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DESCRIPTION

[0001] This invention relates to a reactor for manufacturing objects by solid freeform fabrication, especially titanium and titanium
alloy objects, see claim 1.

Background

[0002] Structured metal parts made of titanium or titanium alloys are conventionally made by casting, forging or machining from a
billet. These techniques have a disadvantage of high material use of the expensive titanium metal and large lead times in the
fabrication.

[0003] Fully dense physical objects may be made by a manufacturing technology known as rapid prototyping, rapid
manufacturing, layered manufacturing or additive fabrication. This technique employs computer aided design software (CAD) to
first construct a virtual model of the aobject which is to be made, and then transform the virtual model into thin parallel slices or
layers, usually horizontally oriented. The physical object may then be made by laying down successive layers of raw material in
the form of liquid paste, powder or sheet material resembling the shape of the virtual layers until the entire object is formed. The
layers are fused together to form a solid dense object. In case of depositing solid materials which are fused or welded together,
the technique is also termed as solid freeform fabrication.

[0004] Solid freeform fabrication is a flexible technique allowing creation of objects of almost any shape at relatively fast
production rates, typically varying from some hours to several days for each object. The technique is thus suited for formation of
prototypes and small production series, but less suited for large volume production.

Prior art

[0005] The technique of layered manufacturing may be expanded to include deposition of pieces of the construction material,
that is, each structural layer of the virtual model of the object is divided into a set of pieces which when laid side by side form the
layer. This allows forming metallic objects by welding a wire onto a substrate in successive stripes forming each layer according to
the virtual layered model of the object, and repeating the process for each layer until the entire physical object is formed. The
accuracy of the welding technique is usually to coarse to allow directly forming the object with acceptable dimensions, the formed
object will thus usually be considered a green object or pre-form which need to be machined to acceptable dimensional accuracy.

[0006] Taminger and Hafley [1] disclose a method and device for manufacturing structural metal parts directly from computer
aided design data combined with electron beam freeform fabrication (EBF). The structural part is build by welding on successive
layers of a metallic welding wire which is welded by the heat energy provided by the electron beam. The process is schematically
shown in Figure 1, which is a facsimile of figure 1 of [1]. The EBF process involves feeding a metal wire into a molten pool made
and sustained by a focused electron beam in a high vacuum environment. The positioning of the electron beam and welding wire
is obtained by having the electron beam gun and the positioning system (the support substrate) movably hinged along one or
more axis (X, Y, Z, and rotation) and regulate the position of the electron beam gun and the support substrate by a four axs
motion control system. The process is claimed to be nearly 100 % efficient in material use and 95 % effective in power
consumption. The method may be employed both for bulk metal deposition and finer detailed depositions, and the method is
claimed to obtain significant effect on lead time reduction and lower material and machining costs as compared to the
conventional approach of machining the metal parts.

[0007] The electron beam technology has a disadvantage of being dependent upon a high vacuum of 101 Pa or less in the
deposition chamber. This may be avoided by substituting the spot heating by the focused electron beam by a plasma transferred
arc. In this case the formation of the local melt pool is obtained by heat created by an arc discharge between two inert electrodes
and which is directed onto the melting spot by a focused stream of an inert plasma forming gas. This process may readily be
applied at atmospheric pressures and thus allow simpler and less costly process equipment. An example of this technology is
disclosed in US 7 326 377 and US 2006/185473. This technology is sometimes denoted plasma transferred arc solid freeform
fabrication (PTA-SFFF).

[0008] US 2006/185473 discloses a method where a high energy plasma beam such as a welding torch in place of the very
expensive laser traditionally used in a solid freeform fabrication (SFFF) process with relatively low cost titanium feed material by
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combining the titanium feed and alloying components in a way that considerably reduces the cost of the raw materials. More
particularly, in one aspect the present invention employs pure titanium wire (CP Ti) which is lower in cost than alloyed wire, and
combines the CP Ti wire with powdered alloying components in-situ in the SFFF process by combining the CP Ti wire and the
powder alloying components in the melt of the welding torch or other high power energy beam. In another embodiment, the
invention employs titanium sponge material mixed with alloying elements and formed into a wire where it may be used in an SFFF
process in combination with a plasma welding torch or other high power energy beam to produce near net shaped titanium
components. The process according to US 2006/185473 is schematically drawn in figure 2, which is a facsimile of figure 1 of this
document.

[0009] Titanium metal or titanium alloys heated above 400 °C may be subject to oxidation upon contact with oxygen. It is thus
necessary to protect the weld and heated object which is being formed by layered manufacture against oxygen in the ambient
atmosphere. WO 2009/068843 discloses an inert gas shield for welding which produces an even outflow of protecting inert gas.
By placing the shield above the object which needs to be protected, the even flow of inert gas will displace ambient atmosphere
without creating vortexes which may entrain ambient oxygen containing gas. The shield is formed as a hollow box of which the
inert gas enters the interior and is allowed to escape the interior of the box through a set of narrow openings made in one wall of
the box.

[0010] FromEP 1 245 322 it is known a method for forming a body by deposition of a weld material comprises providing a
welding head (12), and providing support means (34) to support the body. The welding head (12) and the support means (34)
are connected to a supply of electricity to form an arc between the welding head (12) and the support means (34) to melt the weld
material. The welding head (12) and the support means (34) are manipulated relative to each other to deposit the weld material
and form a carrier member of the body. The carrier member is formed to carry a projecting member. The carrier member has a
first portion (52) of a first predetermined thickness and a second portion (54) of a second predetermined thickness, the second
predetermined thickness being greater than the first predetermined thickness. A projecting member is provided on the first
portion. The projecting may be formed by manipulating the support means (34) and the welding head (12) relative to each other
to deposit the weld material on the second portion (54) of the carrier member and form the projecting member.

[0011] From US 4 328 257, which is considered to represent the most relevant state of the art, it is known a method for
depositing uniform protective coatings on components with a high strength bond by utilizing a supersonic plasma stream and a
transferred arc system of selectively reversible polarity. By maintaining plasma stream velocity at a sufficiently high Mach number,
and using stream temperatures and static pressures which establish a shock pattern characteristic that diffuses the arc, the
workpiece is made cathodic relative to the plasma gun at predetermined intervals. This creates a sputtering effect in which
electrons and atoms are ejected from the workpiece despite the impacting plasma flow and the ambient pressure level. This
sputtering action is undertaken to clean the workpiece once it is sufficiently heated and to cause intermingling of molecules of the
substrate material with molecules of a deposition powder injected into the plasma flow; This preparatory deposition, together with
the clean workpiece surface, enables a subsequent buildup of securely bonded and high uniform material.

Objective of the invention

[0012] The main objective of the invention is to provide a reactor for rapid layered manufacture of objects in titanium or titanium
alloys.

Description of the invention

[0013] The invention is based on the realisation that by making the deposition chamber sufficiently void of oxygen, the need for
employing protective measures to avoid oxidising the newly welded area by ambient atmospheric oxygen is no longer present
such that the welding process may proceed at a larger velocity. For example, in production of objects of titanium or titanium alloy,
there is no longer need for cooling the welded zone to below 400 °C to avoid oxidation.

[0014] Thus in a first aspect, the invention relates to a reactor for production of an object of a weldable material by solid freeform
fabrication, where the reactor comprises:

¢ a reactor chamber (1) which is closed to the ambient atmosphere, where the reactor is filled with argon as inert gas,
e an actuator (2) controlling the position and movement of a support substrate (3) placed inside the reactor chamber,
» an actuator (4) controlling the position and movement of a high energy plasma transferred arc welding torch (5) with a wire
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feeder,

s a control system able to read a virtual three dimensional vectorized layered model of the object which is to be formed and
employ the virtual model to control the position and movement of the actuators (2, 4), operation of the welding torch (5) and
wire feeder such that a physical object is build by welding a layered structure of quasi one-dimensional pieces of the
weldable material onto the supporting structure according to the virtual three dimensional vectorized layered model of the
object which is to be formed,
wherein

¢ all adjacent wall elements (6) of the walls of the reactor chamber are joined with an obtuse angle (larger than 90°),

¢ the actuator (2) extends from below the reactor chamber and protrudes into the reactor chamber through an opening (7) in
the reactor chamber wall holding the support substrate (3) inside the reactor chamber,

¢ the opening (7) is sealed by at least one elastic gas impermeable membrane (8) which is gas tight attached to the reactor
wall at the opening (7) and to the actuator (2),

o the actuator (4) extends from the outside of the reactor chamber and protrudes into the reactor chamber through an
opening (9) of the wall of reactor chamber holding the high energy plasma transferred arc welding torch (5) with wire feeder
of the weldable material inside the reactor chamber,

¢ the opening (9) is sealed by the at least one elastic gas impermeable membrane (10) which is gas tight attached to the
reactor wall at the opening (9) and to the actuator (4),

s the reactor is equipped with at least one closable gas inlet (11) located in the lower part the reactor chamber and at least
one closable gas outlet (12) located at the upper part of the reactor chamber,

o where the gas inlet (11) is equipped with means for regulating the argon pressure to about 100 Pa above the ambient
atmospheric pressure, and

o the reactor is equipped with means for measuring the oxygen content of the inert atmosphere inside the reactor chamber,
and means to engage the flushing of the chamber with fresh inert gas in case the oxygen concentration rises above a pre-
set maximum value.

[0015] The term "wall of the reactor chamber" as used herein, includes all sides of the enclosed compartment constituting the
reactor chamber including floor and ceiling unless specified otherwise. The term "lower part of the reactor chamber" as used
herein means some location in the lower level (close to the floor) of the reactor chamber, while the term "upper part of the reactor
chamber" as used herein means some location in the upper level (close to the ceiling) of the reactor chamber.

[0016] The feature of adjoining the wall elements constituting the walls of the reactor chamber with an obtuse angle combined
with at least one closable gas inlet at the lower part of the chamber and at least one closable gas outlet at the upper part of the
reactor chamber, provides the ability to substitute the atmosphere inside the chamber with inert pure argon gas, helium, or a gas
mixture of Ar-He in a simple and effective manner which practically eliminates vortices and back flow zones entraining remnants of
the oxygen containing gas which is to be substituted. This feature may thus be considered as a mean for effective filling of the
reactor chamber with inert gas. Thus the term "highest level" as used herein means the highest part of the reactor chamber
relative to the gravitational field, and the term "the lowest level" is the lowest part of the reactor chamber relative to the
gravitational field.

[0017] The effect of the obtuse angle between adjacent wall elements increases the larger angle being employed. However, the
size of the reactor compartment will increase with increasing angle. Thus in practice it is necessary to find a trade-off between the
need for avoid sharp edges inside the chamber and the size of the chamber. Thus the obtuse angle should in practice be
between 95 and 130°, more suitably between 100 and 120°.

[0018] The feature of placing the main parts of the actuators controlling the position and movement of the support substrate and
the welding torch (including wire feeder) on the outside of the reactor chamber is to reduce the possibility of forming back flow
zones or vortex forming zones around the production equipment inside the reactor chamber to a level as low as possible, and
thus aid the process of flushing out the oxygen in the reactor chamber before initiating the solid freeform fabrication of the object.
The flushing of the chamber is alleviated by placing electric cables, tubes etc. passing through the reactor walls at a distance of
each other of at least 5 mm.

[0019] The elastic gas tight sealing of the openings in the reactor chamber may be obtained by employing one or more layers of
elastic and gas impermeable rubber. The rubber sheet(s) may be attached by using clamping frames which is attached to the
reactor wall and clamping rings attached to the actuator arm protruding in through the opening in the reactor chamber. In this
manner, the actuator arms is given the possibility of moving rather freely in relation to the reactor wall and still obtain a gas tight
closure of the opening in the reactor wall by the elastic gas impermeable rubber.
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[0020] The oxygen protection of the reactor chamber may be increased by inserting sufficient argon to obtain a slightly elevated
pressure inside the reactor chamber as compared to the ambient atmosphere, such as for instance around 100 Pa above the
ambient atmosphere. The reactor chamber may also be equipped with a measuring instrument to monitor one or more of the
oxygen, nitrogen and other gas contents in the inert atmosphere inside the chamber, and thus allowing flushing out eventual
occurrence of inacceptable oxygen, nitrogen etc levels in the reactor chamber before reaching levels harmful for the metal object
under manufacturing.

[0021] The reactor chamber according to the first aspect of the invention may easily be filed with argon or other inert
atmosphere to obtain an atmosphere inside the chamber with an oxygen concentration of 50 ppm or less. At such low oxygen
levels, there is no significant risk of inacceptable oxidation of the object being formed, such that the welding process may be run
at an elevated temperature as compared to prior art solid freeform fabrication methods. The temperature of the object may be
increased up to the softening point. In case of employing titanium or alloyed titanium, the temperature of the metal may be as high
as 800 °C or more during the layered fabrication of the object. This feature will thus significantly reduce the time required to cool
the newly formed web before proceeding with the welding process as compared to prior art which requires temperatures below
400 °C.

[0022] By use of a reactor chamber according to the first aspect of the invention, it is observed that the air inside the chamber
may be completely flushed out by inserting argon gas in a steady easy manner at flow conditions giving laminar flow through the
gas inlets in the bottom of the chamber by inserting only the same amount of inert gas as the volume of the chamber and still
obtain an oxygen content in the inert argon atmosphere of about 20 ppm oxygen. It is thus not necessary to form an overflow
during filling argon; it is sufficient to only gently push out the air and stop filling inert gas and close the inert gas outlet at the top
of the chamber as soon as all air is pushed out. This gives an advantage in very little use of the costly inert gas. The reactor
chamber may also include a closed cooling circuit where inert gas are taken out of the chamber, passed through a heat-
exchanger to lower its temperature, and then inserted into the reactor chamber in a closed recycle loop. This feature is
advantageous to avoid overheating the reactor chamber in cases where the welding torch is operated with high powers. The

welding torch may be operated with effects of 5 - 6 kW or higher, and in such cases a sealed reactor space of 1 - 2 m3 would
rapidly be heated to high temperatures without active cooling of the gas phase inside the chamber.

[0023] The invention may apply any known or conceivable control system for operating the actuators, welding torch, and wire
feeder. The actuators may advantageously be equipped with a four axis motion control system (X, Y, X, and rotation). The
invention may apply any known or conceivable welding torch and wire feeder system able to perform layered manufacturing of
metallic objects by the technique known as plasma transferred arc solid freeform fabrication (PTA-SFFF). One example of such
equipment is shown in Figure 2, which is a facsimile of figure 1 of US 2006/0185473.

[0024] An example of a suitable method of production of objects in a weldable material by solid freeform fabrication in a reactor
according to the first aspect of the invention, is i.e. a method which comprises:

e creating a virtual three dimensional model of the object which is to be formed,

e dividing the virtual three dimensional model into a set of virtual parallel layers and then dividing each layer into a set of
virtual quasi one-dimensional pieces, forming a virtual vectorized layered model of the object,

¢ loading the vectorized layered model of the object into a welding control system able to regulate the position and activation
of a support substrate, high energy plasma transferred arc welding torch, and a wire feeding system placed in a closed
reactor vessel,

o substituting the atmosphere inside the closed reactor vessel with an inert atmosphere with a pressure of about 10% Pa and
which contains maximum 50 ppm oxygen,

¢ engaging the control system to weld a series of quasi one-dimensional pieces of the weldable material onto the supporting
substrate in a pattern according to the first layer of the virtual vectorized layered model of the object,

» forming the second layer of the object by welding a series of quasi one-dimensional pieces of the weldable material onto
the previous deposited layer in a pattern according to the second layer of the virtual vectorized layered model of the object,
and

o repeating the welding process layer by layer for each successive layer of the virtual vectorized layered model of the object
until the entire object is formed.

[0025] The term "virtual vectorized layered model of the object" as used herein means a three dimensional computerized
representation of the object which is to be formed, where the object is divided into a set of parallel layers and where each layer is
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divided into a set of quasi one-dimensional pieces. The term "quasi one-dimensional pieces" as used herein means longitudinal
rod-resembling pieces of the welding material which when laid side by side in a specific pattern according to the vectorized model
will form the object that is to be formed. The rod-resembling pieces may be bended (curved) or linear. The virtual vectorized
layered model may be transformed to a physical object by welding together pieces of a welding wire corresponding to each virtual
quasi one-dimensional piece of the virtual vectorized layered model.

[0026] The virtual model includes information of the dimensions and is given a three dimensional design which corresponds to
the three dimensional design of the physical object that is to be manufactured. The virtual vectorized layered model may then be
applied as a template for the physical construction of the object. That is, the virtual model is transformed into building instructions
executed by the control system of the solid freeform fabrication equipment such that the physical object is being manufactured
piecemeal by welding a wire onto a substrate in successive stripes, where each welded stripe corresponds to a piece of the virtual
vectorized layered model. The principle of the manufacturing process is shown in Figure 1, which show construction of a metallic
object by welding a piece onto a first layer by electron beam freeform fabrication (EBF). The invention may apply any known or
conceivable software for computer assisted design for constructing the virtual vectorized layered model.

[0027] The method may be employed with any material which is suited for solid freeform fabrication. This includes any weldable
metal or alloyed metal and polymeric materials. The method is especially suited for manufacturing objects in titanium or alloyed
titanium.

[0028] The inert gas may be any chemically inactive gas towards the weldable material being used at temperatures below the
softening temperature of the material. The inert gas may advantageously be a gas with higher density than air in order to alleviate
the substitution of the air inside the reactor chamber with the inert gas. Argon is an example of a suited inert gas, but may also
include helium, a gas mixture of Ar-He or other inert gases. The oxidation problem of i.e. titanium and alloyed titanium becomes a
problem when the inert gas contains more than 50 ppm oxygen. The oxygen level may however advantageously be lower, such as
about 20 ppm oxygen.

[0029] One standing problem of prior art plasma transferred arc solid freeform fabrication of titanium or alloyed titanium objects,
is that the metal needs to be protected against oxygen in the ambient atmosphere at temperatures above around 400 °C. This
leads to regular interruptions in the welding process to avoid overheating the parts of the formed object. By employing an
atmosphere in the welding zone with less than 50 ppm oxygen, this need for regular intervals to avoid overheating is substantially
reduced since the object may be allowed to be heated to above 400 °C. The only temperature restriction of the process when
employing an oxygen deficit atmosphere is that the temperature of the deposited metal phase must be below the softening point
of the metal. The term "softening point" as used herein means the temperature at which the material (i.e. titanium or alloyed
titanium) attains a particular degree of softening under specified conditions of test. The softening point is dependent upon which
alloy being employed, but is typically above 800 °C or higher when employing titanium or alloyed titanium.

List of figures

[0030]
Figure 1 is a facsimile of fig. 1 of [1] showing a schematic view of the principle of solid freeform fabrication.

Figure 2 is a facsimile of fig. 1 of US 2006/01854673 showing a schematic view of the principle of plasma transferred arc solid
freeform fabrication.

Figure 3 is a schematic side view of the reactor according to the invention.

Figure 4 is an expanded view of an embodiment of the clamping frames for holding two layers of flexible gas tight membrane
closing the opening in the bottom of the reactor according to the invention.

Figure 5a and 5b are different side views of another reactor according to the invention.

Example embodiment of the invention

[0031] The inventive features of the invention are schematically presented in Figure 3.
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[0032] The figure shows a reactor 1 with an internal closed compartment made by a set of wall elements 6. The wall elements 6
are positioned such that there are no sharp edges, that is, edges with walls angled at angles of 90° or less. All internal wall
angles, a, of the reactor chamber are obtuse (larger than 90°). An actuator 2 which controls the position and movement of a
support substrate 3 is located outside of the reactor chamber and protrudes through an opening 7 such that the support
substrate 3 is located inside the reactor chamber. The opening 7 is closed by an elastic gas tight membrane 8. An actuator 4
which controls the position and movement of a high energy plasma transferred arc welding torch 5 with wire feeder for feeding a
wire of the weldable material is located outside of the reactor chamber and protrudes through an opening 9 such that the high
energy plasma transferred arc welding torch 5 with wire feeder is located inside the reactor chamber. The opening 9 is closed by
an elastic gas tight membrane 10. The reactor chamber is equipped with at least one closable gas inlet 11 and at least one
closable gas outlet 12 in order to flush out oxygen containing gases in the reactor chamber and substitute this gas with inert gas.

[0033] Figure 4 shows an expanded view of a clamping frame 7 which may be employed for holding two layers of an elastic gas
tight membrane. By forming two sheets of the membrane with dimensions such that the edges enters into the space between two
of the clamping frames, the membrane may be firmly and gas tight attached to the reactor wall 6 by fastening the clamps to the
reactor walls such that they are pressed onto each other. The actuator arm 2 protruding into the chamber is poking through the
hole in the clamping ring 13. The dimensions of the rings 13 are adjusted to form a gas tight grip around the actuator arm. The
gas tight membrane is attached to the clamping rings 13 in the same manner as to the clamping frames 7. The figure also shows
an example of placement of the closable gas inlets 11.

[0034] Figure 5a and 5b show two different side views of an example embodiment of the reactor 100. The reactor 100 is made
up of a number of wall elements 106 to form a closed cabinet. The wall elements may be provided with a gas tight glass window
116 to allow visual observation of the process or with a gas tight door to allow entry into the chamber before and after formation
of the object. The embodiment is equipped with a cooling loop comprising gas outlet 102, gas inlet 103 and heat exchanger 101.
From Figure 5a it is seen that the side wall opening for one actuator is placed is closed by using a clamping frame 109 holding an
elastic rubber membrane 110 (the actuator entering through the membrane is not shown for providing clarity). From Figure 5b, it
is seen that the bottom opening is closed by using a clamping frame 107 holding an elastic rubber membrane 108 (the actuator
entering through the membrane is not shown for providing clarity).

Reference
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PATENTKRAV
1. Reaktor til fremstilling af en genstand af et svejsbart materiale ved fremstilling af en solid
fri form, hvor reaktoren omfatter:

- et reaktorkammer (1), der er lukket for den omgivende atmosfaere, hvor reaktoren er
fyldt med argon som inert gas, sdledes at reaktorkammerets atmosfare har en
oxygenkoncentration pa 50 ppm eller mindre,

- en aktuator (2) til styring af positionen og bevegelsen af et barersubstrat (3) placeret
inde 1 reaktorkammeret,

- en aktuator (4) til styring af positionen og bevagelsen af en
hejenergiplasmaoverferings- lysbuesvejsebraender (5) med en wiretilforing,

- et styresystem, der kan aflase en virtuel tredimensioneret vektoriseret lagdelt model af
den genstand, der skal dannes, og anvende den virtuelle model til at styre positionen og
bevagelsen af aktuatorerne (2, 4), driften af svejsebreenderen (5) og wiretilforingen, sdledes at
en fysisk genstand opbygges ved svejsning af en lagdelt struktur af nermest éndimensionelle
dele af det svejsbare materiale pd den barende struktur ifelge den virtuelle tredimensionerede
vektoriserede lagdelte model af genstanden, der skal dannes,

hvor:

- samtlige tilstedende veegelementer (6) af reaktorkammerets vaegge samles i en stump
vinkel (sterre end 90°),

- aktuatoren (2) streekker sig fra under reaktorkammeret og rager ind i reaktorkammeret
gennem en &bning (7) 1 reaktorkammerveggen, der holder berersubstratet (3) inde i
rcaktorkammcrct,

- &bningen (7) er teetnet med mindst én elastisk gaspermeabel membran (8), der er gasteet
forbundet med reaktorvaeggen ved dbningen (7) og til aktuatoren (2),

- aktuatoren (4) strekker sig fra ydersiden af reaktorkammeret og rager ind i
reaktorkammeret gennem en abning (9) af veggen af reaktorkammeret, der indeholder
hgjenergiplasmaoverferings-lysbuesvejsebraenderen (5) med wiretilfering af det svejsbare
materiale inde 1 reaktorkammeret,

- dbningen (9) er teetnet med den mindst ene elastiske gaspermeable membran (10), der
er gastet forbundet med reaktorvaggen ved dbningen (9) og til aktuatoren (4),

- reaktoren er udstyret med mindst én lukbar gasindgang (11) placeret i den nedre del af
reaktorkammeret og mindst én lukbar gasudgang (12) placeret 1 den ovre del af reaktorkammeret,

- hver gasindgangen (11) er udstyret med midler til at regulere argontrykket til ca. 100

Pa over det omgivende atmosferiske tryk, og
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2

- reaktoren er udstyret med midler til at male oxygenindholdet i den inerte atmosfaere
inde 1 reaktorkammeret, og midler til skylning af kammeret med frisk inert gas, hvis
oxygenkoncentrationen stiger over en forhdndsindstillet maksimal vaerdi.

2. Reaktor ifelge krav 1, hvor dbningerne (7, 9) lukkes ved anvendelse af en tolags gastaet
elastisk gummi (8, 10), der er fastgjort ved anvendelse af klemrammer (109), som er forbundet
med reaktorvaggen og klemringe forbundet med aktuatorarmen (2, 4), der rager frem gennem
abningen i reaktorkammeret.

3. Reaktor ifelge krav 1 eller 2, hvor den forhdndsindstillede maksimale vardi af
oxygenkoncentrationen er indstillet til 20 ppm.

4. Reaktor ifelge et hvilket som helst af kravene 1 - 3, hvor reaktoren er udstyret med et
lukket kelekredsleb, der omfatter en inert gasudgang (102), varmeveksler (101) og inert
gasindgang (103) til afkeling af den inerte gas 1 reaktorkammeret.

5. Reaktor ifelge et hvilket som helst af kravene 1 - 4, hvor den stumpe vinkel mellem et
hvilket som helst tilstadende vaegelement (6), der udger reaktorkammerets indre vagge, er
mellem 95 og 130°, mere fortrinsvis mellem 100 og 120°.

6. Reaktor ifelge et hvilket som helst af kravene 1 - 5, hvor det svejsbare materiale er et
svejsbart metal, et svejsbart legeret metal eller et polymermateriale.

7. Reaktor ifelge et hvilket som helst af kravene 1 - 5, hvor det svejsbare materiale er titan

eller legeret titan.
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