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Gaseous metal or metalloid chloride production
streams (1) are subjected to the application of thermal en-
ergy in the presence of hydrogen or a surface active materi-
al (6) for a time and at a temperature sufficient to reduce
the organohalogen compounds but not materially adverse-
ly affecting the chloride. Suitable surface active materials
include coke, activated carbon and alumina. The metal or
metalloid may be for instance, aluminium, titanium, mag-
nesium, molbydenum, tungsten, tantalum, beryllium, bor-
on, zirconium, hafnium, niobium, or silicon. Titanium and
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REDUCTION OF ORGANOHALOGEN COMPOUNDS IN METAL AND METALLOID
' CHLORIDE PRODUCTION STREAMS

Technical Field

The invention herein relates to the production of metal
and metalloid chlorides from their oxides. More
particularly it relates to a method of purifying the
chloride product stream of undersirablé impurities from the

chlorination reaction.

Background Art

It is known that metals and metalloids can be produced
by reduction of their chlorides, and that the chlorides
themselves can be produced by the chlorination of various
metal and metalloid compounds, notably the metal oxides or
oxide-containing compositions. Typical of the metals whicﬁ
can be so produced are titanium from TiClg reacted from
titania, and magnesium from MgCl, reacted from magnesia.
One of the most important processes commércially is the
production of aluminum metal by reduction of aluminum
chloride, AlClg. The aluminum chloride itself may be
produced by reductive chlorination of alumina or aluminous
oxides with chlorine in the presence of a carbonaceous
reductant. The chemistry of this reaction is well known,
having been described in numerous publications including
U.S. Patent No. 3,760,066.

For brevity, most of the remainder of this disclosure
will be in terms of the aluminum reactions. It will,
however, be recognized that the process herein is equally

applicable to analogous chlorination processes involving
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compounds of metal and metalloids such as titanium,
magnesium, molybdenum, tungsten, tﬁntalum, beryllium, boron,
zirconium, hafnium, niocbium and silicon (as indicated in
U.S. Patent No. 4,459,274.)

@~

It has been recognized that the aluminum chloride

production process yields not only the desired aluminum
chloride but also a variety of byproducts and unreacted raw
materials. For instance, U.S. Patent No. 3,786,135
describes the gaseous products of the reaction as including
aluminum chloride, carbon oxides and entrained SOiid and
liquid particles including alqminﬁm, carbon, aluminum
oxychlorideh and/or aluminum hydrochhloride as well as
condensable volatile constituents. Various processes have
been proposed for elimihation or reduction for these
unwanted byproducts; for instance, the aforesaid U.S. Patent
No. 3,786,135 describes a process involving multi-stage
selective cooling to separate the gaseous aluminum chloride
product from the unwanted gaseous components. A similar
process is described in U.S. Patent No. 3,929,9?5.

It has also been recognizéd that among the gaseous
products of the reductive chlorination process are a number
of different halogenated organic compounds which ére formed
by the reaction of the 'chlorine and the carbonaceous
reductant (which will hereinafter often be referred to as
“carbon" for brevity). Proﬁinent among these byproduct
organohalogen cdmpounds are the polychlorinated biphenyls
(PCBs) which have in recent years been identified as
carcinogenic. Because of the hazardous and/or peolluting

nature of the PCBs and many of the other organochalogens, it
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is important that the level of such compounds in the product
aluminum chloride stream be substantially reduced or
virtually eliminated if possible, either by destruction of
the compounds or <chemical conversion to ngphazardous
materials. |

In other contexts a variety of reactions have been
described for converting or destroying organohalogen
compounds. For instance, in U.S. Patent No. 4,351,978 a
process is described in which PCBs are reacted with hydrogen
in the presence of a hydrogenation catalyst, such as a Raney
nickel catalyst, to form hydrocarbons or halohydrocarbons.
Similarly, in U.S. Patent No. 2,886,605 a process is
described in which polyhalogenated hydrocarbons are
converted to halohydrocarbons of lower halogen content or to
hydrocarbons by reaction with hydrogen in the presence of a
catalyst consisting essentially of —cuprous halide
impregnated in porous active alumina. The same patent also
describes as prior art reactions in which the organchalogen
compounds are reacted with steam or hydrogen.over a catalyst
comprising titanium oxide or tin oxide impregnated with
copper chloride. U.S. Patent No. 4,144,152 describes a
process in which organchalogen compounds are dehalogenated
by being subjected to ultraviolet radiation and hydrogen in
the absence of any substantial amount of oxidizing agent.
This patent also describes a preferred system in which the
organohalogen compounds are treated with ultraviolet

radiation and hydrogen in an alkaline solution.
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While <these various reactions to degrade or destroy
organchalogen compounds have been‘known, none is applicable
to treatment of the product stream of the aluminum chioride
production process. This is because the various prior art
processes utilize reactants and/or reaction conditions in
which the desired gaseous aluminum chloride product would
also be degraded or destroyed. Since the aluminum chloride
is to be used as a raw material for the production of
metallic aluminum on an industrial scale, it would therefore
be of interest to have a process which would permit the
amount of undesirable organochalogen compounds in the
aluminum chloride product stream to be substantially
lessened and/or virtually eliminated without deﬁrimental

effect to the aluminum chloride product.

Disclosure of the Invention

We have now invented a process for the feduction of
gaéeous organohalogen compounds in a gaseoﬁs strean also
containing gaseous metal or metalloid chloriﬁes, such as
aluminum chloride, without éignificant degradation of the
desired product chlorides. The process comprises subjecting
the gaseous stream to the épplication of thermal energy in
the presence of hydrogen or a surface active material, or
both, for a time and at a temperature sufficient to reduce
the organchalogen compounds but not materially adversely
affect the metal or metalleoid chlorides.

Preferred surface active materials include the solid
feed material itself which is to be chlofinated, similar
oxides or carbonaceous materials, which may if desired be

activated. -The surface active material ﬁust also be such
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that it is either inert toward the hydrogen, metal chloride
and chlorine, or, if reactive, such that any preoduct formed
will not contaminate the chloride product.

Depending on the particular embodiment of the- invention
used herein, the organchalogen content in the product
chloride stream may be reduced by from 50 percent to 99.8

percent or better.

Description of the Drawing

The single Figure of the drawing is a schematic
representation of one embodiment of an apparatus for

performing the present invention.

Modes for Carrying Out the Invention .

As described above, the invention herein involves
subjecting the gaseous product stream from the reaction in
which a metal or metalloid chloride (exemplified-by aluminum
chloride) is produced by reductively chlorinating the
corresponding oxide (or a mixture containing the oxide) with
a carbonaceous reductant (e.g., carbon) and chlorine, to the
application of thermal energy in the presence of hydrogen or
a surface active material, or both, for a timerand at a
temperature sufficient to reduce or substantially eliminate
the organochalogen content of the stream without materially
affecting the desired gaseous chloride product. Because
this basic process can be operated in several different

embodiments, it will be recognized that somewhat different,



WO 87/00157 PCT/US86/01294
-6 -

but often overlapping, reaction conditions will apply
depending on the particular emﬁodiment being considered.
Those skilled in the art, hqwever, having before them the
descriptions and examples to be set forth belowz-will find
no difficulty in making the routine determinations of the
optimum reaction éonditions to be utilized in any particular
embodiment of the invention.

As noted above, this disclosure is primarily in terms of
aluminum reactions. The proéess herein is equally
applicable to analogous chlorination processes involving
compounds of metal and wmetalloids such as titanium,
magnesium, molybdenum, tungsten, tantalum, beryllium, boron,
zirconium, hafnium, niocbium and silicon as indicated in U.S.
Patent No. 4,459,274. '

There are various forms of thermal energy yhich may be
used in this process to initiate and promote the reduction
reactions, including microwave and radio frequency (RF)
energy. These latter forms, however, require relatively
'high temperature environments to produce economically
feasible reaction rates. They also ﬁse specialized
eqﬁipment which is not normally found in chemical plants and
which adﬁersely effects the economics of the pfocess. The
thermal energy may also be supplied ' to the reaction by
infrared radiant heaters, gas-fired reactors or other known
types of thermal energy generators through which the gaseous

product stream may be passed or in which it may be

contained.
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The application of thermal energy to the gaseous product
stream in this process must be done in the presence of
hydrogen, a surface active material, or both. It is known
that application of thermal energy alone will decompose
organochalogen compounds if the temperature is hi;h enough,
i.e., on the order of about 950°C (1740°F). However, it has
been found that it is not economical in practice to raise
the gaseous aluminum chloride product stream to that
temperature level and maintain it there for the necessary
time. 1In addition, such high temperatures require the use
of more thermally resistant processing equipment if the
equipment is not to be rapidly deteriorated by such
temperatures. In the present invention, however, it has
been found that good results can be obtained in <the
temperature range of from ambient temperature up to about
700°-750°C  (1290°-1380°F) depending on the particular
combination of reaction conditions being used. Preferred
within this range are temperatures of from about 200°-650°C
(390°-1200°F). ' '

When hydrogen is to be used, it méy be present as
hydrogen gas, producer gas or a reducing gas such as
methane.

When a surface active material is to be present, it must
be one which promotes the degradation of the organohalogen
compounds. However, it must not attack the hydrégen,
chlorine or metal or metalleid chloride product present. It
may be inert to these components, or, if reactive with any
component, it must not produce any reaction product which

attacks, degrades or contaminates the chloride. In some

PCT/US86/01294
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cases the surface active material may be one of the
reactants itself, such as alumina in the aluminum chloride
process. Other suitable materials include " carbonaceous
materials such as coke or activated carbon. Among other
materials which may suitably be4 used are compositions which
contain oxides in their mixture of components, such as the
partially calcined aluminum chloride hexahydrate (PCACH)
produced according to the process of co-pending U.S. patent
application No. 06/519,795 to R.O. Loutfy and J.C. Withers,
which has been published as International Publication No.
W085/00800 (February 28, 1985) under the Patent Cooperation
Treaty (US/RO). Cokes may include fully calcined, partially
calcined or pretreated petroleum coke. As noted, the
materials may be further surface activated, as with
activated carbon or activated alumina, by conventional
means. Surface areas of the surface active méterials may
vary widely; satisfactory results have been obtained with
coke having a surface area of 1.8 mz/g, alumina at
approximately 80 mz/g and highly disordered actiégted carbon
at 1400 mz/g. As will be seen from the Examples below,
better results were obtained with the higher surface area
materials.

Considerable advantage can often be obtained by using
both hydrogen and a surface actiﬁe material in the present
process.

The process herein may be operated in a wide variety of
combinations with the aluminum chloride production process.
For instance, alumina, coke and chlorine may be reacted in a

chlorinator with the product stream containing the gaseous
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aluminum chloride and organchalogen compounds then being
passed to a decomposer in which the present process is
operated using hydrogen and with thermal energy creating a

temperature in the range of 200°-650"C (390°-1200"F) in the

presence of an activated alumina, carbon or coke. When the
surface active material is spent, it is recycled to the
chlorinator to serve as a reactant therein. A purified
gaseous aluminum chloride stream is recovered from the
decomposer. '

A typical apparatus used to conduct the process of this
invention is shown schematically in the Figure. Fluid bed
reactor 1 is either continuously or batch fed with starting
materials 3 such as the aforesaid PCACH (an oxide-containing
composition) mixed with a coke activated by partial
caleination (typically in a weight ratio of 80:20
respectively). Chlorine gas 2 (which may bé nixed with
nitrogen gas) is fed to the bottom of the reactor 1 to
fludize the solid reactants and to chlorinate the PCACH to
produce anhydrous aluminum chloride (A1C13).. The AlCljz
produced flows upward to mixing chamber 5 where it is mixed
with hydrogen or nitrogen gas 4 or both. The product gas
stream also contains all the undesirable chlorinated
by-product gases such as PCBs. The mixed gas streams flow
into reaction bed 6 containing the surface active material,
such as activated alumina or coke or one or more of the
reactant materials, such as PCACH. The bed is heated to the
desired temperature by heating coils 7. As the gases pass

through the bed 6 the chlorinated hydrocarbons are
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decomposed to chlorine gas, hydrbcarbons, water wvapor and/
or carbon oxides. The AlClg is then recovered in desublimer
8 while the other gases pass through to scrubber 9 where
they are separated and the chlorine recovered. This type of
apparatus was utilized in the Eﬁamples below. i

The following Examples will illustrate several
embodiments of the present invention.
Examgle 1

The condensed gaseous products from the production of
aluminum chloride by chlorination at 650°C (1200°F) of
partially calcined aluminum chloride hexahydrate using
partially calcined coke were found to contain an average of
3500 ppm organohalogen compounds. These product streams
were subsequently subjected to application of thermal energy
in a decomposer at various temperatures, both with and
without hydrogen present, and' with no surface active
material present. The results are presented in Table 1

below.

Table 1
Temperature Organchalogen Content, ppm
°c °F Without H With B
250 - 480 3500 1220
650 1200 3375 760

(n.m. = not measured)
It will be evident that from the above data the
application of heat alone (within the temperature range of
this process and below the normal decomposition temperatures

of the organchalogen compounds) produées no significant

(1]




WO 87/00157 PCT/US86/01294

- 11 -

reduction of the organochalogen compounds. The application
of energy without the simultaneous fresence of hydrogen will
not be expected to produce a significant reduction in
organohalogen content until the temperature rgaches the
decomposition point of the organchalogen compounds, which as
noted is approximately 950°¢C (1740°F).

It will be evident, however, that the use of hydrogen in
conjunction with the application of energy produces marked
reductions in the amount of organohalogen compounds present
leading to reductions of approximately 65%, 75% and 98%

respectively.

Example 2

Samples of the same aluminum chloride reaction stream

were subjected to application of thermal ené?éy in the
presence of a surface active material but without hydrogen
present. A control with no surface active material was also
used, which is the same as the control of Example 1. Table
2 below illustrates the effects of different surface active
materials: reactants PCACH or coke, as describea in Example
1, and a high surface area (1400 nz/gm) commércial activated

carbon (Witco Chemical Corp. product "Witco 950%) .,

Table 2
?emperature Organohalogen Content m
C °F No Catalyst PCACH Coke Activated Carbon
250 480 3500 863 1900 25
650 1200 3375 602 765 <l

It will be immediately evident from these data that the

use of a surface active material, particularly a high
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surface area material such as the activated carbon, produces
marked reductions in the organohaiogen compound content in
the product AlCl3; even at low temperatures. With the use
of higher temperatures and high surface area catf}ysts, the
organohalogen compounds can .be virtually eliminated from
aluminum chloride stream.
Examgie 3

Samples of the same aluminum chloride reaction stream
were subjected to application of thermal energy by radiative
heating in the presence of different surface active
materials and hydrogen. The results are illustrated in

Table 3 below.

Table 3
Temperature Organochalogen Content, ppm
‘°c °F Alumina Coke Alumina/Coke Activated Carbon
250 480 1913 1900 n.n. <5
€50 1200 83 483 295 <l

(n.m. = not measured)

The alumina/coke mixture was the PCACH/coke reaction
mixture to a test reactor (as :eactor 1 in the Figure). It
will be seen by comparison of the data of Tables 1 and 2
with these data that, except at low temperature, the
combination of the surface active material and the hydrogen
has a synergistic effect, reducing the organchalogen
compound content below that obtained with the surface active
material or hydrogen alone. It is preferable from an
economic point of view to use the chlorination reactor feed

(i.e., the alumina/coke mixture) as the éurface active
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material so as to be able to pass the material to the
reactor after it has been spent as a surface active

material.

Example 4 7

A series of experiments was conducted to illustrate
temperature and residence time as reaction conditions.
Apparatus as illustrated in the Figure was used. The
generation of AlCly was continuously maintained by feeding
PCACH and partially calcined «coke in a fluid bed
chlorination reactor 1. The temperature of bed 6 was
controlled at the various temperatures listed. Residence
time was varied by changing the 1length of bed 6. The
results of the experiments using hydrogen . alone, with no
surface active agent, are illustrated in Table 4.

Comparison should be made with the control expefiments shown

in Table 1.
Table 4

p Residence Time, sec. Organohalogen
Tgm eratug; ' Content, ppm
250 480 6.9 2294
250 480 14.2 1220
650 1200 5.2 924
650 1200 13.4 760
750 1380 13.4 48

These data were curve fitted and the following

mathematical model with rz of 0.9 was obtained:
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C,Cl, = 3345 = 2.75(Tenp) -,84.0§(RT) (1)

where "C,Cl," is the organéhalogen content in the
product AlClz (in ppm) after treatment, "Temp" is the
Celcius temperature of bed 6 and "RT" is the res%¢ence time
of the AlCl3 gas in bed 6 in séconds. 7 7

Without destruction (i.e., when Temp = 0°Cc and RT = 0)
the content of CyCl, is equivalent to the intercept of 3345
ppm. This value agrees well with the typical organchalogen
contents observed experimentally for control samplés (e.qg.,
those of Example 1). Complete elimination of the
‘organohalogens using hydrogen could theoretically be
obtained by varying temperature and residence time in
accordance with Equation (1), and in practice signifiéant
reductions are obtained in this manner. For instance, at
750°C (1380°F) and a residence time of 15.2 seconds virtual
elimination of the organohalogen in the AlClz séream should
be achieved. |
Example 5 )

The experiments of Example 4 were repeated but with a
surface active material present along with thé hydrogen.
The particular surface active material used was the alumina
(PCACH) /coke feed to the system. The results of these

experiments are illustrated in Table 5 below.
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Table 5
Temperature Residence Organohalogen
°c °F Time, sec Control,ppm
600 1110 2.5 531
600 1110 5.3 426
600 1110 9.0 288
650 1200 2.5 295
650 1200 4.0 230
650 1200 5.4 180
€50 1200 7.2 110
700 1290 2.6 37
750 1380 3.3 0

As with the data of Example 4, Fhese data were fitted to
a curve having an r? of 0.92 and the formula:

C,Cly = 2800 - 3.7(Temp) - 34.2(RT) (2)

It is apparent that there is a synergistic effect
obtained by combining the use of a surface active material
and hydrogen to reduce or eliminate organochalogens. For
example, at 750°C the total elimination of organohalogens-
can be accomplished with residence times on the order of
only about one second in the presence of both hydrogen and a
surface active material (Equation 2; Table.S); while with
hydrogen alone approximately 15 seconds are required
(Equation 1; Table 4).

It will be understood of course that the curves defined
by Equations 1 and 2 are fitted from experimental data and
therefore represent statistical approximations of reaction
kinetics. Those using these equations (or analogous
equations derived from other data samples) can expect that
individual runs will yield organohalogen contents which will
vary from the values predictéd by those equations by'

increnments which themselves are within statistically defined
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ranges. All such results are intended to be included within

the scope of-ﬁhisviovention.

It will also be understood that the variables of
hydrogen or surface active material, tempera@ure' and
residence time can be optinizeé for each individu;i system
to reachr the desired reéulting level of organchalogen
content in the product AlCls stream. Residence time will
usually vary within the range of 1 to 20 seconds and
temperatures  will vary between  250°C and 750°C
(480°-1380°F) . : __

As noted above, this invention is also applicable to
removing organohalogens from the preoduct streoms of the
chlorination to other metal chloride products. For example,
the production of MgCl, pfoauces organohalogens according to
the reaction:

2Mg0 + 2(x+1)C + (y+2)Cl, —— 2MgClL + €O, + '2c,c1y

The c,c;y content can be controlled as described by
application of thermal energy to the product stream in the
presence of hydrogen and/or a surface active mateéial (e.qg.,
megnesia, titania or zincoﬁia).

It will be evident from the above that there are many
embodiments of this invention which while not specifically
described above are clearly within the scope and spirit of
the invention. This invention should therefore be
‘considered to be limited only by the appended claims and not
by the foregoing description which “is intended to be
exemplary only. '
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INDUSTRIAL APPLICABILITY

The invention herein is applicable for reducing
organohalogen compound content in a gaseous stream con-

taining a metal or metalloid chloride. -
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CLAIMS

1. A process for the reduction of gaseous organohalogen
compounds in a gaseQus stream also containing at least one
gaseous metal or metalloia chloride without signifiéant
degradation of said chloride, which comprises subjecting
said stream, outside of a reactor'for producing said chloride,
to "the application of thermal energy in the presenée of hydrogen
or a surface active material, or both, for a_time and at a
temperature sufficient to reduce the organohalogen compounds

but not materially adversely affecting said chloride.

2. A process as in claim 1 wherein hydrogen and chlorine

are present and there is an absence of copper chloride.

3. A process as in Claim 1 wherein a surface active

material is present.

4. A process as in Claim 3 wherein said surface active

material is an oxide or a carbonaceous materiai.

5. A process as in Claim 4 wherein said oxide is one of
the feed materials to the chlorination process in which said

chloride is produced.

6. A process as in Claim 4 wherein said carbonaceous

material is coke or activated carben.

N

E)
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7. A process as in Claim 1 wherein the temperature is

in the range of ambient up to 750°C.

8. A process as in Claim 7 wherein said temperature is

in the range of 200°-650°C.

9. A process as in Claim 1 wherein said thermal energy

is infrared radiant energy.

10. A process as in Claim 1 wherein said thermal energy

is provided by a gas-fired reactor.

11. A process as in Claim 1 wherein said metal or
metalloid is aluminum, tltanium, magnesium, molybdenun,

tungsten, tantalum, beryllium, boron, zirconium, hafnium,

niobium and silicon.

12. A process as in Claim 11 wherein said metal is

aluminum, titanium or magnesiunm.

13. A process as in Claim 12 wherein said metal is

aluminum.

l4. A process as in Claim 5 wherein after said surface

active material is spent it is passed as feed to the

chlorination process.
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15. A process as claimed in claim 2, wherein a surface

active material is present together with the hydrogen.

16. A process as claimed in claim 15, said surface active

material comprising an oxide and a carbonaceous material.

17. A process as claimed in claim 16, wherein said surface
active material comprises feed material to the chlorination

process in which said chloride is produced.

18. A process as claimed in claim 17, wherein after said
surface active material is spent it is passed as feed to the

chlorination process.

19. A process as claimed in claim 18, wherein said surface

active material comprises an alumina/coke mixture.

20. A process as claimed in claim 19, wherein. the alumina

comprises PCACH.

Bl
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other means gnetrll_'ts, ﬂ:ch combination being obvious to & person skilled
in the art,

later than the priority date claimed “&" document member of the same patent family
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