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special surfaces at high temperatures. In this way, for example, an extra
quantity of heavy oils can be Technical Field
converted into gasoline, which may be more mar- ketable. Moreover, light
naptha, which is a mixture The present invention relates to an apparatus
5   of pentanes and hexanes, may be catalytically and a method for the
conversion of the size of     cracked to produce ethylene, [err], a
building molecules in a process stream, using an electrical  block molecule
for many petrochemicals. Limita- method, and can he used either to combine
small    tions of this approach include the cost of catalysts, molecules
into larger molecules or to separate larg-  the range of input molecules
for which they are er molecules into smaller molecules.           10
effective, and the thermal energy required for the process, which is
difficult to recover. In addition, Background Art
the world supply of liquid hydrocarbons is also being consumed, leading to
higher prices for liquid Electrical conversion of molecules of one mo-
feedstocks. Obvious alternatives include the utiliza- lecular weight into
molecules of another molecular  15  tion of other natural sources of
hydrocarbons which weight has been described in the patent application  are
in more abundant supply: natural gas, and published as PCT/US88/03228 in WO
89/02868         heavy oil. It is clear that an important advantage
(Sackinger), corresponding to U.S. Patent Applica-  would be derived from
methods to convert natural tion Ser. No. 07/485,856, filed February 22,
1990,  gas (methane in particular) into higher hydrocar- which is a
continuation application of Ser. No.  20  bons such as ethylene, propylene,
and larger mol- 07/102,361, filed September 28, 1987. In that ap-  ecules.
Most processes rely on the high-tempera- plication, an array of tubular
elements with a semi-  ture combination of methane and steam to produce
conducting layer beneath their interior surfaces is  hydrogen and carbon
monoxide. For example, a used as a converter. Electron and ion impact upon
Davy-McKee reformer furnace in New Zealand op- the interior surfaces of the
tubes is used to frag-  25  erates at [err] and 30 bar pressure with a
nickel ment neutral molecules absorbed there. Energy for  catalyst. After
cooling to  [err] at 17 barg pressure, electron and ion impact is provided
by an electric  and removal of excess stern, the reformed gas is field,
produced by the voltage applied from one    compressed to 100 barg and
passed over a side of the array to the opposite side of the array.  [err]
catalyst at [err]. The Ion impact, fragmentation and ion emission take   30
output product is crude methanol containing 17% place on the interior
surfaces of the tubes and also  water. An alumina catalyst is then used (at
310 C - ion recombination into new gas species takes       320 C and 26
barg pressure) to create dimethyl place. It can be said that the device
operates using  ether. Clearly, high operating temperatures, high electron
and ion impact, an electric field, and a  pressures, and costly equipment
are necessary. An very large interior surface area. This can have  35
approach which involves a single-stage direct con- applications in the
petrochemical process indus-   version, and in which the energy which is to
be tries.                                             supplied to a
reaction is specifically used to ac- In the petroleum process industries,
for many   complish the molecular conversion, with a mini- decades a
thermal separation process has been      mum waste as heat, would represent
an improve- applied to crude oil, which is a mixture of hydrocar-  40
ment. bons, to separate out various fractions which are      The electrical
method briefly described above subsequently used for specific purposes. For
ex-   offers significant improvements in that low pres- ample, diesel fuel,
gasoline, naptha, lubricating oils,  sures (such as 0.001 to 0.1 bar) and
room tem- and asphalts are separated by vaporization and     peratures are
involved. The use of oxygen is not subsequent condensation at appropriate
different  45  essential, and water need not be part of the reac-
temperatures and heights in a tower. The resulting  tion unless specified
output products containing yields of refined products are dependent upon
the  oxygen are desired. characteristics of the crude oil supplied, which
will  A limitation on the electrical device, however, is be different for
each petroleum reservoir. The mar-  that a lower throughput of molecules is
inherent at ket demand for each category of refined products  50  lower
pressures, so that an equipment designer will is variable in time, and
therefore the adjustment of  naturally attempt to choose the operation
pressure the petroleum refining process to changes in input  of the
electrical device to be as high as possible, composition and output demand
can be difficult     consistent with a specific conversion reaction. Each
and challenging.                                   impact of ion and
electron on the tubular reaction One remedy which has been recognized for
55  surfaces will result in a portion of the impact en- 



many years is to convert larger molecules into     ergy being converted
into thermal energy in the smaller ones, a process called cracking, which
has  material beneath the surface. A large value of pres- been normally
accomplished by catalytic action on  sure implies more ion impacts and more
conver- 2    3                 EP 0 533 907 B1                    4 sion
reactions per second, and more heat (random       Briefly, the present
invention comprises an ar- thermal energy) generated in the material. The
ray of dynodes, made of metal, or of glass or semiconducting material on
the inside surfaces of  ceramic with metal coatings. The term "dynode" is
the tubular elements may, in certain cases, have a  intended to mean any
type of electrode which, negative temperature coefficient of resistance, so
5   upon being struck at by a single electron, yields that high pressure
operation would lead to heating,  several electrons. By applying a voltage
between lower resistance, and higher leakage currents      one dynode and
an adjacent dynode, an electric through the semiconductor layers. This may
lead to  field is established between dynode surfaces. A self-heating and
thermal runaway of the semicon-   source of electrons is located at or just
outside of ductor layer, followed by destruction of electrical  10  the
negatively-connected side of the dynode array, continuity through the
layer. Proper choice of ma-  and these electrons are accelerated towards
the terials can prevent this effect, but it is the object of  first dynode,
striking its surface with energies this invention to provide an alternative
array of  which may range from several electron volts to electrodes so that
the semiconducting layer is not  more than a hundred electron volts. For
electron needed. Thus, higher pressure and higher through-   15  flow, gas
pressures of less than 1 Torr are usually put operation is facilitated.
used, although operation at pressures several or- It is also possible that
in the aforementioned  ders of magnitude higher is possible if volume
electrical device, operating at high pressures, that  electron/ion
interaction effects are to be used for a the high density of ions in the
high-pressure ends  supplemental improvement in operation. A gas of the
tubular elements could give rise to an elec-  20  which is to be converted
is admitted into the cham- tric field distribution which would depend upon
ber on the side of the dynode array which is space charge density, which in
turn could lead to  opposite the electron source. Diffusion of the plasma
instabilities and the onset of arc discharge  source gas into the dynode
array takes place, with phenomena. In an ideal device, the intensity of the
absorption of the gas molecules on the surfaces of electric field strength
would be controlled by exter-  25  the dynodes. Upon impact of the
electrons upon nal means, and would be time-variable and spa-     the
surfaces of the dynodes, several processes tially-variable according to an
adaptive and pro-  take place, the most obvious of which is the disrup-
gressively more optimal pattern of applied external  tion of molecular
bonding of the absorbed gas. In voltages. With the tubular elements and
their semi-  the case of methane source gas, a hydrogen ion is conductor
layer, this is difficult to accomplish inas-  30  created, H+, which
immediately is separated from much as only one voltage is imposed across
the     its parent molecule by the action of the electric ends of the
tubes. With this invention hereinafter  field. Hydrogen ions thus created
are accelerated described, this limitation is removed.             away
from the dynode upon which they were cre- Although the foregoing discussion
of molecular  ated, moving towards the adjacent, more negative conversion
is oriented towards hydrocarbon gas-  35  dynode. Upon impact at the
adjacent dynode, the eous conversion, it is obvious that compound gas-
hydrogen ion disrupts the bonding of the methane es containing other
elements, such as oxygen,      molecules there, and serves as an additional
elec- chlorine, flourine, bromine, nitrogen, sulfur, hydro-  tron source
via ion-induced secondary electron gen, silicon, and other elements could
be changed  emission. The impact of electrons also creates in composition
in order to accomplish certain bene-  40  secondary electron emission, with
a net gain in fits, such as the diminution of toxicity prior to  electron
flux along the dynode array. Furthermore, release into the natural
environment, or the alter-  once methane molecules are stripped of one or
ation of composition so as to render harmful gases  more hydrogen atoms,
and have been released into harmless liquids or gases prior to release into
from the dynode surface by the energy associated the environment.
45   with electron or ion impact, they are accelerated It is the object of
the present invention to   towards the positive end of the dynode array. In
provide an apparatus and a method for converting   such a state of
ionization, they will bond readily to substances having a first molecular
weight into a  other similar species, and to neutrals, upon colli- 



substance having a second molecular weight which   sion with them, and the
formation of carbon-carbon apparatus or method provides a high throughput
50  bonds is probable. By the repeated application of and allows operation
at high pressures.            this process in a methane source gas,
formation of higher-order mixtures of paraffins, aromatics, Disclosure of
the Invention                        olefins, and polyenes takes place. A
physical sepa- ration of the available hydrogen from the newly- According
to the invention these objects are  55  formed higher-order hydrocarbon
products is made fulfilled by an apparatus as claimed in claim 1, and
possible by the electric field. Charge exchange is a method as claimed in
claim 15.                   possible because of the flow of electrons
through space, and the flow of electrical current through the 3    5
EP 0 533 907 B1                        6 metallic surfaces of the dynodes.
Energy for the   with an inlet gas source 27, an outlet gas port 28,
dissociation is provided by the electric fields be-  and a hydrogen outlet
gas port 29. Disposed upon tween dynodes, which accelerates electrons, hy-
or near the inside wall of chamber 12 is an elec- drogen ions, and complex
hydrocarbon ions. En-     trode 26 constructed of metal, and on the
opposite ergy transfer is by direct impact at the surfaces of   5   side of
chamber 12 is another electrode 22 con- the dynodes. Volume interaction
effects also take  structed of metal or a suitable semiconducting ma- place
at higher pressures, with similar results. Both  terial, which can serve as
an electron source. With- chemi-absorbed  molecules and physically ab-
in the central part of chamber 12 is mounted a sorbed molecules at the
dynode surfaces are af-    plurality of tubular dynode elements 30. Each
fected and transformed by the electron impact pro-  10  dynode element
comprises metallic tubes 32 which cess. The higher-order molecules are
electrically  are joined together along their outer boundaries in moved to
the region of higher inlet gas pressure,  an array so that the axes 33 of
the tubes 32 are co- where they are carried by the inlet gas pressure
parallel. The tubular elements 32 comprise metal, gradient laterally to an
outlet stream. A condensa-  such as nickel or tantalum, and are bound
together tion stage then removes the higher-order species   is  by brazing
at their boundaries 36, as shown in and the residual methane may be
recirculated       Figure 2. The interior of the tubes 32 are open through
the device. The same device, if operated in  cylinders 34 with interior
surfaces 35 which have a high electron flux mode, could decompose high-
secondary-electron-emitting properties. High sec- order hydrocarbon
molecules deposited on the sur-  ondary electron emission yields may be
obtained, faces of the dynodes and a separate collecting   20  for example,
from layers of a silver-magnesium electrode held at a slightly positive
voltage would  alloy or a copper-beryllium alloy. There is an angle attract
such fragments. In this mode, lower molecu-  between the tubes' axes 33 and
the face 40 of the lar weight species could be produced from large
dynode array which is at least as large as the arc molecules. It is clear
that the admission of gaseous  cosine of d/l, where d is the individual
tube diam- mixtures into this apparatus would result in a vari-  25  eter
and l is the individual tube length. ety of output compounds, with a very
large number      Each dynode 30 is separated from the adjacent of
possibilities which could be considered. It is also  dynodes by a suitable
spacing, and each dynode is clear that the hydrogen ions emerging from the
separately connected electrically to a metallic con- region of the most
negative dynode could be either  nection which penetrates the insulating
part of the pumped away or could be used to fragment large-  30  enclosure.
For each pair of dynodes 30 a potential molecular-weight hydrocarbon
molecules via either  source 41 is required. Each pair of adjacent a
surface interaction or a volume interaction.     dynodes 30 has a separate
potential source 41 connected between them. Also, source 44 is con- Brief
Description of the Drawings                  nected from the final dynode
30 to electrode 26, 35  and source 43 is connected from electrode 22 to
Fig. 1 is a section view of a simplified reaction  first dynode 30.
Connection of these sources chamber of a first embodiment of the present
through a glass or ceramic chamber 12 is shown, invention;
whereas if a metallic chamber wall is used, sepa- Fig. 2 is an end section
view of part of the   rate insulative feed-through connections through
parallel array of tubes comprising one dynode of  40  the chamber wall
would be required. the first embodiment;
Briefly describing the operation of the device in 



Fig. 3 is a section view of one such tube with an  the mode which increases
hydrocarbon molecular angle between dynode face and tube axis of the
weights, the input gas such as methane [err] is first embodiment;
admitted through port 27 into the chamber 10, with Fig. 4 illustrates
examples of nine dynodes of a   45  an ambient pressure of [err] to 1 Torr,
for exam- third embodiment of the present invention;       ple. Diffusion
of the gas into tubes 32 of each Fig. 5 illustrates an example of a dynode
of a   dynode occurs, with some of the gas absorbing on fourth embodiment
of the present invention; and  the interior walls 35. Electrons originating
either Fig. 6 illustrates examples of four dynodes of a  from the electron
source 22, or from field emission fifth embodiment of the present
invention.  50  from the metallic coating on face 22, or from cos- mic
rays, photoemission, or other natural sources, Best Mode for Carrying Out
the Invention           are accelerated along the length of the region from
source 22 to first dynode 30, striking the interior Referring now to the
drawings and, in particu-  walls 35 with substantial energies such as 10 to
lar, to Figure 1, there is shown an electrical device   55  100 electron
volts. The range of energy values is 10 for conversion  of hydrocarbon
molecular       adjustable with potential source 43. A sequence of weights
using dynodes, comprising a chamber 12     cascading impacts takes place,
which will be de- with walls constructed of glass, ceramic, or metal,
scribed below in detail, which removes hydrogen 4    7                EP 0
533 907 B1                    8 ions from the absorbed molecules, and
allows hy-  contribute to the electron cascade required for the drogen ions
to move in the open cylinders 34      process; this is a positive ion
feedback effect. The towards source 22, while at the same time allows  same
impact of hydrogen ion 52 on wall 35 will negatively-charged hydrocarbon
ions to move in    also provide sufficient energy to disrupt the bond- the
open cylinders 34 towards the next adjacent   5   ing of one or several gas
molecules 55 absorbed at dynode 30. Subsequent impact of these hydrocar-
that site, thus creating more positive hydrogen ions bon ions with other
similar charged or neutral spe-  and negative hydrocarbon ions which are
released cies on adjacent dynode 30 causes combination     from that site
and which are accelerated in op- into larger hydrocarbon molecules, which
emerge   posite directions, thus contributing to the process. from the face
40 of final dynode 30 and are  10  The hydrocarbon ion 53, acquiring
kinetic energy pumped away into outlet 28. Concurrently, the ex-  along its
path, strikes an adjacent dynode tube wall tracted hydrogen ions are
carried by the electric  35 with energy sufficient to disrupt bonds of mol-
field due to potential source 43 towards source 22  ecules 55 at the site
of impact, permitting the where they combine with others of the same spe-
formation of a carbon-carbon bond at that site, and cies and are pumped
away into outlet 29. A parti-  15  thus the creation of a higher weight
hydrocarbon tion 37 of the chamber 10 prevents mixing of      molecule. At
the site of formation of the carbon- hydrogen with hydrocarbons. Some of
the inlet     carbon bond, other processes such as secondary methane will
pass, by diffusion, directly into outlet  electron production, and hydrogen
ion production port 28 and will be separated in subsequent con-  also may
be expected to take place. In some densation stages from the heavier
hydrocarbon   20  cases, the higher-weight hydrocarbon may not molecules
formed by the device operation, after   leave the wall 35 immediately upon
creation but which the methane may be recirculated back into   will be
dislodged by a subsequent electron or ion the inlet stream which feeds port
27.             impact. The net trend of these processes may be To further
elaborate upon the details of the   summarized by noting that (a) electron
and ion separation and recombination mechanism, with ref-  25  kinetic
energy is applied to the surface zone where erence to Figure 3, the methane
molecules 55 may  the hydrocarbon molecules are absorbed; (b) rup- be
considered to be absorbed upon the interior    ture of at least one of the
hydrocarbon bonds leads walls 35 in a strong, chemi-sorbed bond, which
to a species separation by means of the electric pertains to a surface
monolayer, and also in a    field; (c) the arrival of an energetic
hydrocarbon ion weaker, multi-molecular-layer bond for additional  30  at
the surface zone further disrupts absorbed mol- molecules. When interior
surfaces 35a are struck  ecules and causes them to form carbon-carbon by an
incident electron 51 with energy in the range  bonds; and (d) higher weight
molecules are moved, 10 to 100 electron volts, a variety of processes are
as ions, in a direction opposite that of the excess initiated. Some of the
incident electron 51 energy  hydrogen, to the end of the device where they
are 



goes to create secondary electrons 57 which are  35  pumped out. emitted
from the wall 35 and which are accelerated    Replenishment of methane
molecules 55 on in complex trajectories 58 to perpetuate the pro-  the
surface will take place rapidly by diffusion and cess at the next impact on
the next dynode 30 with  deposition from the gas phase present in the tube.
wall 35. In order to extract the secondary electrons  Some degree of
interaction between charged par- thus created in dynode 30, the distorted
electric  40  ticles and neutral molecules in the volume space of field
associated with the presence of the open    the tube will also take place,
with charge-separation aperture at the end of the tubes 32 must extend
and species separation trends as described for the nearly to the region of
secondary electron creation,  walls 35, further enhancing the process.
which in turn is within about one to two diameters   The proper amount of
charge required for elec- of the electron-input side of the dynode 30.
Thus,  45  tron current conservation at each impact site is the length l of
the tubular elements 32 will be only  provided by the metal dynodes 30. 2
to perhaps 5 times the diameter d of a tubular     The paths of the
electrons and of the ions, as element 32. The cascading impacts remove hy-
described above, have a length which depends drogen ion 52 from an absorbed
gas molecule 55,   upon the dynode-to-dynode electric field strength, also
creating a negatively-charged hydrocarbon ion  50  upon the initial kinetic
energy of the particles, and 53, for example [err] or [err]. Some of the
incident  their direction of emission from the surface. Inas- electron 51
energy imparts sufficient kinetic energy  much as the impact-creation of
these charged par- to these ions 52 and 53 so that they depart from  ticles
involves the combination of many random their surface creation site and are
accelerated   processes within the wall 35, the direction and along the
electric field direction, in complex curved  55  initial kinetic energy of
the particles will follow a paths. The hydrogen ion 52 will subsequently
strike  statistical distribution function. The alternate ori- an adjacent
dynode tube wall 35 with sufficient   entation of the axes of the tubes in
adjacent energy to create secondary electrons which will   dynodes is
chosen so that ion impact is assured on 5    9              EP 0 533 907 B1
10 each dynode, and therefore electrons and ions are         lector
electrode (26) for providing said first, not passing through a dynode
cylinder without im-          final, and intermediate electrical
potentials, pacting the interior surface 35 of a tubular element
respectively; 32.
CHARACTERIZED in Other dynode shapes are possible. For exam-   5        e)
that the at least two intermediate elec- ple, as shown in Fig. 4, a dynode
may be con-             trodes (30) consist of serially arranged structed
of an array of flat strips of metal, with the     dynodes, each dynode
consisting of an faces co-parallel and inclined at an angle, resem-
electrically-conductive material, or either a bling the well-known
"Venetian-blind." Each such           glass material or a ceramic material
with an "Venetian-blind" dynode would have the main   10
electrically-conductive coating; and length direction of the strips
oriented orthogonal to     f) that the at least one reaction channel the
length direction in the adjacent dynodes. Other        consists of a series
of apertures in said possible dynode shapes include, for example, an
dynodes; said apertures being so arranged array of intersecting strips
which form squares (Fig.     that the electrons and ions are not passed 5),
or plates with an array of connical holes drilled   15  through a dynode
without impacting on its or punched into their surface (Fig. 6).
interior surfaces (35). Claims
2. The apparatus according to claim 1, CHAR- ACTERIZED in that each of the
dynodes com- 1. An apparatus for converting a gas containing a   20   prise
at least one tubular element. substance having a first molecular weight
into a gas containing a substance having a second     3. The apparatus
according to claim 2, CHAR- molecular weight comprising:
ACTERIZED in that the tubular elements have a) a reaction chamber (12)
having                 a length of 2 - 5 times their diameter. i) a gas
inlet (27) for letting the sub-   25 stance having the first molecular
weight    4. The apparatus according to claim 2, CHAR- into the chamber,
and                           ACTERIZED in that each of the tubular ele-
ii) at least one gas outlet (28,29) for         ments has a central axis,
and that the dynodes 



letting the substance having the second         are aranged so that their
respective axes are at molecular weight out of the chamber;   30
different orientations. b) at least one reaction channel for ionizing and
reacting molecules of said gas by elec-   5. The apparatus according to
claim 4, CHAR- tron and ion impact upon its interior surface     ACTERIZED
in that the generated electrical (35); said surface exhibiting
secondary-elec-     field extends into at least a portion of each
tron-emitting properties; and            35       said tubular elements. c)
an electrical field generation means for accelerating the electrons and
ions in said   6. The apparatus according to claim 1, CHAR- at least one
reaction channel, said means         ACTERIZED in that each of the dynodes
com- comprising                                        prises flat strips
arranged mutually co-parallel i) an emitter electrode (22) providing a   40
in both a main length direction and in a width first electrical potential,
direction. ii) a collector electrode (26) providing a final electrical
potential, and             7. The apparatus according to claim 1, CHAR-
iii) at least two intermediate electrodes       ACTERIZED in that each of
the dynodes com- (30) comprising a first intermediate elec-   45  prises
flat strips arranged to form at least one trode providing a first
intermediate elec-      tubular element having a polygonal cross-sec-
trical potential, and a final intermediate     tion. electrode providing a
final intermediate electrical potential,                       8. The
apparatus according to claim 1, CHAR- said intermediate electrodes being
sepa-   50   ACTERIZED in that each of the dynodes com- rated from each
other with suitable spac-       prises a plate having at least one conical
open- ings, providing electrical potentials inter-    ing formed
therethrough. mediate between the first and final elec- trical potentials;
and                      9. The apparatus according to any one of claims d)
at least one electrical potential source   55  1-8, CHARACTERIZED in that
the serially ar- (43,44) having terminals connected to the         ranged
dynodes consist of two dynodes. emitter electrode (22), to the at least two
intermediate electrodes (30), and to the col- 6    11                 EP 0
533 907 B1                     12 10. The apparatus according to any one of
claims     PatentansprUche 1-8, CHARACTERIZED in that the serally ar-
ranged dynodes consist of four dynodes.          1. Vorrichtung zur
Umwandlung eines Gases, das eine Substanz enthalt, die ein erstes Moleku-
11. The apparatus according to claim 10, CHAR-   5      largewicht hat, in
ein Gas, das eine Substanz ACTERIZED in that at least two of the four
enthalt, die ein zweites Molekulargewicht auf- dynodes (30) comprises flat
strips arranged         weist, mit: mutually co-parallel in both a main
length di-         a) einer Reaktionskammer (12), die rection and a width
direction.                           i) einen GaseinlaB (27) zum  Einlassen
10           der das erste Molekulargewicht aufwei- 12. The apparatus
according to any one of claims             senden Substanz in die Kammer
und 1-11, CHARACTERIZED in that it further com-               ii)
wenigstens einen GasauslalB (28, 29) prises means for time-varying and/or
spatially-           zum Auslassen der das zweite Molekular- varying said
electrical potentials.                       gewicht aufweisenden Substanz
aus der i5           Kammer hat, 13. The apparatus according to any one of
claims           b) wenigetens einem  Reaktionskanal zum 1-12,
CHARACTERIZED in that the dynodes                lonisieren und Umsetzen
von Molekalen des are arranged into two arrays.
Gases durch Elektronen- und lonen-Aufprall auf seine Innenflache (35);
wobei diese Fla- 14. The apparatus according to any one of claims   20
che    Sekundarelektronenemissionseigen- 1-12, CHARACTERIZED in that the
dynodes                schaften hat; und 



are arranged into four arrays.                         c) ein elektrisches
Feld erzeugenden Mitteln zum Beschleunigen der Elektronen und lo- 15. A
method for converting a first substance hav-         nen im  zumindest
einen Reaktionskanal, ing a first molecular weight into a second sub-   25
welche Mittel stance having a second molecular weight corn-             i)
eine Emitterelektrode (22), die ein er- prising
stes elektrisches Potential vorsieht, (a) introducing the first substance
into a             ii) eine Sammelelektrode (26), die ein reaction zone
comprising                               abschliefendes  elektrisches
Potentiel (i) at least one reaction channel having   30       vorsieht, und
an interior surface exhibiting secondary-           iii) zumindest zwei
Zwischenelektroden electron-emitting properties,
(30), mit einer ersten Zwischenelektrode, (ii) serially  arranged  dynodes,
each              die ein erstes elektrisches Zwischenpo- dynode consisting
of an electrically-con-            tential vorsieht, und einer
abschlieBenden ductive material, or either a glass ma-  35
Zwischenelektrode, die ein abschlieBen- terial or a ceramic material with
an elec-           des elektrisches Zwischenpotential vor-
trically-conductive  coating, and  said             sieht, umfassen,
dynodes having a series of apertures                 wobei die
Zwischenelektroden voneinan- constituting said at least one reaction
der durch geeignete Abstande getrennt channel; said apertures being so ar-
4o             sind, die elektrische Zwischenpotentiale ranged that the
electrons and ions are              zwischen dem ersten und dem abschlie-
not passed through a dynode without im-              13enden Potential
vorsehen; und pacting on its interior surfaces; and             d)
zumindest einer elektrischen Spannungs- (iii) at least one electrical
potential source    quelle (43, 44) mit Anschllssen, die mit der having
terminals connected  to  said   45        Emitterelektrode (22), den
zumindest zwei dynodes for providing electrical poten-
Zwischenelektroden (30) und der Sammel- tials for an electrical field for
acceleration    elektrode (26) zum  Vorsehen des ersten of electrons and
ions;                            elektrischen Potentials, des
abschlieflenden (b) absorbing said first substance on the
elektrischen Potentials bzw. der elektrischen interior surface of said at
least one reaction   so  Zwischenpotentiale verbunden sind; channel;
dadurch gekennzeichnet, (c) reacting said first substance in response
e) daB die zumindest zwei Zwischenelektro- to electrons and ions
accelerated by the             den (30) aus in Reihe angeordneten Dyno-
electrical field to create said second sub-          den bestehen, wobei
jede Dynode aus ei- stance; and                              as
nem elektrisch leitenden Material, oder ent- (d) collecting said second
substance.               weder einem Glasmaterial oder einem Kera-
mikmaterial mit einer elektrisch leitenden Beschichtung besteht; und 7
13                EP 0 533 907 B1                    14 f) daB der
zumindest eine Reaktionskanal        Haupt-Langsrichtung als auch in einer
Breiten- aus einer Reihe von Offnungen in diesen         richtung
angeordnet sind. Dynoden besteht; wobel die Offnungen der- art angeordnet
sind, daB die Elektronen und  12. Vorrichtung nach einem der AnsprUche 1
bis lonen nicht durch eine Dynode hindurchge-   5   11, dadurch
gekennzeichnet, daB sie welter leitet werden, ohne auf deren Innenflachen
Mittel zur zeitlichen und/oder raiumlichen An- (35) aufzuprallen.
derung der elektrischen Potentiale aufweist. 2. Vorrichtung nach Anspruch
1, dadurch gekenn-    13. Vorrichtung nach einem der AnsprUche 1 bis
zeichnet, daB jede der Dynoden zurnindest ein  10  12, dadurch
gekennzeichnet, daB die Dynoden rohrf6rmiges Element aufweist.
in zwei regelmaifigen Anordnungen angeordnet sind. 3. Vorrichtung nach
Anspruch 2, dadurch gekenn- zeichnet, daB die rohrffrmigen Elemente eine
14. Vorrichtung nach einem der Anspr(Iche 1 bis Lange gleich dem 2-5fachen
ihres Durchmes-  15     12, dadurch gekennzeichnet, daB die Dynoden 



sers haben.                                       in vier regelmaBigen
Anordnungen angeordnet sind. 4. Vorrichtung nach Anspruch 2, dadurch
gekenn- zeichnet, daB jedes der rohrformigen Elemente  15. Verfahren zur
Umwandlung einer ersten Sub- J)     eine zentrale Achse hat und daB die
Dynoden   20   stanz, die ein erstes Molekulargewicht hat, in derart
angeordnet sind, daB ihre entsprechen-      eine zweite Substanz, die ein
zweites Moleku- den Achsen unter verschiedenen Ausrichtun-
largewicht hat, wobei gen verlaufen.
(a) die erste Substanz in eine Reaktionszo- ne eingefahrt wird, die 5.
Vorrichtung nach Anspruch 4, dadurch gekenn-  25        (i) zumindest elnen
Reaktionskanal mit zeichnet, daB sich das erzeugte elektrische
einer Innenflache, die Sekundarelektro- Feld in zumindest einen Teil jedes
rohrffrmi-           nenernissionseigenschaften hat, gen Elements hinein
erstreckt.                         (ii) in Reihe angeordnete Dynoden, wobei
jede Dynode aus einem elektrisch leiten- 6. Vorrichtung nach Anspruch 1,
dadurch gekenn-  3o        den Material, oder entweder einem Glas-
zeichnet, daB jede der Dynoden flache Streifen          material oder einem
Keramikmaterial mit aufweist, die gegenseitig parallel zueinander
einer elektrisch leitenden Beschichtung sowohl in einer Haupt-LAngsrichtung
als auch            besteht, und wobei die Dynoden eine in einer
Breitenrichtung angeordnet sind.               Reihe von Offnungen
aufweisen, die den 35           zumindest einen Reaktionskanal bilden; 7.
Vorrichtung nach Anspruch 1, dadurch gekenn-            wobei die Offnungen
derart angeordnet zeichnet daB jede der Dynoden flache Streifen
sind, daB die Elektronen und lonen nicht aufweist, die angeordnet sind, um
zumindest             durch eine Dynode hindurchgeleitet wer- K'    ein
rohrformiges Element mit mehreckigem                 den, ohne auf deren
Innenflachen aufzu- Querschnitt zu bilden.                    40
prallen; und (iii) zumindest eine elektrische Span- B. Vorrichtung nach
Anspruch 1, dadurch gekenn-            nungsquelle mit AnschlUssen
aufweist, zeichnet, daB jede der Dynoden eine Platte mit          die mit
den Dynoden zum  Vorsehen zumindest einer hindurchgeformten konischen
elektrischer Potentiale ftr ein elektri- Offnung aufweist.
45            sches Feld zur Beschleunigung von Elek- tronen und lonen
verbunden sind; 9. Vorrichtung nach einem der AnsprUche 1 bis           (b)
die erste Substanz an der Innenflache 8, dadurch gekennzeichnet, daB die
Dynoden-          des zumindest einen Reaktionskanals ad- Reihenanordnung
aus zwei Dynoden besteht.            sorbiert wird; 50        (c) die erste
Substanz in Reaktion auf durch 10. Vorrichtung nach einem der AnsprUche 1
bis           das elektrische Feld beschleunigte Elektro- 8, dadurch
gekennzeichnet, daB die Dynoden-          nen und lonen umgesetzt wird, um
die zwei- Reihenanordnung aus vier Dynoden besteht.            te Substanz
zu schaffen; und (d) die zweite Substanz gesammelt wird. 11. Vorrichtung
nach Anspruch 10, dadurch ge-  55 kennzeichnet, daB zumindest zwei der vier
Dy- noden (30) flache Streifen aufweisen, die ge- genseitig parallel
zueinander sowohl in einer 8    15                EP 0 533 907 B1
16 Revendications                                           les ouvertures
etant placees, de sorte qua les electrons et les ions no passent pas au 1.
Appareil de conversion d'un gaz contenant une         travers d'une dynode
sans provoquer un substance ayant un premier poids mol6culaire
impact sur ses surfaces int6rieures (35). en un gaz contenant une substance
ayant un   5 deuxibme poids mol6culaire, comprenant:         2. Appareil
suivant la revendication 1, caracteris6 a) une chambre de reaction (12),
ayant           en co que chacune des dynodes comprend au i) une entr6e de
gaz (27) pour l'introduc-    moins un el6ment tubulaire. 



tion dans la chambre, de la substance ayant le premier poids moleculaire;
10  3. Appareil suivant la revendication 2, caracterise ii) au moins une
sortie de gaz (28, 29)       en ce que les 4l6ments tubulaires ont une pour
la sortie de la chambre, de la subs-     longuour de 2 A 5 fois leur
diambtre. tance ayant le deuxibme poids moI6- culalre;
4. Appareil suivant la revendication 2, caract6rise b) au moins un tube de
reaction pour ioni-  15   en ce que chacun des 6l6ments tubulaires a ser ot
faire reagir les molecules du gaz par     un axe central et en ce quo les
dynodes sont impacts electroniques et ioniques sur sa         placees, de
sorte quo lours axes respectifs surface interieure (35); la surface
presentant   sont orientes de maniere differente. des proprietes d'6mission
electronique so- condaire, et                            20  5. Appareil
suivant la revendication 4, caracteris6 c) un dispositif g6nerant un champ
olectri-     on ce que le champ 6lectrique g6ner6 s'6tend que pour
acc6lerer les electrons et les ions     sur au moins une partie de chacun
des e16- dans le ou les tubes de reaction, le disposi-    ments tubulaires.
tif comprenant: i) une electrode d'dmission (22) fournis-  25  6. Appareil
suivant la revendication 1, caracterise sant un premier potentiol
electrique;         en ce quo chacune des dynodes comprend ii) une
diectrode collectrice (26) fournis-   des bandes plates plac6es de manibre
copa- sant un potentiel electrique final, et        rallble mutuelle, dans
la direction longitudinale iii) au moins deux electrodes interm6diai-
principalo et le sons de la largeur. res (30), comportant une premiere
elec-  30 trode intermmdiaire fournissant un pre-    7. Appareil suivant la
revendication 1, caracteris6 mier potentiel 6lectrique intermediaire et
en ce quo chacune des dynodes comprend une 4lectrode intermediaire finale
foumis-    des bandes plates placees pour former au sant un potentiel
electrique interm6diaire    moins un element tubulaire ayant une section
final,                                35      transversale polygonale. les
electrodes interm6diaires etant separees les unes des autres par des
&  Appareil suivant la revendication 1, caracterise ecartements appropries,
fournissant des       en ce que chacune des dynodes comprend un K-,
potentiels electriques interm~diaires en-      plateau ayant au moins une
ouverture conique tre les potentiols 6lectriques premier et  40  formde
dans colui-ci. final; d) au moins une source de potentiel 6lectri-  9.
Appareil suivant l'une quelconque des revendi- quo  (43, 44) comprenant des
bornes              cations 1 a 8, caractkris4 on ce quo les dyno-
connectees a I'6lectrode d'emission (22),        des plac6es en s6rie
consistent en deux dyno- aux electrodes intermediaires (30), au nom-   45
des. bre d'au moins deux, et a I'6lectrode collec- trice (26) pour fournir
les potentiols electri-  iO. Appareil suivant l'une quelconque des revendi-
ques premier, interm6diaires et final, res-      cations 1 a 8, caracterise
en co que les dyno- pectivement;                                     des
plac6es en sdrie consistent en quatre dy- caracterise en ce que:
50       nodes. e) les electrodes intermediaires (30), au nombre d'au moins
deux, consistent en des    11. Appareil suivant la revendication 10,
caract6ri- dynodes placeos on s6rie, chaque dynode          s6 en co qu'au
moins deux des quatre dyno- consistant en une matibre conduisant l'elec-
des (30) comprennent des bandes plates pla- tricit6 ou du verre ou de la
ceramique avec  5s  cees de manibre coparallble mutuelle, dans la un
revitement conduisant I'electricite, et       direction longitudinale
principale ot le sons de f) le ou les tubes de reaction consistent en
la largeur. une s6rie d'ouvertures dans les dynodes, 9    17
EP 0 533 907 B1                    18 12. Appareil suivant Pune quelconque
des revendi- 



cations 1 & 11, caractdrise en ce qu'il corn- prend, en outre, un
dispositif pour modifier dans le temps et/ou dans I'espace, les poten- j)
tiolsedlectriques.                           5 13. Appareil suivant l'une
quelconque des revendi- cations 1 a 12, caract6ris6 en ce quo les dynodes
sont plac~es en deux dispositions. 10 14. Appareil sulvant l'une quelconque
des revendi- cations 1 a 12, caracterise en ce que les dynodes sont placees
en quatre dispositions. 16. Procede de conversion d'une premibre subs-  is
tance ayant un premier poids mol6culaire en une deuxibme substance ayant un
deuxibme poids moleculaire, comprenant: a) I'introduction de la premiere
substance dans une zone de reaction comprenant:   20 i) au moins un tube de
reaction ayant une surface interieure presentant des propriet~s d'emission
secondaire d'6Iec- trons; ii) des dynodes placees en serie, chaque   25
dynode consistent en une matibre conduisant l'6lectricit6, ou un verre ou
une ceramique avoc un revetement conduisant l6lectricit4 et, les dynodes
ayant une serie d'ouvertures constituent  30 le ou les tubes de r6eaction;
les ouvertu- res 4tant plac6es, de sorte que les elec- trons et les ions ne
traversent pas une dynode sans provoquer des impacts sur ses surfaces
interieures, et          35 iii) au moins une source de potentiel
electrique ayant des bornes connectees aux dynodes pour fournir des
potentiels flectriques pour un champ electrique pour accdldrer les
ielctrons et les ions;    40 b) I'absorption de la premibre substance sur
la surface int6rieure du ou des tubes de r6action; c) la r~action de la
premibre substance avec les 4lectrons et les ions acc6l6rds par  45 le
champ 6lectrique pour cr6er la deuxibme substance, et d) la rdcolte de la
deuximo substance. s0 55 10    


