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Disclosure of the invention An object of this invention, therefore, is to
Technical field                                       provide an
improvement in a process for modify- This invention relates to a process
for the        ing the surface of plastic or metallic materials surface
halogenation of polymeric materials to    5    with a halogen whereby the
amount of apparatus reduce their permeability to solvents and of
required for the process is decreased and the polymeric and metallic
materials to increase their    safety factor is increased. [err]
resistance.                                     Other objects and
advantages will become apparent hereinafter. .Background art
According to the present invention,   batch Surface modification of
plastics, whether of the   process for the halogenation of solid polymeric
or rigid or flexible type, with fluorine or other halo-   metaic  atrial
has been discovered comprising gens has been found to be commercially
advan-        the following steps: tageous in that  is capable of
providing, for      (a)providing a closed system  comprising a example,
container havinga reduced permeabil-  15    chamber containing air at about
atmospheric ity insofar as liquids having solvent characteris-  pressure
and having inlet and outlet. means, a tics areconcerned and having
increased chemical       heat exchanger, and a circulation pump, all con-
resistance to various liquids and gases which        nected in series;
would otherwise react .with the unfluorinated          (b) introducing
solid polymeric or metallic container material.
20    material into the chamber; For instance, US-A-3,998,180 discloses a
pro-      (c) heating the chamber and the material to a cess for
fluorinating articles, wherein a holding    selected temperature in the
range of [err] to [err] chamber is filled with a mixture of fluorine and
by recirculating  the  air through  the  heat nitrogen, the article to be
fluorinated is admitted     exchanger; into a reaction chamber, after
evacuation of the    25  (d) evacuating the system; latter the pressures
are equalized in both cham-       (e) introducing a halogen into the system
in an bers, fluorine is allowed to react with the articles  amount (i) of
up to about 10 percent by weight in and after a new evacuation of gases the
fluori-      excess of the theoretical amount of halogen nated articles are
removed from  the reactive        required to halogenate the polymeric
material to chamber.                                       30    a desired
depth and (ii) sufficient to provide a The disadvantages of this and other
halogena-      partial pressure in the system  in the range of tion
processes having surface modification as an'    0.007 x [err] Pa to 0.21 x
[err] Pa absolute; objective are manifold. Some of the processes
(f) introducing an inert gas into the system in an need a great deal of
apparatus because of the        amount sufficient to provide a total
pressure in steps and conditions imposed by the process,   35   the system
of about one. atmosphere; which  may entail moving the fluorine, for
(g) maintaining the selected temperature by example, from a holding chamber
to a reaction        recirculating  the  halogen/inert gas  mixture chamber
and back again, or the use of very low or    through the heat exchanger;
high pressures. The more apparatus, of course,         (h) recirculating
the halogen/inert gas mixture a the higher the cost factor. Other processes
pose a    40   sufficient number of times to reduce the amount threat to
safety. After all fluorine is a highly toxic,  of halogen to less than
about 5 percent of the highly corrosive, irritating gas. It is the most
amount of halogen initially introduced into the reactive element known.
Fluorine vigorously          system; reacts with almost all organic and
inorganic sub-      (i) evacuating the system; stances, and because of its
highly oxidizing    45     (j) introducing air into the system to provide
nature, has a fire potential exceeding that of even.  about atmospheric
pressure; and oxygen. Any process that uses relatively high          (k)
removing the material. temperatures, pressures, and/or concentrations of
fluorine falls into the hazardous category by     Detailed description
increasing the possibility of fire or leakage.   50    Subject process is a
batch process as opposed Finally, some processes raise the pollution factor
to a continuous process. The plastic or metallic because of the amount of
fluorine and/or fluorine    items to be halogenated are loaded into a
by-products, such as hydrogen fluoride, which        chamber, halogenated,
and removed. Then, the have to be disposed of after the fluorination
process is repeated. The term  "halogen" is process is completed. The
problems of more   55   defined herein to include any of the halogens or
apparatus, safety, and pollution are, of course,     mixtures thereof. They
are used in subject pro- interrelated because in order to solve the latter
cess in the gaseous state. The preferred halogens problems of safety and
pollution, the quantity of    are fluorine and a mixture of fluorine and
apparatus is usually increased and, concommit-       bromine. The apparatus
and process steps and antly, the  investment and  operating  costs   60
conditions described hereinafter are generally including energy
requirements. It is not surpris-    applicable to the halogens as a group.
ing, then, that industry is constantly striving to     The items to be
treated may be structurally rigid decrease the amount of apparatus needed
to           or flexible and of a great variety of shapes, sizes, carry out
the surface modification and/or increase   textures, and chemical
compositions. The most the safety factor.                             66
common items processed are plastic containers, 2    



3                    0 102 885                    4 particularly bottles,
but sheets, films, pipes and   process by-products to suitable landfill.
All of the parts for automobiles and other devices are con-    valves are
bellows sealed gate valves. The entire templated, as well as metal pieces,
whose solvent    system is carefully sealed to prevent leakage and
resistance and corrosion properties can the parts are selected with this in
mind. improved thereby. The only criteria for being a    5  It will be
understood by those skilled in the art candidate for subject process is
that the object to   that the apparatus used in the system is a combi- be
elongnated be solid and that it be advan-    nation of conventional
off-the-shelf equipment, tageously modified by the reaction of its surface
which can handle halogens, e.g., the chamber can constituents with the
halogen of choice.              be one used in sterillizer service, and
that many The process utilizes conventional equipment     variations can be
used. The apparatus can also be arranged to carry out the prescribed steps
under      scaled up or down, i.e., it can be sized according the stated
conditions. A typical system will be       to the commercial application
and the quantity of described here. Such a system comprises a
material to be treated in each batch. chamber having a volume of 135 [err]
constructed        The process is initiated by introducing the on two steel
skids. The chamber has one or two    15    material to be treated into the
chamber of  the doors opened hydraulically with a door area of
closed system. At this point, air is present in the about 4.5 [err].
chamber at atmospheric pressure. The vacuum The connections for the process
piping are 100      pump or blower is then activated in order to mm  (four
inch) nominal pipe thread flanged          circulate the air through the
loop. The heat openings. While the apparatus is designed to  20
exchanger is also started up to provide a tempera- easily accept a pressure
range running from full     ture in the range of [err] to [err] and
preferably in vacuum to 3.10 x [err] Pa absolute and tempera-      the
range of [err] to [err]. The air is heated and tures in the range of [err]
to [err], the operating    recirculated until the interior walls of the
chamber temperature for subject process will be in the   and the material
to be treated are at a tempera- range of [err] to [err] and preferably in
the range    25    ture preferably in the latter range of [err] to [err].
of [err] to [err] and the operating pressure will be     This step removes
any moisture from the items to in the range of 0.007 x [err] Pa to about
one atmos-   be treated. Once the chamber and its contents phere.
reach the selected temperature, the air is evacu- The walls of the chamber.
can be heated to          ated from the system by means of the vacuum
assist in maintaining a particular temperature in   30   pump down to a
pressure of less than 0.07 x [err] the chamber, but this feature is
optional. The top   Pa absolute and preferably less than 0.035 x [err] Pa
and bottom of the chamber will have connections       absolute. for
manifolds, which, in turn, will have connec-        Fluorine is then
introduced into the system in tions for air, inert gas, and, in this case,
fluorine,  an amount of up to about 10 percent by weight in and for
recirculation and evacuation. Both the   35   excess of the theoretical
amount of fluorine chamber and manifold will have miscellaneous
required to fluorinate the material to a desired connections for
thermocouples, pressure trans-         depth. Preferably, the fluorine is
added in an ducers, gas sampling tubes, and other control         amount of
about 5 percent by weight in excess. equipment.
The fluorine is then introduced in sufficient quan- One or two single stage
vacuum pumps can be    40   tity to raise the partial pressure in the
system to used to achieve gas circulation as well as system   0.007 x [err]
Pa to 0.21 x [err] Pa absolute and prefer- evacuation. They can be rotary
vane vacuum            ably 0.007x [err] Pa to 0.07x [err] Pa absolute. the
pumps connected in series. A magnetic cen-            amount of fluorine,
within the stated ranges, trifugal blower can be used to circulate the gas
necessary to fluorinate the surface of the material mixture in lieu of the
vacuum pumps, but, in any    45   to the desired depth, i.e., a depth which
will case, the vacuum pumps will be used for evacua-       provide  the
permeability  and/or  chemical tion.
resistance required for the service to which the All of the equipment,
which comes in contact        material is to be put, is based on past
experience with the fluorine, such as the chamber, manifolds,
accumulated by trial and error. This method of piping, and heat exchangers
are made of passi-   50   determination is used because of the unlimited
vated stainless steel, e.g., AISI type 304L.          number of variables
which arise with regard to One or more heat exchangers are used to
the materials to be treated, e.g., size, shape, control the temperature of
the system. They are of   chemical composition, use, i.e., depth of
fluorina- extended surface tube and shell design with a         tion needed
therefor, and number of items (or minimum  capacity of [err] J per hour
(100,000    55   total surface area) to be treated. The size and BTU's per
hour) to handle the 135 [err] chamber.        shape of the chamber, as well
as the velocity at The chamber, the heat exchangers, and the circu-
which the fluorine is to be recirculated, are other lation pump, which may
be a vacuum pump or            variables to be taken into account. blower,
are connected in series to form a closed       An inert gas, preferably
nitrogen, is then loop or system with all of the valves needed to   60
injected into the system in an amount sufficient to give complete control
of the system. Where a          provide a total pressure of about one
atmosphere. blower is used together with the vacuum pump,         Any gas,
which will not react with the material to the two are connected in
parallel. A two or three    be treated, the apparatus, and the fluorine can
be stage liquid slurry scrubber with a slurry pump is    used, however, as
stated, a low partial pressure of connected to the vacuum pump to convert
any    65   air, i.e., less than 0.07x [err] Pa absolute, will not 3    



5                   0  t02  885                      6 affect the precess.
Neither the fluorine nor the     Thus, the residence time will be extended
in favor inert gas have to be preheated before introduc-    of the latter
features. tion into the system.                                   After the
system is evacuated, air is. permitted *Whie it is preferred that the
fluorine be intro-  to enter, atmospheric pressure is restored, and duced
prior to the inert gas many variations of    5    the fluorinated materials
are removed. It is noted this procedure are acceptable. For example, the
that this air also functions as a. purge for any inert gas or a mixture of
fluorine and inert gas can  residual fluorine which may have diffused into
the bf  iected first, or some fluorine or inert gas can   plastic. be
introduced first, followed by the mixture           The advantages of the
system are as follows: 1. The fluorine/inert gas. mixture is recirculated
10    Isothermal control provides a constant tempera- through the heat
exchanger to maintain the.         ture throughout the system, which aids
in achiev- selected temperature. The temperature of the        ing a
uniform result. 2. Constant recirculation heat transfer fluid passing
through the shell side   tends to eliminate concentration gradients across
of the heat exchanger is externally controlled to       the chamber 3. The
capacity of operating at low accomplish this objective. In this way, the
system  -.is.  temperatures and pressures all but eliminates the is
operated isothermally, and the results become     risk of fire and leakage.
4. The efficient utilization more predictable. The linear velocity of the
mix-.   of halogen not only reduces. the. cost of this ture is also kept
constant. Typical linear velocities  expensive gas, but reduces. the.
pollution factor are in the range of 0.03 meter per second to 3
..immeasurably. 5. Since there is no limit on the meters per second. The
constant linear velocity   20 - size of the chamber, the chamber can be
sized to together with a slight excess of fluorine provide    provide the
daily requirement of the treater in one. enough fluid dynamics so that
turbulent flow can     :batch: and-the batch will be uniformly treated. 6.
be achieved and maintained in the chamber.           Preheating or
premixing- of the halogen and/or These linear velocities allow for about 1
to about   inert gas are not required or even beneficial. 7. 200 changes
(or recycles) of atmosphere per   25   Just as there is no need for high
pressures, there. minute.                                              is
no need: for extremely low pressures, e.g., The mixture is recirculated a
sufficient number    pressures below about 20 millimeters.of mercury. of
times to reduce the amount of fluorine to less    This relieves both the
equipment and the energy than about 5 percent of the amount of fluorine
cost. 8. The air that is used in the system does not initially introduced
into the system, and, prefer-   30   have to be dried prior to entry. The
air mentioned ably, to less than about 2 percent. The objective    in step
(a) is used to heat the material to be here, of course, is to react the
theoretical amount  fluorinated and carries off any moisture on evacu-
required for reaction with the material. While this  ation in step (d). The
air introduced in step (j) is precision is not achieved in practice, the
amount    used to purge the system of fluorine. of expensive fluorine
remaining is small, i.e.,   35 about 99.0 percent of the remaining fluorine
is      Claims turned into hydrogen fluoride. This by-product is      1. A
batch process for the halogenation of solid removed by evacuating the
system, once more,         polymeric or metallic material comprising the.
down to less than 0.07 x [err] Pa absolute prefer-      following steps:
ably less than 0.007x105 Pa absolute. The by-   40     (a) providing a
closed system  comprising a product is directed to a liquid slurry
scrubber,     chamber containing air at about atmospheric converted to
landfill, and thus disposed of. A       pressure and having inlet and
outlet means, a cascading calcium  carbonate slurry scrubber         heat
exchanger, and a circulation pump, all con- which forms insoluble calcium
fluoride can be        nected in series; used effectively here.
46      (b) introducing the material into the chamber; Rather than
calculating the number of times the      (c) heating the chamber and the
material to a fluorine/inert gas is recirculated to reduce the     selected
temperature in the range of [err] to [err] fluorine concentration, the
residence time or        by  recirculating  the  air through  the  heat
dwell time of the material in the chamber can be     exchanger; determined.
This is accomplished by analyzing    50    (d) evacuating the system; both
the depth of fluorine penetration in the          (e) introducing a halogen
into the system in an material to be treated and the off-gas, which is
ambunt (i) of up to about 10 percent by weight in sent to the scrubber. The
former is most impor-      excess of the theoretical amount of halogen tant
because it confirms the end result, i.e.,       required to halogenate the
polymeric material to whether the fluorinated item will be capable of   55
a desired depth and (ii) sufficient to provide a performing as intended.
The latter is an indication  partial pressure in the system in the range of
of the efficiency of the process, once the para-     0.007x [err] Pa -to
0.21x 10' Pa absolute; meters have been set, taking all of the variables
(f) introducing an inert gas into the system in an into account. Typical
residence times are in the     amount sufficient to provide a total
pressure in range of about 1 to about 1000 minutes for a load    60   the
system of about one atmosphere; of medium size (one liter) polyethylene
bottles in     (g) maintaining the selected temperature by a 135 [err]
chamber. Residence time has, however,       recirculating  the
halogen/inert gas  mixture a lower priority than other features of subject
through the heat exchanger; process such as safety, reduction in amount of
(hi recirculating the halogen/inert gas mixture a equipment, and efficient
utilization of fluorine.   66   sufficient number of times to reduce the
amount 4    



5                    0 102 885 affect the process. Neither the fluorine nor
the  Thus, the residence time will be extended in favor inert gas have to
be preheated before introduc-   of the latter features. tion into the
system.                                      After the system is evacuated,
air is. permitted While it is preferred that the fluorine be intro-      to
enter, atmospheric pressure is restored, and duced prior to the inert gas
many variations of    5    the fluorinated materials are removed. It is
noted this procedure are acceptable. For example, the      that this air
also functions as a purge for any inert gas or a mixture of fluorine and
inert gas can   residual fluorine which may have diffused into the be
injected first, or some fluorine or inert gas can   plastic. be introduced
first, followed bythe mixture.            The advantages of-the system are
as follows: 1. The fluorine/inert gas mixture is recirculated    io
isothermal control provides a constant tempera- through the heat exchanger
to maintain the          turethroughout the system, which aids in achiev-
selected temperature. The temperature of the.        ing a uniform  result.
2.Constant recirculation heat transfer fluid passing through the shell side
tends to eliminate concentration gradients across of the heat exchanger is
externally controlled to    the chamber 3. The capacity of operating at low
accomplish this objective. In this way, the system    15    temperatures
and pressures all but eliminates the is operated isothemlly, and the
results become       riskof fire and leakage 4. The efficient utilization
more predictable. The linear velocity of the mix-    of halogen not only
reduces the cost of this ture is also kept constant. Typical linear
velocities  expensive gas, but reduces the pollution factor are in the
range of 0.03  eter per second to 3       immeasurably 5. Since there is no
limit on the meters per second. The constant linear velocity    2 -  size
of the chamber, the chamber can be sized to together with a slight excess
of fluorine provide     provide the daily requirement of the treater in one
enough fluiddynamicsso thatturbulent flow can   -    batch, and the batch
will be uniformly treated.6 be achieved and maintained in the chamber.
Preheating or prernixing of the halogen and/or These linear velocities
allow for about 1 to about  inert gas are not required or' even beneficial.
7. 200 changes (or recycles) of atmosphere per   25   Just as there is no
need for high pressures, there minute.
is no need for extremely low pressures, e.g., The mixture is recirculated a
sufficient number    pressures below about 20 millimeters of mercury. of
times to reduce the amount of fluorine to less    This relieves both the
equipment and the energy than about 5 percent of the amount of fluorine
cost. 8. The airthat is used in the system does not initially introduced
into the system, and, prefer-   30   have to be dried-prior to entry. The
air mentioned ably, to less than about 2 percent. The objective   in step
(a) is used to heat the material to be here, of course, is to react the
theoretical amount  fluorinated and carries off any moisture on evacu-
required for reaction with the material. While this  ation in step (d). The
air introduced in step (j) is precision is not achieved in practice, the
amount    used to purge the system of fluorine. of expensive fluorine
remaining is small, i.e.,   35 about 99.0 percent of the remaining fluorine
is      Claims turned into hydrogen fluoride. This by-product is      1. A
batch process for the halogenation of solid removed by evacuating the
system, once more,         polymeric or metallic material comprising the.
down to less than 0.07x105 Pa absolute prefer-       following steps: ably
less than 0.007x105 Pa absolute. The by-   40     (a) providing a closed
system  comprising a product is directed to a liquid slurry scrubber,
chamber containing air at about atmospheric converted to landfill, and thus
disposed of. A       pressure and having inlet and outlet means, a
cascading calcium  carbonate slurry scrubber         heat exchanger, and a
circulation pump, all con- which forms insoluble calcium fluoride can be
nected in series; used effectively here.                         45      (b
introducing the material into the chamber; Rather than calculating the
number of times the     (c) heating the chamber and the material to a
fluorine/inert gas is recirculated to reduce the     selected temperature
in the range of 380C to 930C fluorine concentration, the residence time or
by  recirculating  the  air through  the  heat dwell time of the material
in the chamber can be     exchanger; determined. This is accomplished by
analyzing    50    (d) evacuating the system; both the depth of fluorine
penetration in the          (e) introducing a halogen into the system in an
material to be treated and the off-gas, which is     amount (i) of up to
about 10 percent by weight in sent to the scrubber. The former is most
impor-      excess of the theoretical amount of halogen tant because it
confirms the end result, i.e.,       required to halogenate the polymeric
material to whether the fluorinated item will be capable of   55    a
desired depth and (ii) sufficient to provide a performing as intended. The
latter is an indication  partial pressure in the system in the range of of
the efficiency of the process, once the para-     0.007x105 Pa to
0.21x[err] Pa absolute; meters have been set, taking all of the variables
(f) introducing an inert gas into the system in an into account. Typical
residence times are in the     amount sufficient to provide a total
pressure in range of about 1 to about 1000 minutes for a load    60   the
system of about one atmosphere; of medium size (one liter) polyethylene
bottles in     (g) maintaining the selected temperature by a 135 m3
chamber. Residence time has, however,       recirculating  the
halogen/inert gas  mixture a lower priority than other features of subject
through the heat exchanger; process such as safety, reduction in amount of
(h) recirculating the halogen/inert gas mixture a equipment, and efficient
utilization of fluorine.   65   sufficient number of times to reduce the
amount 4    



7                       0 102 885                            8 of halogen
to less than about 5 percent of the    Prozent betragt; und die
Verminderung der Halo- amount of halogen initially introduced into the
genmenge im.Verfahrensschritt (hl auf weniger system;
als etwa'2 Prozent des ursprunglich in das.System (i) evacuating the
system;                      eingeleiteten Halogens erfolgt. (i)
introducing air into the system to provide   's  :3 . Verfahren nach
Anspruch 1, wobei das Halo- about atmospheric pressure; and
F uor oder e 'Gemisnh aus Fluor und Broma [err] removing the material. The
peocess defined in claim 1 wherein the  -     4. Verfahren nachAnspruch 2,
wobei das Halo- temperature range in step (c) is 49C to [err] the     gen
Fluor oder ein Gemisch aus Fluor und Brom- percent in excess of halogen in
step (e) (i) is up to 10  ist.. about 5 percent; and the reduction of the
amount of, halogen in step (h) is to less than about 2
Revedications: percent of the halogen initially introduced into the      1.
Procedl discontinu J'halogenation dune: . system.
matieOre. -polymerique.,: ou  metallique  soliide, 3. The process defined
in claim 1 wherein the    15   caractrise en es     queil c omprend
lres:.tapes sui- haogen is fluorine or a miture of fluorine and
vantes,qui cnsistent;' bromine.
(a) a etablir un circuit clos comprenant une 4. The process defined in
claim 2 wherein the       chambre 'renferant. de l'air a une' pression de
halogen is fluorine or a mixture of fluorine and     lordre de la.pression
atmospherique et ayant un bromine.                                      '
20   syiteme d'admission et un systeme d'echappe- ment, Un echangeur de
chaleur'et une pompe de,. ' Patentanspruche
circulation. le tout 'monte en serie; 1. Diskontinuierliches Verfahren zur
Halogenie-      (b) a introduire a matiere dans la chambre-:-; rung von
festem' Polymerischem oder nietalli-          (c) a chauffer .la chambre et
la matiere A une schem:Material, bei dem                        25
temperature'choisie dans l'intervalle de 38 a 93eC (a) ein geschlossenes
System vorgesehen wird,      par recyclage de l'air dans l 'changeur de
cha- das eine Kammer, die.Luft bei etwa Atmospharen-      leur; druck
enthailt und mit Einila- und mit Ausla'mit-  '   (d)a creer le vide dans.le
circuit; teln versehen ist, einen Warmetauscher und eine        (e) a
introduire un halogene dans le circuit en Umwalzpumpe  aufweist, die  alle
in  Reihe    30    une quantite-(i) pouvant depasser d'environ 10 %
geschaltet sind;                                     en poids la quantite
theorique d'haldgene neces- (b) das Material in die Kammer eingeleitet
wird; -    saire pour halogener la matiere polymerrique au (c) die Kammer
und das Material auf eine           degre desire et (ii) suffisante pour
creer une gewahite Temperatur im Bereich von 38C bis           pression
absolue partielle dans le circuit allant de 93C erhitzt werden, indem die
Luft durch den    35   0,007x 105 Pa a 0,21x 105 Pa; Warmetauscher hindurch
umgewalzt wird;                 (f) A introduire un. gaz inerte dans le
circuit en (d) das System evakuiert wird;                     une quantite
suffisante pour creer une pression (e) in das System ein Halogen in einer
Menge       totale dans le circuit d'environ une atmosphere; eingeleitet
wird, welche (i) die zum Halogenieren      (g) A maintenir la temperature
choisie par recy- des  polymerischen  Materials  bis zu  einer   40   clage
du melange d'halogene/gaz inerte dans gewunschten Tiefe erforderliche
theoretische         1'6changeur de chaleur; Menge an Halogen um bis zu
etwa 10 Gewichts-           (h) a recycler le melange d'halogbne et de gaz
prozent ubersteigt und (1C1) ausreicht, urn in dem   inerte un nombre
suffisant de fois pour reduire la System fOr einen Partialdruck im Bereich
von         quantite dhalogene A moins-d'environ 5% de la 0,007x105 Pa bis
0,21 x105 Pa absolut zu sorgen;    45   quantite d'halogene initialement
introduite dans lf) in das System ein inertes Gas in ausreichen-   le
circuit; der Menge eingeleitet wird, um fur einen Gesamt-       Ci) a creer
le vide dans le circuit; druck in dem System von etwa einer Atmosphare
(j) a introduire de lair dans le circuit pour etablir zu sorgen;
une pression approximativement egale a la pres- (g) die gewahIte Temperatur
aufrechterhalten    50   sion atmospherique; et wird, indem das
Halogen/lnertgas-Gemisch durch         (k) a decharger la matiere. den
Warmetauscher hindurch umgewalzt wird;             2. Procede suivant la
revendication 1, dans Ch) das Halogen/lnertgas-Gemisch fOr eine aus-
lequel la plage de temperatures dans l'tape (c) va reichende Anzahl von
Malen umgewalzt wird, urn       de 49 a 820C, le pourcentage d'halogene en
exces die Menge an Halogen auf weniger als etwa 5    55   dans l'6tape (e)
(i) va jusqu'A environ 5%; et la Prozent der ursprunglich in das System
eingelei-     reduction de la quantite d'halogene dans l'etape teten
Halogenmenge zu vermindern;                    (h) est inf6rieure A environ
2%  de l'halogene (i) das System evakuiert wird;
initialement introduit dans le circuit. (j) in das System Luft eingeleitet
wird, um fOr      3. Procede suivant la revendication 1, dans etwa
Atmospharendruck zu sorgen; und           60   lequel l'halogene est le
fluor ou un melange de (k) das Material entfernt wird.
fluor et de brome. 2. Verfahren nach Anspruch 1, wobei der Tem-         4.
Procede suivant la revendication 2, dans peraturbereich im
Verfahrensschritt (c) 49C bis     lequel l'halogene est le fluor ou un
melange de 82C betragt; der prozentuale Oberschul an Halo-     fluor et de
brome. gen im Verfahrensschritt (e) Ci) bis zu etwa 5    65 5    


