly from the outer component
into the passageway;

an inner cylindrical component located with clearance
ingside the outer component, with the inner component
adapted to cool the hot gas passing along the peripheral
gap between the components;

a plurality of circumferentially spaced elongate teeth
or scrapers protruding outwardly from the inner component
into the passageway, with these teeth or scrapers being
staggered with respect to the teeth or scrapers on the
outer component; and

drive means for driving the one cylindrical component

to oscillate relative to the other cylindrical component.

18. A gquench probe according to Claim 17, wherein the
inner component is located centrally within the outer
component; and/or wherein the same number of teeth or
scrapers are provided on the inner and outer components;
and/or wherein the teeth or scrapers are spaced
equidistantly apart on their components; and/or wherein the

teeth or scrapers extend parallel to one another.
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19. A quench probe according to Claim 17 or Claim 18,
wherein the inner and outer components are hollow and/or
are provided with passages to permit a cooling fluid to

pass through them in order to cool or quench the hot gas.

20. A guench probe according to any one of Claims 17
to 19 inclusive, wherein the drive means comprise a spring
loaded piston driven arm attached to one of the cylindrical

components.

21. A novel method of treating a fluorocarbon
feedstock, substantially as described and exemplified

herein.

22. A novel quench probe, substantially as described

and illustrated herein.
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