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DEHYDROCHLORINATION OF HYDROCHLOROFLUOROCARBONS USING
PRE-TREATED ACTIVATED CARBON CATALYSTS

CROSS REFERENCE TO RELATED ARPPLICATION
This application is related o, and claims priority o, U.S. Application No.

60/963,913, filed August 8, 2007 which is incorporated herein by reference.

BACKGROUND

1. Field of the Disclosure

The present disclosure relates to a method for using activated carbons in
dehydrochlorination processes. More specifically, the present disclosure relates (o a
method for preparing hydrofiouorcalkenes from hydrochlorofluoroalkanes using

prefreated activated carbon.

2. Description of the Related Art

Activated carbons can be used as a catalyst for the dehydrochiorination, or
conversion of hydrochloroflucrocarbons (HCFCs) into flucorinated alkenes thatl have
lower global-warming polentials (GWF). These fluorinated alkenes can be used in a
wide variety of applications, including as refrigerants, propeliants, cleaning agents,
and as monomers of macromolecule compounds.

The activated carbon tends o become deactivated quickly, however, which
results in a drastically reduced rate of conversion of the HCFCs. Thus, thereis a
need for a method or process to improve the stability of activated carbon during the
dehydrochlorination process.
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SUMMARY OF THE INVENTION

Appiicants have found demineralizing and/or oxidizing an activated carbon
catalyst unexpectedly stabilizes the calalysts during cerfain dehydrochiorination
reactions, for exampie, dehydrochiorinating 1,11, 2-tetrafluore-2-chioropropane
(HCFC 244bb) to form 2,3,3,3-tetraflucropropene (HFC-1234vf).

Accordingly, in certain aspects of the invention provided is a method for
producing a flucrinated altkene comprising dehydrochiorinating a
hydrofluorochioroalkane in the presence of a siabilized catalyst, wherein said
stabilized catalysl is selected from the group consisting of demineralized activated
carbon, oxidized activated carbon, or a combination therect.

i anocther aspect of the invention, provided is a method for pre-treating an
activated carbon catalyst comprising demineralizing said activated carbon catalyst
and oxidizing said activated carbon catalysl.

in yel another aspect of the invention, provided is an activaled carbon catalyst

prepared according o such a pre-treatment process.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1-5 show experimental data conceming several embodiments of the

method of the present disclosure.

DETAILED DESCRIPTION OF
FREFERRED EMBODIMENTS OF THE INVENTION

The present disclosure has advantagecusly discovered a novel method for
improving the stability of activated carbon (AC) during the dehydrochiorination of
HCFCs having at least one hydrogen and at least one chioring on adjacent carbons.
The AC can be pre-treated before being ulilized in the dehydrochiorination process
according o the methods discussed in greater detail below. As is shown in the
provided data, this pre-treatment provides a substantial improvement in the stability

and performance of the AC.
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i a first embodiment, the AC is pre-trealed with an acid al room temperature
or higher. Preferred acids for this process include hydrochioric acid (HC,
hydrofluoric acid (HF}, or a combination of the two. The pre-treatment with the acid
comprises the following steps: 1) the AC is mixed with an aqueous solution of the
acid, 2) the suspension is stirred for at least a first period of time at room
temperature or higher and then filtered {o separate the acid from the AC, 3} the AC
is washed with distilled water until substantially free of ions from the acid, and 4) the
AC is dried for at least a second period of time al a first temperature. The AC
sample can be dried in air at a temperature of about 50°C {0 about 120°C, or higher.
The AC can also be dried in air at a temperature of about 100°C 1o about 110°C.
The first period of time can be from about 8.5 hours {o about 24 hours, or longer.
The second period of time can also be from about 8.5 hour o about 24 hours, or
longer.

in a second embodiment, the pre-treaiment of the AC can be carried out
using an oxidizing agent in a liquid phase. In this embodiment, the pre-treaiment
comprises the following steps: 1) the AC is mixed with an aqueous solution of the
oxidizing agent; 2} the suspension is stirred for at least a third period of time at room
temperature or higher and then filtered {o separate the AC from the oxidizing agent,
3) the AC is dried for at least a fourth period of time al a second temperature, and
then 4) heat-ireated in an inert gas, such as nitrogen, for al least a fifth period of
time and at a third temperature. The third and fourth periods of time can also be
from about 0.5 hour to about 24 hours, or longer. in siep 3), the AC can be dried at
about 50°C to about 120°C, or higher. In step 4), the fifth period of time can be
about from about 0.5 hour {0 about 4 hours, or longer. The third temperature can be
from about 250°C to 750°C or higher. The third period of time can also be 1 hour,
and the third temperature can also be about 4G0°C. For the liquid phase, non-limiting
examples of the oxidizing agent include nitric acid (HNG;) and hydrogen peroxide
{H,0) agueous solutions, or combinations of the two.

in a third embodiment, the pre-freatment of the AC can be carried out using

an oxidizing agent in a gas phase. In this embodiment, the pre-treatment comprises
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the following steps: 1) the AC is loaded inlo a reactor, 2) pure or diluted gasecus
oxidizing agent is flowed through the reactor, and 3) at least a portion of the AC is
oxidized for a sixth period of time at a fourth temperature. In step 2, the oxidizing
agent can be diluted with an inert gas, such as nifrogen. The concentration of the
oxidizing agent in this diluted mixture can be from about 1% (o about 10%. In siep
3}, the sixih period of time can be from about 5 seconds o about 12 hours or longer,
or alternatively, about 2 hours. The fourth iemperature can be from about 250°C 1o
about 750°C, or higher. The fourth temperature can also be about 450°C. Generally
speaking, a longer period of time is needed for a lower temperature. During this
oxidation siep, oxygen-containing groups are formed on the surface of the AC, and a
small fraction of the AC may be burmed off at elevated temperatures due {0 deep
oxidation. For the gas phase, non-limiting examples of the oxidizing agent include
diatomic oxygen {O2) and carbon dioxide (CO;), or combinations of the two.

The AC can be pre-treated with any one of the above described pre-
ireatments singly, or can be treated with any combination of the three. For exampile,
the AC can be pre-treated with HCI, followed by a second pre-treatment with HNG;.
In addition, although the above-described methods concemn AC that is pre-treated
before being used in a dehydrochlorination process, the present disclosure also
contemplates treating spent or deactivated AC with these methods, o rejuvenate the
AC. The deactivated AC can undergo the treatment methods described above, and
then be used in a dehydrochlorination process once they have been rejuvenated.

There are a number of HCFCs that can be used in the dehydrochlorination
process of the present disclosure. Table 1 below shows a list of possible HCFCs
and the resulting fluorinaled alkenes that are produced by the dehydrochlorination

process.
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Table 1
HCFC Fluorinated alkenes
CFCFCICH; (244bh) CF,OF=CH, (1234
CECHFCHC (2448b) CFACFE=CH, (1234vyf)
CFCHCHFCI (244fa) CFCH=CHF {trans/cis-1234ze)
CF,CHCICHF (244db) CFCH=CHF (frans/cis-1234ze)
CF.CFCICH,F (235bb) CFOF=CHF (Z/E-1225ve)
CF:CHFCHFCE (235ea) CFCF=CHF (Z/E-1225ye}
CF.OHCF,C (2351a) CFCH=CF, (1225z¢)
CFOHCICHF, (235da) CF3CH=CF, (1225z¢)
CFECFCICHF, (226ba) CFEL.CF=CF, (1216)
CF.CHFCF,Cl (226ea) CFCF=CF,; {1216)

in any of the above-~-described embodiments, the HCFC that undergoes
dehydrochlorination can be 1,1,1,2-lelrafluoro-2-chloropropane, also known as
244bb, and the resultant fluorinated alkene is 2,3,3,3-etraflucropropens, also known
as 1234yf. The following experimental data demonsirates that pre-treatment of AC,
before being used in the dehydrochionination process, can improve the ability of the
ACs to catalyze the conversion of HCFCs into fluorinated alkenes, over that which is
achieved with untreated AC. Methods of dehydrochlorination are described in co-
pending Uniled Siates Patent Application No. 11/619,592, filed on January 3, 2007,
(hereinafter “the '592 application”} which is incorporated herein by reference. The

AC is available from a number of sources, including the Alfa Aesar Corporation.

Example 1. 244bb dehydrochlorination over untreated and HCltreated ACs

in Example 1, untreated and HCl-trealed activated carbons (ACs) were used
as dehydrochliorination catalysts. 20 cc of catalyst granules was used. A mixture of
92.7% of 244bb/6.5% of 1233 was passed through a bed of each of the AC
catalysts at a rate of 6 g/h. 1233xf is an intermediate product formed during the
fluorination of CCly=CCICH,Cl, and is used as raw malerial for producing 244bb, as
described in the 592 application. For this reason, streams of 244bb often comprise
some amount of 1233xf. The temperatures at the bottom of the catalyst bed and at

(%3}
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the top of catalyst bed were recorded and reported. As shown in Figure 1, which
shows data at 350-385°C, the siability of AC was slightly improved after freatment
with HCL

Example 2! 244bb dehydrochlorination over HCI- and HC! & HNOs-treated
activated carbons

in Example 2, AC pretreated with HCI, and AC pre-treated with both HCl &
HNO;3 according to the methods described above, were used as dehydrochiorination
catalysts. 20 cc of catalyst granules was used. A mixture of 92.7% of 244bb/ 6.5%
of 1233xf was passed through a bed of each of the AC catalysts al a rale of § g/h.
The temperatures at the bottom of the catalyst bed and at the top of catalyst bed
were recorded and reported. As shown in Fig. 2, at 350-385°C, compared to the AC
pre-treated with only HCI, the HC & HNO; pre-treated AC showed much higher
siability. Over the ialter the conversion of 244bb was still above 80% after 10 hours
on stream, while over the former it was already below 55% after 10 hours on stream.
This resull suggests oxidation treatment in liquid phase with HNG;, particularly when
used in conjunclion with the pre-treatment of HCL, can greatly improve the stability of
AC.

Example 3: 244bb dehydrochlorination over HCI- and HCI & H,Op-treated
activated carbons

i Example 3, AC pre-ireated with HCI, and AC pre-treated with both HCI &
H, O, according to the methods described above, were used as dehydrochlorination
catalysts. 20 cc of catalyst granules was used. A mixture of 82.7% of 244bb/ 6.5%
of 1233xf was passed through a bed of sach of the AC catalysis at a rate of 6 g/h.
The temperatures at the bottom of the calalyst bed and at the top of catalyst bed
were recorded and reporied. As shown in Fig. 3, at 350-385°C, compared {o the AC
pre-treated with HCI only, the AC pre-treated with both HC! & H,O, exhibited higher
stability. The latter exhibiled a rate of conversion of 244bb of about 70% after 10
hours on siream, while the former exhibited a rale of below about 55% afier 10
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hours on stream. This resull suggests that pre-treatment of the AC in liquid phase
with HxO5, after pre-treatment with HCI, can improve the stability of the AC over that
which is only pre-ireated with HCL

Example 4: 244bb dehydrochlorination over HCI- and HCI & 5% Oy/N~treated
activated carbons

in Example 4, AC pre-ireated with only HCE and AC pre-treated with HCL & a
mixiure of 5% 0,/95%N,; were used as dehydrochlorination catalysts. 20 cc of
catalyst granules was used. A mixiure of 92.7% of 244bb/6.5% of 1233xf was
passed through a bed of each of the AC calalysts at arate of 6§ g/h. The
temnperatures al the botlom of the catalyst bed and at the top of catalyst bed were
recorded and reported. As shown in Fig. 4, at 350-385°C, the AC treated with HCI
and the mixlures of 5% of 0/85% of N; was able to maintain its aclivity at the level
of about 70% for almost 7 hours {from the 3" to the 10" hours on stream), al least.
The performance of the HCi-trealed AC, in conirast, decreased over time. This
indicates that oxidation pre-treatment of the AC with g gaseous O; mixiure,
particularly in conjunclion with pre-treatment with HCY, can greatly improve the

siability of ACs long term.

Example 5: 244bb dehydrochiorination over pristine and HNGs-treated
activated carbons

in Example 5, untreated AC, and AC pre-treated with HNGOs according to the
method described above, were used as dehydrochiorination catalysts. 20 cc of
catalyst granules was used in a typical run. A mixture of 97.2% of 244bb/2.0% of
1233xf was passed through catalyst bed at a rate of 6 g/h. The temperatures ai the
botiom of the catalyst bed and at the top of catalyst bed were recorded and reported.
As shown in Figure 5, at 350-385°C, the AC pre-treated with HNG; was able o
maintain its activity at the level of above 75% from the 4th to the 8" hour. The
performance of the untreated AC, by conltrast, steadily decreased over time. This
indicates that the stability of the AC can be significantly improved by pre-treatment
with HNO;, even without pre-treatment with HCL

7
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The present invention having been thus described with particular reference to
the preferred forms thereof, it will be obvious that various changes and maodifications
may be made therein without departing from the spirit and scope of the present
invention as defined in the appended claims.
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CLAIMS

What is claimed is:

1. A method for producing a fluorinated alkene comprising:
dehydrochlorinating a hydrofluorochioroalkane in the presence of a
stabilized catalyst, wherein said stabilized calalyst is selecled from the group
consisiing of demineralized activated carbon, oxidized aclivated carbon, or a

combination thereof.

2. The method of claim 1 wherein said hydrochlorofiucroalkane is selected from
the group consisting of 1,1,1,2-telraflucro-2-chloropropane, 1,1,1,2-
tetrafiuore-3-chioropropane, 1,1,1,3-tetraflucre-3-chicropropane, 1,1,1,3-
tetrafiuoro-2-chloropropane, 1,1,1,2,3-pentaflucre-2-chicropropane, 1,1,1,2,3-
pentafluoro-3-chioropropane, 1,1,1,3,3-pentaflucro-3-chloropropans,
1,1,1,3,3-pentaflucre-2-chioropropane, 1,1,1,2,3,3-hexafiuoropropang-2-

chioropropane, and 1,1,1,2,3,3-hexafluore-3-chioropropane.

3. The method of claim 1 wherein said hydrochiorofluorecalkane is 1,1,1,2-

tetraflucro-2-chioropropane.

4, The method of claim 1 wherein said fluorinated alkene is selected from the

group consisting of: 2,3,3,3-tetraflucropropene, 1,3,3,3-tetrafluoropropene,
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10.

1,2,3,3,3-pentallucropropene, 1,1,3,3,3-pentafiucropropene, and 1,1,2,3,3,3-

hexafluoropropene.

The method of claim 3 wherein said fluorinated alkens i5 2,3,3,3-

tetraflucropropens.

The method of claim 1 wherein said stabilized catalyst is aclivated carbon that
has been demineralized in the presence of at least one acid selecled from the

group consisting of hydrochioric acid and hydrofluoric acid.

The method of claim 6 wherein said acid is hydrochlioric acid.

The method of claim 1 wherein said stabilized catalyst is activated carbon that
has been oxidized in the presence of at least one liquid phase oxidizing agent

selected from the group consisting of nitric acid and hydrogen peroxide.

The method of claim 1 wherein said stabilized calalyst is activaled carbon that
has been oxidized in the presence of at least one vapor phase oxiziding agent

selected from the group consisting of O, and COy.

The method of claim 8 wherein said aclivated carbon further has been

oxidized in the presence of nilric acid.

10
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11. The methaod of claim 8 wherein said activaled carbon further has been

oxidized in the presence of hydrogen peroxide.

12. The method of claim & wherein said activated carbon further has been

oxidized in the presence of O,

13. The method of claim 1 wherein said stabilized catalyst is aclivated carbon that

has been subjecied o a demineralization process comprising the following:

forming a suspension comprising said activated carbon and at least
one acid selected from the group consisting of hvdrochloric acid and
hydrofiuoric acid;

stirring said suspension at a temperature of al least about 22 °C for a
first period of time from about 0.5 1o about 24 hours;

filtering said suspension, {0 separate said aclivated carbon catalyst
from said acid;

washing said catalyst to remove subsiantially all free ions from said
activated carbon catalyst; and

drying said catalyst at a temperature of at least about 50 °C for a

second period of ime from about 0.5 to about 24 hours.

14, The method of claim 1 wherein said stabilized calalyst is activaled carbon that
has been subjected {o a liquid phase oxidation process comprising the

foliowing:
11
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15.

16.

forming a suspension comprising said activated carbon and at least
one oxidizing agent selecied from the group consisting of nitric acid and
hydrogen peroxide;

stirring said suspension at a lemperature of at least about 22 °C for a
first period of time from about 0.5 to about 24 hours;

filtering said suspension, subsequent to said stirring, 1o separate said
activated carbon from said oxidizing agent;

dryving said activated carbon, subsequent {o said fillering, at a
temperature of at least about 50 °C for a second period of time from about 0.5
to about 24 hours; and

heat-treating said calalyst in an inert gas for a third period of time from

about 0.5 to about 4 hours at a temperature of about 250 °C {o about 750 °C.

The method of claim 1 wherein said stabilized catalyst is aclivated carbon that
has been subjected o a vapor phase oxidation process comprising the
foliowing:
contacting said activated carbon with said gaseous oxidizing agent at a
temperature of about 250 to about 750 °C for a period of time from about 5
seconds (o about 12 hours.
A method for pre-treating an aclivated carbon catalyst comprising:
demineralizing said actlivated carbon catalyst, and

oxidizing said activated carbon catalyst,

12
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17.  The method of claim 18 wherein said demineralizing involves contacting said
activated carbon catalyst with at least one acid selected from the group

consisiing of hydrochloric acid and hydrofluoric acid.

18. The method of claim 16 wherein said oxidizing involves contacting said

activated carbon catalyst with at least one oxidizing agent selecled from the

group consisting of nitric acid, hydrogen peroxide, O;, and CO..

19.  An activated carbon catalyst prepared according o the process of claim 16.

13
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