SYSTEM FOR HEATING TANKS OF LIQUEFIED GAS BY INDUCTION The present invention
concerns a system for the delivery of gas stored in a vessel in liquefied form, said vessel including in
its lower part a liquefied phase of said gas and in the upper part a gaseous phase of said gas, this
vessel including a means for connecting the vessel to a means for utilization as well as a means for
heating the IOW%%%T f}la'd 5 vessel. The semiconductor industry is today confronted with growing
needs for.so-ca é‘ggl R HEA TN NB S Qe pd RETEEEER b 8B YBREKSRIS fhtegrated
circuits. POFShsE AR SsECRYBS MCRICIR, HiBivaiR0f NES sivfs, BCI3van@i3MS, to
cite only 1.0 sqgme of them, liquefy at ambient temperature, and because of this fact pose difficulties in
their distr %ﬁ%‘ﬁ, THEeAifYGHeS! el diasty foltneeto ath jrestacmhastartwit fonarate thering
utilization. A Iiguefied as is composed of two phases, liquid and gaseous, in equilibrium with each 15
other. ThitPeGhHBHHPRAPRES RRASH & Giokhormiratersal liqtlsting gas bassdoretndetstnties
pressure and th%:this ressufre varies as a function of the temperature according to a relationship that
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is specificV t5 eac
trime hylgyg&e Freferred to as 3MS), which indicates the pressure of the gas in equilibrium above the
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liquid phase as a function of 20 temperature, It is found that the pressure increases as the temperature
increases, and vice versa. When the gaseous phase is withdrawn from a tank of liquefied gas, part of
the liquid must

The semiconductor industry is today confronted with growing needs for so-called specialty

gases for the various steps necessary for the fabrication of integrated circuits. Some of

these specialty gases, such as HCL, Clg, HBr, NoO, NH3, WFg, BClg, and 3M8, to cite only

10 some of them, liquefy at ambient temperature, and because of this fact pose difficulties in

their distribution. These difficulties are directly related to their pressure and/or their fiow

rate during utilization.

A liquefied gas is composed of two phases, liquid and gaseous, in equilibrium with each
15 other. This equilibrium implies that at a given temperature a liquefied gas has a well-
determined pressure and that this pressure varies as a function of the temperature
according to a relationship that is specific to each gas. Thus, Figure 1 shows an equilibrium
curve for the liquid and vapor phases of trimethytsilane (referred o as 3MS), which
indicates the pressure of the gas in equilibrium above the liquid phase as a function of

20 temperature. Itis found that the pressure increases as the température increases, and vice

versa.

When the gaseous phase is withdrawn from a tank of iquefied gas, part of the liquid must



" 7 "be converted into gas to regenerate the gas in proportion to the amount used in order to maintain
the equilibrium. The liquid thus begins to boil using the available energy (typically the energy of the

- external medium surrounding the tank). As the rate of withdrawal is increased, this energy
requirement will increase, and the liquid will boil viglently, thus 5 creating a substantial risk of
entrainment of impurity-loaded droplets in the gaséous phase. These droplets not only contaminate
the gas but also accelerate corrosion processes and cause instabilities with regard to regulation of the

flow rat&andpressdraoeasuiemeriselsithe availahl e enesgicis insuiigientia gasiyrithediguid and
thus regenerate the vapor phase, the temperature - and thus the pressure - will drop since the

equilibriomaimaist the ddfuitiaintainBo: Aquekteosalanntritausion osieg eng\s farzidh dreating malkds it
possible to limit the cooling and pressure drop observed. Several solutions are thereby conceivable.
15 One SddutivarijlustrdtedeyeFigairmédompisesiheitingHbedoal oAb dttonmatf tifevidinkraideis
controlling the heating using the pressure in the tank. Heating is allowed when the pressure is below
the pressuregsaticéhiesprardy teamisigmtemidratigasandbdiiaditsistopiieabiiviele tite, lithuis]
reaches or is at ambient temperature. By keeping the gas at a temperature slightly below ambient
temperafit@lingapossitiatial assiaitniagoaaioimpieritistebitid dreoiatstindrie gadepthehastriction
that there be no cold point along it. Such a system is described in United States Patents 5,761,911,
6,076,350 &riBorietinpat phlydssraritieske Hithgae B Rjsesaase B iaiacaTovsirnincreassathearifow rates
of liquefied

a cause instabiiities with regard fo regulation of the flow rate and pressure measurements. If

the available energy is insufficient to gasify the liquid and thus regenerate the vapor phase,

the temperature — and thus the pressure — will drop since the equilibrium must be

10 maintained.

An external contribution of energy through heating makes it possible to limit the cooling and

pressure drop observed. Several solutions are thereby conceivable.

15 One solution illustrated by Figure 1 comprises heating the foot or bottom of the tank while
controlling the heating using the pressure in the fank. Heating is allowed when the pressure
is below the pressure that corresponds to ambient temperature, and heating is stopped
when the liquid reaches or is at ambient temperature. By keeping the gas at a temperature
slightly below ambient temperature, it is possible to avoid having to fay out the distribution

20 network under the restriction that there be no cold point along it. Such a system is

described in United States Patents 5,761,811, 6,076,359, and 6,199,384,

in general the heating techniques used up to now to increase the flow rates of liquefied



" 3 ‘gases comprise heating the body of the tank using a resistive heating element of the heating belt or
heating ribbon type, or even hot air. This type of heating has the drawback that energy transfer is

. substantially limited by the thermal conduction from the heating element to the tank, which results in a
limitation of the usable flow rate despite a 5 substantial energy input. In other words, such installations
have a low energy efficiency. More generally theré’is the problem of increasing the flow rate for a gas
coming from a tank where the gas is stored in liquid form. Another technical problem arises when it is

desired dadssreantiie nressuieat thegaselyesen Ryihe tanksabouerts: ayilipsivanpigssiye 10

with respect to the liquid in the tank at ambient temperature. In both of these cases one solution that

can be emspltyedds thaicare ibeson isspateis eleranceiakpye oby JAGHEaSIRATBY RAWEEK
transferred by the heating system. In this case, it is quickly established that the heating system can

reach a taatpenatysetehaier I9GGHtherhizatingniesegy bringdransraibieBysondstan et dank
and/or to the liquid, producing an 15 increase in the temperature of the tank, at least locally, such that

impuritiesiaisorbés te taetankhicillsesulth s €0nCERotes tRdergantiearatienswinichiresalts in
the delivery of gas containing impurities such as CO, CO2, etc., which is unacceptable for the user,
partizulaslytiptand dlett ebye nicbrdutitefalordatisnctb ittt ivothentechricak fields) e FRidhels, we are
today confronted with the problem of increasing the flow rate and/or the pressure of the gas delivered
by a reservoir (tank, etc.) without producing additional impurities, which would run counter to the
intended purpose (since on the contrary the
More generally there is the problem of increasing the flow rate for a gas coming from a tank
where the gas is stored in liquid form. Another technical problem arises when it is desired
to increase the pressure of the gas delivered by the tank above its equilibrium pressure
10 with respect to the fiquid in the tank at ambient temperature. In both of these cases one
solution that can be employed is that described in the patents referenced above, by
increasing the power transferred by the heating system. In this case, it is quickly
established that the heating system can reach a temperature above 100°C, the heating

energy being transmitted by conduction to the tank and/or to the liquid, producing an

15 increase in the temperature of the tank, at least locally, such that impurities absorbed on

the tank walls, such as CO, COp, etc., underge desorption, which results in the delivery of

gas containing impurities such as CO, CO2, etc., which is unacceptable for the user,

particularly in the field of semiconductor fabrication (but also in other technical fields).

20 Thus, we are foday confronted with the problem of increasing the flow rate and/or the
pressure of the gas delivered by a reservoir (tank, etc.) without producing additional
impurities, which would run counter to the intended purpose (since on the contrary the

vaporization of the gas already makes it possible to eliminate the impurities present in the



- vaporization of the gas already makes it possible to eliminate the impurities present in the 4 liquid that
are not readily vaporizable). The system in accordance with the invention makes it possible to

. overcome these drawbacks and is characterized in that the liquefied gas and/or the shell of the vessel

are 5 electrically conductive elements and in that the means for heating comprises means for

electromagnetic induction capable of creating an a‘f‘ternating magnetic field in the shell and/or the

liquid so as to heat the shell in its lower part and/or the liquid in the vessel. The proposed invention

comprisgs fieatingatankst oblisneliadaasbinduction: it has been found that a very superior efficiency
is obtained that can reach 80 to 90% for steel, for 10 example. Induction heating makes it possible to
move away from the transfer of energy by conduction since the currents induced by the inductor
directly heat the material of the tank within its thickness. Thus, a performance is produced that is

found tohesfivedeterdiesohighes than the perermanceakashiapipgssyistan usirgarrizedimg element
of equal installed power, for example, for a liquefied gas such as C4F8, without bringing about
substantiabviSadesarpticnafarpiarited fromahihsuidaedat des\wesvet. Meesiulentibe eandal pasticular
serve to respond to two types of demands that can be generated by a user of gas stored in a vessel,
parttculashe driigig dormu@0d leéfirshitgpendf idefvetnith € andee  doeixaatiple  conprositentta gakin
gaseous form at a point of utilization at a pressure above the equilibrium pressure of the gas with the
liquid in ectamkagrehbiodusinpazais o anghtingracisteotriahe daangic dede ithimeeation
and/or the liguid so as to heat the shell in its lower part and/or the liquid in the vesset. The
proposed invention comprises heating tanks of liquefied gas by induction: it has been
found that a very superior efficiency is obtained that can reach 80 to 90% for steel, for
10 example. Induction heating makes it possible to move away from the transfer of energy by
conduction since the currents induced by the inductor directly heat the material of the tank

within its thickness. Thus, a performance is produced that is found to be five o ten times

higher than the performance of a heating system using a heating element of equal installed
power, for example, for a liquefied gas such as C4Fg, without bringing about substantial

15 desorption of impurities from the surface of the vessel.

The invention can in particular serve to respond to two types of demands that can be

generated by a user of gas stored in a vessel, particularly in liquid form.

20 The first type of demand can be, for example, to provide the gas in gaseous form at a point
of utilization at a pressure above the equilibrium pressure of the gas with the liquid in the
tank at ambient temperature (when the tank is not heated). In this case, the invention

makes it possibie to heat the tank and/or the liquid (or the gas) without causing the



- makes it possible to heat the tank and/or the liquid (or the gas) without causing the desorption of
impurities from the inner surface of the tank and without risks in terms of use safety, as the

. temperature of the vessel in the vicinity of the means for heating by electromagnetic induction remains
low and does not pose a danger for the user. Impurity desorption remains limited to the extent that the
pressure called for at the point of 5 utilization corre§ponds to a temperature of the liquefied gas in the
reservoir thatis 5 to 10C higher than the ambient temperature at most (or a temperature of 30C

typicall ' [ it ' I ' > liquid. i ory in
e vese B e e T e B O o
increase e dowdalrolprstirouiehiondl wesael oxsihationing case ipwhichsaigyesselis
not heated, but doing this without substantially increasing the temperature of the walls ot the vessel

(in genegbar¥alyerese AR drr AR WIS IEBRS RN ER O ha HESSER QT HEL A AKpifhe

desorption of impurities from said walls. 15 The invention can thus be applied to the distribution of

specialtyjigeeieshonsaside thaisanergianstdquelisd grsesdate tbe-aasgods phase. g&tﬂar&ifcular for
their packaging and purification. The invention allows the transfer time to be considerably reduced,

thuss impriadegshepredyetivsyief sheinstaliatienoiias disioss daegayenting effersdhamdvantage 20 of
avoiding the elevated surface temperatures (40-50C) that promote the desorption of light species
such as €D @migGér2Hatote produst. idhestifacs emprialureabihedanilire of 30°C typicaliy).

This heating means can be positioned at a height corresponding to the liquid inventory in

the vessel, but preferably over the entire height of the tank.

10 The second type of demand can be to increase the flow rate of gas at the outlet from the
vessel over that for the case in which said vessel is not heated, but doing this without
substantially increasing the temperature of the walls of the vessel (in general, a value iess
than 35°C for the outside temperature of the vessel) in order to avoid the desorption of
impurities from said walls.

15
The invention can thus be applied fo the distribution of specialty liquefied gases, o the
conversion of liquefied gases into the gaseous phase, in particular for their packaging and
burification. The invention aliows the transfer time to be considerably reduced, thus
improving the productivity of the installation. In addition, the invention offers the advantage

20 of avoiding the elevated surface temperatures (40~50°C) that promote the desorption of

light species such as CO and CO3 info the product. The surface temperature of the tank

generally does not exceed approximately 30°C with induction heating as described in the

presentinvention. When a transfer takes piace from a first vesse! ic a second vessael, it will



- generally does not exceed approximately 30C with induction heating as described in the present
invention. When a transfer takes place from a first vessel to a second vessel, itwill 6 preferably be

. ensured that the second vessel is cooled sufficiently that the gas in the second vessel is condensed at

least as fast as it is evaporated in the first vessel. The invention is not limited to the heating of

small-capacity tanks (50 liters or less). Itis 5 appliéable to any type of reservoir, wherein the inductor

is then adapted to the geometryof said reservoir and the generator is controlled to function with this

inductor,, The afigrpating magnetis fisld s praterahly oreatedusing ABRNRFAIPLPRCEHRY Al Re

frequency betweén 50 Hz and 4 MHz. 10 Though it is possible to use the mains frequency (50 Hz or

60 Hz) arhighdrpauencies itisn prafarabla: inomiarde imitaasisrituse saaeitedegquency
generator, that is, a generator of frequencies between 1 kHz and 100 kHz. The inductor is then made

of either Litz wire or metal ribbon, or of cooled metal tube, and for each type of material to be heated
the 15 impedance of the resonating circuit (inductor plus load plus balancing capacitances) is

matchedras ¢Hasil@s iBossiblaitedhs eharreiarstisriapadangaotyhargen@aiaers ke sdyictosis
preferably positioned around the foot of the tank or under the base of the tank when the vessel is a

tanksandagisiidas b e-ketiappelidhesesstl, areelowitheihotiorr of then vesgebd/etnd ieamesgel other
than a tank. 20

said reservoir and the generator is controlied to function with this inductor.

The alternating magnetic field is preferably created using a generator operating at a
frequency between 50 Hz and 4 MHz.

10

Though it is pessible fo use the mains frequency (50 Hz or 60 Hz) or high frequencies, itis
preferable, in order to limit costs, to use a medium-frequency generator, thatis, a generator
of frequencies between 1 kHz and 100 kHz. The inductor is then made of either Litz wire or
metal ribbon, or of cooled metal tube, and for each type of material to be heated the

15 impedance of the resonatinkg circuit (inductor pius ioad plus balancing capacitances) is
matched as closely as possible to the characteristic impedance of the generator. The
inductor is preferably positioned around the foot of the tank or under the base of the tank
when the vessel is a tank and around the bottom of the vessel or below the bottom of the
vessel when it is a vessel other than a tank.

20

The heating means preferably comprises at ieast one turn of a conductor, preferably

encircling at least 90% of the vessel.



" The heating means preferably comprises at least one turn of a conductor, preferably encircling at
least 90% of the vessel. 7 When the inductor is to be placed under the bottom of the vessel, its shape
. can be adapted to each type of vessel bottom. In general, to achieve heating at a minimal
effectiveness, the means for electromagnetic inductjon heating in accordance with the invention will
consist of at least one turn of conducting wire of ang cross section, generally 5 with a thickness of at
least 1 mm (with or without ferrites being arranged, generally with even spacing, along this turn). This

means foyletecttomagheticr industion hleatiog carerextensuiom the tiewessast oftheygssel{acan even
be situated below the vessel, with at least one turn below the vessel at a minimum when the intention

is to heasdlae texidevpasaicf tpe \@ssedsts thettom of thgaresss)|. ibhedewes partofhe vessrliean have
one or more 10 turns running solely under the vessel (for example, the base of a tank) or only from the
lower siddfpotivenesthéeesssinefemadernas gnalivethdorcticcomistiation etthedamdnyigauitieular
when the vessel is one that has bottom and side walls that form a single continuous surface, as is the
case for ifhenésseidiinFiginteoBairkstibse dueme figures: aiingeswribbahyelmss Eadtioye nerai;diigwever,
when the intent is to increase the flow rate of the gas from the vessel to the user, the means for
elecromafhetithishoessrohahtiapWilrbe frate @svidhoat fieerilesvbeipgraotigede gsekfedntvaty to the
case described above where it can be located at

even spacing, along this turn). This means for electromagnetic induction heating can

extend from the lower part of the vesse! (or can even be situated below the vessel, with at

ieast one turn below the vessel at a minimum when the intention is to heat the underpart of

the vessel} to the top of the vessel. The lower part of the vessel can have one or more

10 turns running solely under the vessel (for example, the base of a tank) or only from the
lower side portion of the vessel, when a tank is involved, or a combination of the two, in

particular when the vessel is one that has bottom and side walls that form a single

continuous surface, as is the case for the vessels in Figure 8 and subseguent figures as

described below,

15

in general, however, when the intent is to increase the flow rate of the gas from the vessel
to the user, the means for electromagnetic induction heating wili be placed solely at the
lower part of the vessel (contrary to the case described above where it can be located at
any position), preferably at a height that corresponds as much as possible to that of the
20 hiquid inthe vessel. In the case of an inductor placed around the foot of the tank, the height
of heating will typically be limited to 50 mm. In any case, the objective is fo concentrate the
heating on the fiquid phase in order to be able, for exampie, to use control of the

temperature in proportion to the pressure {as described in the patents cifed above). in



any position), preferably at a height that corresponds as much as possible to that of the 20 liquid in the
vessel. In the case of an inductor placed around the foot of the tank, the height of heating will typically
- be limited to 50 mm. In any case, the objective is to concentrate the heating on the liquid phase in
order to be able, for example, to use control of the_temperature in proportion to the pressure (as
described in the patents cited above). In 8 effect, ?anks of liquefied gas (or other vessels) are never
completely emptied by the user. It is found that if the heating height on the vessel is limited to a height

corresper@ingtthré dhipgisitadyaweighitattvedisilid sontaived dortiigatessehfbiethistacnesr dertainty
of always heating only the liquid, which is generally the goal sought when the intent is to increase the

5 flow ragerofiteigasiftomtibetvesselght generataras giref@ralibd used Hbaihnakesdppodisible tat operate
with several types of inductors according to the material and diameter of the tanks to be heated.
Taking imosattpuntibigfavdtablinedticientyinddidubioreheatitige it is possiblesttacuntod etivayseating of
10 two or more tanks simultaneously from a single generator. It is also possible to use a single
inductorftbatipgefehabiy imuidd wiakie iatdenstaliyihe gl sheghhivhdthitiee itepbistidimeregsaiise use
is planned and that is wrapped on top of itself or in a helix for tanks of smaller diameter. This solution
makes ifloessiiteabtredyae ithonibeuasset. of inductors necessary but leads to a lower efficiency.
Nevertheless, tests have shown that even in this configuration the gas flow rates are more than 5

times higher than those that can be achieved using resistive heating systems (test conducted on
C4F8 in 10-

A generator is preferably used that makes it possible to operate with several types of
inductors according to the material and diameter of the tanks fo be heated. Taking info
account the favorable efficiency of induction heating, it is possible to control the heating of

10 two or more tanks simultaneously from a single generator,

It is also possible to use a single inductor that preferably wouid make at least a turn over
the tank with the iargest diameter whose use is plannad and that is wrapped on top of itself
or in a helix for tanks of smaller diameter. This soiution makes it possible to reduce the
15 number of inductors necessary but leads to a lower efficiency. Nevertheless, tests have

shown that even in this configuration the gas flow rates are more than 5 times higher than
those that can be achieved using resistive heating systems (fest conducted on C4Fg in 10-

liter and 50-lifer tanks).

20  The tests were carried out using a haif-bridge generator of the type used in indusirial
induction baking with a Litz wire inductor (wire made of muiiiple fibers insulated from one
another and twisied). Other embodiments are possible such as an industrial type generator

(half bridge or full bridge, series or parallel circuit) — used particularly in the iron and sieel



liter and 50-liter tanks). 20 The tests were carried out using a half-bridge generator of the type used in
industrial induction baking with a Litz wire inductor (wire made of multiple fibers insulated from one

. another and twisted). Other embodiments are possible such as an industrial type generator (half
bridge or full bridge, series or parallel circuit) - used particularly in the iron and steel 9 industry or in
heat treatment - coupled to a water-cooled inductot. The efficiency is then even better. This is a
solution particularly suited to heating tanks or vessels made of aluminum. 5 In general, any type of

generatmwgb;&?ief@gm{%@ﬁguew@@e@w%@@ﬁé&%n@@mm&@rpﬂw@%ﬁ\éﬂk%i ctor

preferably made of Litz wire, a metal sheet, or a metal tube with the stipulation that thé inductor be

properlyegisnensianed igaddhe adrpistionacthaiganaratorde prangriy qantpledshtis alsegpgssivle to

use a fixed-frequency generator provided that in this case the value of the capacitance for
compensatiam@treactive energy 10 is optimized as a function of the nature of the tank to be heated; it
is also possible to use a pilotable variable-frequency generator if it is adapted to the resonance
frequency of the oscillation circuit. Each inductor can be made of Litz wire, metal strap, or cooled
metal tube (for example, a 15 hollow tube in which a cooling fluid circulates), with or without ferrite in

each case,gamerahade\otyree of gunerkiyersapathehot asechiintuciosispraierablisplacedmn the
vessel in such a way that the heating will be concentrated on the liquid phase of the liquefied gas.
employed, coupled with an inductor preferably made of Litz wire, a metal sheet, or a2 metal
tube with the stipulation that the inductor be properly dimensioned and the adaptation to
the generator be properly controlled. It is also possible to use a fixed-frequency generator
provided that in this case the value of the capacitance for compensation of reactive energy

10 is optimized as a function of the nature of the tank to be heated; itis alsc possible to use a

pilotable variable-frequency generator if it is adapted to the resonance frequency of the

oscillation circuit.

Each inductor can be made of Litz wire, metal strap, or cooled metal tube (for example, a
15 hollow tube in which a cooiing fluid circulates), with or without ferrite in each case, and
made of one or more layers in each case. The inductor is preferably placed on the vessel
in such a way that the heating will be concentrated on the liquid phase of the liquefied gas.

But the invention is also appiicabie io the case of a vessel containing a fluid that is in the
supercritical state.

20

The invention will be understood better with the help of the following exampies of

embodiments, given as nonlimiting examples, fogether with the figures, which represent

- the following:



 But the invention is also applicable to the case of a vessel containing a fluid that is in the supercritical
state. 20 The invention will be understood better with the help of the following examples of

. embodiments, given as nonlimiting examples, together with the figures, which represent the following:
10 Figure 1, a liquid-vapor equilibrium curve for trimethylsilane, 3MS; Figure 2, a first type of closed

inductor for a cylindrical tank; Figure 3, a second fbe of inductor for a cylindrical tank; Figure 4, a

third type of inductor for a tank; 5 - Figure 5, a first example of use of the invention with side heating of

the base of the-fanlc Figuje 4 8,58600d SrBmPIe MBS RmURNIR fae fggom; - Figure 7, an

example of a multi-tank embodiment; Figure 8, an example of an embodiment of the invention for gas

contained in a &0, |Axge-S3PECIDAEESEEHRIE AT RNYEHARS: & EigivegiBdiegrgsents another example of an

embodiment of the invention with a large-capacity reservoir; - Figure 10 shows the performances
obtained with the gystemsigdeightiade SithHgckd: At @xa@mpigiehagplication of the invention in the

case of withdrawal of
— Figure 4, a third type of inductor for a tank;

5 - Figure 5, a first example of use of the invention with side heating of the base of the

tank;
e Figure 6, a second example with heating through the bottom;
— Figure 7, an example of a multitank embodiment;
Figure 8, an example of an embodiment of the invention for gas contained in a
10 large-capacity reservoir of any shape;
Figure 9 represents another example of an embodiment of the invention with a
large-capacity reservoir;
— Figure 10 shows the performances obtained with the system in Figure 9;

Figure 11, an example of application of the invention in the case of withdrawal of

15 liquid into a tank;

Figure 12, gas flow rate variation curves for gas issuing from a tank for the case of

the prior art and the case of the invention.

Figure 2 represents a first type of inductor called a “standard cylinder” inducior. This
20 inductor is dimensioned in such a way that it fits the diameter of the tank. it comprises
insulating material in which a conductor 1 is wound in the form of turns 10. It is instailed by
sliding it lengthwise along the tank. The number of turns 10 is adapted to the material of

the tank, as indicated above. The set of turns 10 (connected with one another in series



15 liquid into a tank; - Figure 12, gas flow rate variation curves for gas issuing from a tank for the case
of the prior art and the case of the invention. Figure 2 represents a first type of inductor called a

. "standard cylinder" inductor. This 20 inductor is dimensioned in such a way that it fits the diameter of
the tank. It comprises insulating material in which a conductor | is wound in the form of turns 10. It is
installed by sliding it lengthwise along the tank. TRé number of turns 10 is adapted to the material of
the tank, as indicated above. The set of turns 10 (connected with one another in series 11 and/or

parallel)fogmap dnghiglionwindind hass eRdsidnek3 arespngcied:tq an. adiysiablerfrequency

alternating current generator (not shown in Figure 2). Elements made of ferrite or magnetic sheet 4

(ransfogagidya sanbentpklarAauad-aRiBaelardo ransRifpiedb Dagnaln IR inard the

interior of the inductor, and the inductor itself can 5 be made in multiple fayers. The "stan

inductoreplitiengloMAER Rablenaatiasinerdiomyst B adapteddqrashirakfiamaienanteach

material, is the one that offers the best results. Figure 3 represents a second type of inductor called a

"standargbpaeaiees ndustyndiisiclPtndurianisiplased smdeithedase M the ilicapddsiadapted to

the geometry of the tank. It consists of an insulating material containing concentric turns 10 of electric

wiresconpeciestialrilhulhle eadleThalingHuent generiorainsupHmRaeol kRS siR krRalso
adapted to the material to be heated. Elements made of ferrite or magnetic sheet 14 (transformer

must be adapted to each tank diameter and each material, is the one that offers the best

results.

Figure 3 represents a second type of inductor called a “standard pancake” inductor. This
16 inductor is placed under the base of the tank and is adapted to the geometry of the tank. it
consists of an insulating material containing concentric turns 10 of electric wire connected
at11, 12 to the alternating current generator. The number of turns is in turn also adapted to
the material {o be heated. Elements made of ferrite or magnetic sheet 14 (fransformer
type) can be installed on the interior face of the inductor to concentrate the magnetic field

15 toward the bottom of the tank, and the inductor itself can be arranged in multiple iayers.

The connection of the turns in series-parallel makes it possible to adjust the impedance of

the circuit to match that of the generator.

20 Figure 4 represents & third type of inductor called a “pancake belt” inductor. This inductor
can be wound around the foot of the tank. itis made of fiexible insulating material on which
the turns are wound and is rectanguiar in shape in the figure (but any shape that can be

wound around this tank could be considered). Itis dimensioned {L.} in such a way that it will



type) can be installed on the interior face of the inductor to concentrate the magnetic field 15 toward
the bottom of the tank, and the inductor itself can be arranged in multiple layers. The connection of

. the turns in series-parallel makes it possible to adjust the impedance of the circuit to match that of the
generator. 20 Figure 4 represents a third type of inductor called a "pancake belt" inductor. This
inductor can be wound around the foot of the tank 3t is made of flexible insulating material on which
the turns are wound and is rectangular in shape in the figure (but any shape that can be wound

around thi S is dimensj | that it \wi at least
oo T BT e o e e B e T e e T tne
tank (which, gsRerally ispusated yakticali, E@H@Ql@ ¥ smalley 9@9&%‘@?%?%?& HQngupon
itself or wound in a helix around the foot of the tank.lts number of turns 20 depends on the material to

be heated Flemants 24 madsahterisrrsmasnetimshaeling i ansiamae g )sanhe dpstalled

around the inductor to concentrate the magnetic field toward the interior of the inductor, and the

inductor ifsglfeABMErEOPSEUSIENIE SAUIHBIRAXAES 14 KEFeRt & VOllags gepg i ds eRReted to the

ends 21 and 22 of the conductor 20. This solution - (called a "pancake belt inductor”) - although it

does notpiRvidgtBrResaneinSifensy: T Ao RethelentRmPA(sHifidaRL R ReEBHEHrate
applications, the flow rates of gas issued from a tank containing liquefied gas being 5 to 10 times

higher thiae thasgnehtainad usingrgadidionalnatingrrystaiedrigur e saibes fisslvasiameof the
implementation of the heating of a tank of liquefied

constructed in mulfipie layers. A current or voltage generator is connected to the ends 21

and 22 of the conductor 20. This solution — (called a “pancake belt inductor”) — although

it does not provide the best enargy efficiency, is nonetheless amply sufficient in numerous

16 applications, the flow rates of gas issued from a tank containing liquefied gas being 5t0 10

times higher than those obtained using traditional heating systems.

Figure 5 describes a first variant of the implementation of the heating of a tank of liquefied
gas in accordance with the invention.
15
The tank 56 contains in its iower part a liguid 57 10 be vaporized and above the liquid 57 a
gaseous phase 58 of this same quuid, the gas being conducted to the utilization equipment
61 through the intermediacy of the valve §9 and the line 60. Connecied tothe line 80 isa
means 51 for measurement of the pressure of the gas coming from the tank 56. This
20  pressure means is connected (electrically, for example) via the dashed line 52 to the
generator 53, {o initiate the operation of the generator when the measured pressurs is
befow a certain setpoint vaiue and stop the generator when the measured pressure is

above the setpoint value. When the generator 53 is started, this causes an alternating



- gas in accordance with the invention. 15 The tank 56 contains in its lower part a liquid 57 to be
vaporized and above the liquid 57 a gaseous phase 58 of this same liquid, the gas being conducted to
~ the utilization equipment 61 through the intermediacy of the valve 59 and the line 60. Connected to
the line 60 is a means 51 for measurement of the pressure of the gas coming from the tank 56. This
20 pressure means is connected (electrically, for é%ample) via the dashed line 52 to the generator 53,
to initiate the operation of the generator when the measured pressure is below a certain setpoint value

and stop the erator n the. me ressure is above thes oint.value, When the generator
53is starltlec? I%ﬁlg 8&8%‘ I zIt eerlﬂa n %ggurren Iéi?%ul? UNLEL ‘%IcII]ctI%LIét% %a%r(ﬁve?l%ed for

I 2 I | tign [in h t tank 56
(andior SRR 5’%30“%‘% I R C TR T B AR B e ROV P DEH the
k heated | f h I id in the tan the di .
e S TR 'I‘Pa’vﬁéﬁsﬁ#ﬁ%% AR e
if ft li th f th t le 63
uni orml ¥ REQ%%“ %gg |g on (I)F%COSII‘FL)J ”[])t%%r{e Sﬁ(é I I‘Igl?j |n e and III)t rstca X s

placed under e ta eet er genera Ween e sca?e the

she%t pogém'ye%e ing ga%m%%&x the Hte;.%msgr?étﬁe%%wgmmm % %%%‘ﬁ I¢ field on the

uniformity of heating of the liquid}. To monitor the progress of the inventory in the tank, a
scale 63 is placed under the tank 56 with a sheet (of copper generally) 62 between the tank
and the scale, the sheet possibly being grounded by the line 84, so as 1o avoid influence by
the magnetic field on the scale.

10
Figure 6 represents a variant of Figure 5 that operates in the same manner, the inductor of

Figure 2 or 4 being replaced by an inductor, for example, of the type described in Figure 3

placed under the tank 56.

15 Figure 7 repfesents a multi-tank system wherein each tank is equipped with a system in
accordance with the invention {either variant from Figure 5 or 8, with a single means for
pressure measurement per group of tanks); the systems for distribution of liquefied gas in
the semiconductor industry frequently use two (or more) tanks, which are used in an
alternating manner when the pressure of one of them falls below a certain threshold. The

20 control means then coordinates switching from one tank to another so as not to interrupt
distribution of the gas. The multi-tank set of Figure 7 includes n tanks 78a, 76b, 76¢, ...
(see ieft part of the figure) connected via the valves 79a, 78b, 79¢, ... and the jine 70 fo the

equipment 100 and n other identical tanks 86a, 86b, 86c¢, ... (see right part of the figure) to



- Figure 6 represents a variant of Figure 5 that operates in the same manner, the inductor of Figure 2 or
4 being replaced by an inductor, for example, of the type described in Figure 3 placed under the tank

~ 56. 15 Figure 7 represents a multi-tank system wherein each tank is equipped with a system in
accordance with the invention (either variant from Figure 5 or 6, with a single means for pressure

measurement per group of tanks); the systems for gistribution of liquefied gas in the semiconductor

industry frequently use two (or more) tanks, which are used in an alternating manner when the

pressure of one of them falls below a certain threshold. The 20 cgntrol means then cogrdinate

switchind fr6h GHEIEMICto'AFRRIRIZ SR WRSTHEE RIRSRITE disibht S B1RE gRs e EIRIAITMASR set of

Figure 7 includes n tanks 76a, 76b, 76c¢, ... (see left part of the fijgure) connected via the valves 79a,
A et b S SV O A e e R

, . ... (see

right part of the figure) to 14 which "switchijng" tak I hen th Ip.tank Il I
;redeterﬁiﬁwtéaﬁﬁgm&%é&% rﬁé\gﬁﬁgjv %ﬁgﬁ%y n?o\ﬁg"\g?rj% r?) Qﬁgntgrgg %R?v :no'zlr\llea

tank is empty. The tanks 86 are respectively connected via the valves 89a, 89b, and 89c and the line
80 to thetggtljyi'b?n%%ttﬁé ?@‘%‘HB'B?@&%&% measurement means 71 and 81 measure the pressure of the
gas, respectively, in the zones 70 and 80 and a signal (electrical) is sent via 72 and 82, respectively,

to the generator 73, which sends an alternating electrical signal via the lines

The pressure measurement means 71 and 81 measure the pressure of the gas,
respectively, in the zones 70 and 80 and a signal (electrical) is sent via 72 and 82,
respectively, to the generator 73, which sends an alternating electricatl signal via the lines
74a, T4bh, T4c, ... for one part and B4a, 84b, B4c, ... to the inductors, respectively, 75a,
10 75h, 75¢, and 85a, 85b, 85¢, ... for induction heating of the liquid 77a, 77b, 77¢, ... and
B7a, 87b, B7¢, ... so as to produce the gas 78a, 78b, 78c, ... and 88a, 88b, 88c, ...
respectively, when thatis necessary. A sheet 101, 201 is also placed between the base of

the tanks and the scale 102, 202 with grounding 103, 203.

15 The generator 73 can, with the use of a pressure sensor 71, 81 for n tanks, manage the
heating of the necessary ninductors 75, 85 in series, in parallel, and/or in sequential mode.
When the pressure of the ntanks {on the one side) falls below a predefined threshold, the
automation switches over fo the n tanks on the other side, which thereby ensures
continued distribution. The tanks that have been switched out continue to be heated unti

20 their pressure rises to the pressure corresponding to the ambient temperature so they can
take up the relay if necessary. The induction heating system in accordance with the
invention makes it possible to rapidly return to the gas pressure corresponding to the

ambient temperature, in comparison to heating systems by conduction from the prior art.



- T4a, 74b, 74c, ... for one part and 84a, 84b, 84c, ... to the inductors, respectively, 75a, 10 75b, 75c,
and 85a, 85b, 85c, ... for induction heating of the liquid 77a, 77b, 77c, ... and 87a, 87b, 87c, ... so as

~ to produce the gas 78a, 78b, 78c, ... and 88a, 88b, 88c, ... respectively, when that is necessary. A
sheet 101, 201 is also placed between the base of the tanks and the scale 102, 202 with grounding
103, 203. 15 The generator 73 can, with the use of & pressure sensor 71, 81 for n tanks, manage the
heating of the necessary n inductors 75, 85 in series, in parallel, and/or in sequential mode. When the
pressure of the n tanks (on the one side) falls below a predefined threshold, the automation switches
over to the n tanks on the other side, which thereby ensures continued distribution. The tanks that

have been switch % tinye to b ated until 20 their, pressure rises.to 'E:gee pressur
correspfﬁgﬁl\%%(?h %gr%@%ln'{' euﬁ%}ér(il%%{bet#%%ﬁﬂ gl% ﬂsfa lfhelgéjliéegfisfsr?@ és% @dﬁ%%%uction
heating $ystgm in accordance with the invention makes it possible to rapidly return to the gas
pressure corresponding to the ambient temperature, in comparison to heating systems by conduction

from the prior art. 15 Figure 7 depicts the inductor of Figure 2. The inductors in Figures 3 and 4 could
also be used. 5 To ensure the distribution of a liquefied gas at very high flow rates, reservoirs more

voluminos Wy tertraditionsl faRks e RRmetNgs sisady %ﬂgﬁ“ﬁéwa%@se%%mﬁgtm%he

invention with this type of reservoir is represented in Figure 8. The typical capacity of such reservoirs
is approxigataitROtEer oIR8 Hitanks are sometimes used. An example of an embodiment

of the invention with this type of reservoir is represented in Figure 8. The typical capacity of

such reservoirs is approximately 450 liters to 1,000 liters.

16 In Figure 8 a reservoir 300 containing a liquid 302 and a gas 301 is supported, via
intervening feet 313, 314,‘ by a scaie 304. The heating inductor 303 is positioned beiow and
right up against the reservoir (see cross section A — A). Itis electrically connected by the
line 305 to the generator 308, which receives a control signal via the iine 307 from the
pressure sensor 308. This is connected via 309 to the gas line 310 coming from the

15 reservoir 300 and via the line 311 to the equipment 312. The operation is identical to that
described previously. The inductor (made of one or more elements connected in series

and/or parallel) has the proper shape to conform to the lower part of the reservoir 300, over

a more or less substantial length (in both directions}.

26 Figure 9 represents another exampie of an embodiment of the invention applied to large-
capacity reservoirs, also known as a “Ton-Tank” {a reservoir generally oriented
horizontally). Multiple inductors branched in parallel 404 are used in Figure 9 to distribute

the heating power over the reservoir 401. Each inductor 404 has ferrites 405 that make it



10 In Figure 8 a reservoir 300 containing a liquid 302 and a gas 301 is supported, via intervening feet
313, 314, by a scale 304. The heating inductor 303 is positioned below and right up against the
reservoir (see cross section A - A). It is electrically connected by the line 305 to the generator 306,

" which receives a control signal via the line 307 from the pressure sensor 308. This is connected via
309 to the gas line 310 coming from the 15 reservoly 300 and via the line 311 to the equipment 312.
The operation is identical to that described previously. The inductor (made of one or more elements
connected in series and/or parallel) has the proper shape to conform to the lower part of the reservoir
300, oveROBSRETECOFIBES SIS AN AT RAMRHAITEbEN difERiSYS) 1o ¢ittiea o/ rdpre sesrsvaiathar
example of an embodiment of the invention applied to large- capacity reservoirs, also known as a
"Ton-Taffketeare3ERAIR Hohardl s Sveneeier of ZompyL vmintipr 41d Ue/irsasramERasHie S&RARS| 404
are used in Figure 9 to distribute the heating power over the reservoir 401. Each inductor 404 has
ferrites 43Bthat PrRI@IE 16 PHREIHI418 . candentfiaRishaHE e el daratairsrs tRecefliciBAcy. The
reservoir 401 rests on a scale 403 and is connected to a distribution line 411 that has a pressure
sensor 4DBNEAKRR8IIE REGeRe M abY dAtPAIRIRFREEAN F Igwe hdlReyraradedialieddalyy Bincake
belt" type used flat and are represented in Figure 4. They are installed below the 5 bottom of the
resefvoirdBiP BedlvEEn iR INSE AR BEBIRRNSRFTESR MDD Rittreid aierernbaAls »ib fhs P around

the reservoir. The s¥stem of Figure 9 was tested with ammonia NH3 in liquefied form. The process of
bands 406 that pass around the reservoir.

The system of Figure 9 was tested with ammonia NH3 in liquefied form. The process of

fabrication of liquid crystal flat panels (LCD screens), known also as TFT (“thin film

10 transistor”) screens, employs high-purity gaseous ammonia (NH3). Flow rates on the order
of 500 to 1,000 L/min are necessary for these fabrications. NH3 is a liquefied gas with a
low standard density but with a very high heat of vaporization (approximately 1200 kd - kg

1). For this reason it is particularly difficutt to distribute at such flow rates since the

necessary heating power becomes very high.

15
The process in accordance with the invention, by virtue of its excellent energy efficiency,
makes it possible to limit the instalied heating power. Tests performed on a 450-L reservoir
showed that a nominal power on the order of 8 kW sufficed to obtain a flow rate of 500 sim
while maintaining the pressure in the reservoir. A theorefical calculation makes it possible

20 to show that at ambient temperature (20°C), a power of approximately 7 kW is necessary

to vaporize 500 L/min of NHa, this without inciuding the smaller thermal losses. Power



fabrication of liquid crystal flat panels (LCD screens), known also as TFT ("thin film 10 transistor")
screens, employs high-purity gaseous ammonia (NH3). Flow rates on the order of 500 to 1,000 L/min
~are necessary for these fabrications. NH3 is a liquefied gas with a low standard density but with a very
high heat of vaporization (approximately 1200 kJ . kg 1). For this reason it is particularly difficult to
distribute at such flow rates since the necessary h&ating power becomes very high. 15 The process in
accordance with the invention, by virtue of its excellent energy efficiency, makes it possible to limit the

installed heati . t d 50-L ir shawed that a hominal power on the
ordor of BT EERRBLF 5 oS R ot o BB WRTSTAAR G i HEREE YL Roservor.

A theoretical calculati It. ible 20 that at ambient t t 20C), f
o xRN RUF o LS 1 50 GO S0 L I PN TGN PG5 18 St
th I P 7 ts at th tlet of the inducti tor i ts,indicated
values of GRS AN AL A0 AL L Gay B P e SR Gk BRIy e y
(e vessRARIIN S RARMY SR P HILRIIS GNP ATUN AR VERHERG 400 Yol dnduction

. § a2
heatlng made It poss a much shorter response time was o%%glnecfaccord}!né to the

inveation 853 Han Half ANHE eSRREESSAY {RRIRRES 2RO, K ATmonia containgd.in 3:450-L

reservoir from 10C to 22@ompared to severa%/}murs required with tradltlonaﬁeastlve eating.
kg ammonia contained in a 450-L reservoir from 10°C to 22°C, compared to several hours

required with tradifional resistive heating.

The performance obtained with a 450-L reservoir of NH3 for a flow rate of 500 L/min is
16 summarized in Figure 10. Curve A{ represents the pressure of the gas (in absolute value)

. 5 . . . .
expressed in 10~ pascal as a function of time expressed in minutes. Curve Ao represents

the flow rate of the gas in L/min (converted, like all the measurements of flow rate in the
present application, to the value at standard conditions of temperature and pressure, that
is, to "standard liters per minute” or sim — according to the U.S./British designation) as a
15 function of ime, Heating of the vessel is stopped at time T in Figure 10 (approximately 18

minutes after the start of the withdrawal}. The pressure of {he gas, which was maintained

constant between 7 and 7.5 x 105 Pa despite gas withdrawal, declined when heating was

stopped (T), curve A4. On the other hand, the flow rate of the liquid was maintained a good

10 minutes after cessation of the heating, with the ammonia benefiting from the energy

20 previously stored during the heating.

The invention applies preferably to liquefied gases, but also 1o vessels containing only a



The performance obtained with a 450-L reservoir of NH3 for a flow rate of 500 L/min is 10
summarized in Figure 10. Curve Al represents the pressure of the gas (in absolute value) expressed
in 105 pascal as a function of time expressed in minutes. Curve A2 represents the flow rate of the gas
~in L/min (converted, like all the measurements of flow rate in the present application, to the value at
standard conditions of temperature and pressure, t{iat is, to "standard liters per minute” or slm -
according to the U.S./British designation) as a 15 function of time. Heating of the vessel is stopped at
time T in Figure 10 (approximately 19 minutes after the start of the withdrawal). The pressure of the
gas, whigASRASTRAIARSIRE PO AstHRPHINIREPTSRdY B1% 3881 PYREShitE TR GRRGFAWAR ddRiined
when heating was stopped (T), curve Al. On the other hand, the flow rate of the liquid was maintained
agood $0-nathedezafieltyessatonabibly BEatiNg Owit-the Hritniatbendiiang fdhe preedirgy 20
previously stored during the heating. The invention applies preferably to liquefied gases, but also to

vessels containing only a seous phase or only a _supercritical ph [ e |t
anplies F e e e e Rty BB R R R P St 1 e
production of semiconductors (particularly the precursors) as well as gases of the 002 type (gaseous
and/or liqng/antroidsapaieriicasr oitisrhsrrnaidyfpeadpen®om e VAdidEnt Yasus 555 §ases
used in welding). Comparative Example: The example below was carried out on tanks of identical
volufne (109E5 HFLGHIANAISHT)-

Comparative Example:

The example below was carried out on tanks of identical volume (10 L), all containing
CyFsg.
16 Two types of heating are compared:
— heating of the foot of the tank using a 1-kW resistive belt composed of high power
density elements linked to one another,
— heating by induction with a generator capable of delivering a power of approximately
900 W~1 kW.
15

For reference, a test was aiso carried out without heating. Figure 12 shows the flow rates

of gaseous C4Fg withdrawn in each case:
— curve C4 corresponds to heating with the resistive belt,
— curve Cp corresponds to heating by induction in accordance with the invention,

20 — curve Cjs corresponds to the absence of heating.



C4F8. 10 Two types of heating are compared: - heating of the foot of the tank using a 1-kW resistive
belt composed of high power density elements linked to one another, - heating by induction with a
_generator capable of delivering a power of approximately 900 W-1 kW. 15 For reference, a test was
also carried out without heating. Figure 12 shows the flow rates of gaseous C4F8 withdrawn in each
case: - curve C1 corresponds to heating with the rgsistive belt, - curve C2 corresponds to heating by
induction in accordance with the invention, 20 - curve C3 corresponds to the absence of heating. 19
The curves in Figure 12 clearly show the benefit of the invention (curve C2) in relation to the use of a
resistive 1d18cHE/BE ThB\dHE thé dafey fPmarp ORBETTBE ewretaiubtairee Greivnataddrder of 5
times higher (20 L/min compared to 4 L/min). By comparison, the flow rate in accordance with the

inventionHg tes imesckighes snasrip bag pasmwhrre Aedaatingapseiibe tankiakesBlassaliig) various

applications of the invention: A first application for which the heating of liquefied gas reservoirs in

accordanee gritthéherdaveriomsanigiier e eahaidveniags il thetdigtibytnerthesediguriiadwases at
avery
rate in accordance with the invention is ten times higher than in the case where no heating

5 of the tank takes place.

The various applications of the invention:

A first application for which the heating of liquefied gas resarvoirs in accordance with the

invention can offer a real advantage is the distribution of these liquefied gases at a very

10 high flow rate.

in a first case the invention can be applied using the pressure of the tank to monitor the
heating. The liquid—vapor equilibrium curve of the liquefied gas makes it possible to know
at any time the value of the temperature of the liquid in the interior of the reservoir, It is
15 thus possibie to heat the reservoir just the amount necessary to maintain the pressure such
that ambient temperature is not exceeded. Provided that there is no coider point along the
distribution lines downstream, this makes it possibie to avoid the heating of said distribution

lines as the risk of recondensation of the gas in the distribution line is then avoided.

20 In a second case, it is possible to apply the invention to keep the temperature of the
reservoir constant. Heating of the distribution lines downstream then becomes
indispensable when the temperature to be maintained at the reservoir is higher than the

ambient temperature along the distribution lines.



10 high flow rate. In a first case the invention can be applied using the pressure of the tank to monitor
the heating. The liquid-vapor equilibrium curve of the liquefied gas makes it possible to know at any
. time the value of the temperature of the liquid in the interior of the reservoir. It is 15 thus possible to
heat the reservoir just the amount necessary to maintain the pressure such that ambient temperature
is not exceeded. Provided that there is no colder ppint along the distribution lines downstream, this
makes it possible to avoid the heating of said distribution lines as the risk of recondensation of the gas
in the distribution line is then avoided. 20 In a second case, it is possible to apply the invention to keep
the temperature of the reservoir constant. Heating of the distribution lines downstream then becomes

indi ble when the t t intained at. th ir is_higher than, th bient
temporat 12 DG L SSBAHBTAL. S0P TH B L CBSR BRI 0 E paeaging B fauetec
gases by E?reansfet in trg)e‘.%/a eous cPhase: theS a(?ility ligav%/jathgl{%vlv a gaseous §Ig[%§g gt higeh r\]}l{g)lyvorfs\tes
from a ré8&Hoir 0 I%u‘é ed)gwa% ke iPossibie 10 package His fl)que?ﬁe gasin othar packages.

The flow a ales chianed dugugh e e ol eating o Ascordanca s kyanion majer possioe

ase the productivity of'such ations, insotar as the c capacity for the

packages,] ' i ' IS: i i [ ting.
AR I L s Bl
to appreciably increase the productivity of such installations, insofar as the cooling capacity

for the packages intended to receive the liquefied gas is at least equivalent to that of the

induction heating.

10 This type of transfer in the gaseous phase offers the advantage of purifying the liquefied
gas since it amounts to the execution of a single-stage distiltation. In addition, induction
makes it possible to limit the temperature of the .surface of the parent reservoir, thus
avoiding desorption from the walis of the reservoir of volatile species that could
contaminate the liquefied gas.

15
Another application of the invention comprises withdrawing the gas in its liquid form into a
tank: the gas can be pushed in liquefied form through a dip tube using ifs own vapor
pressure rather than using a carrier gas such as nifrogen, for example, which runs the risk
of dissolution in the liguefied gas. In this case one proceeds, for example, as described in

20  Figure 11: in this figure the tank 500 rests on the scale 501 (in order to monitor its weight,
and thus its emptying). At the foot of the tank there is arranged an inductive ribbon 502 as
described above with its associated generator that heats the liquid 508, which vaporizes

into 508 the pressure of the gas in 509 increases in such a way that the liquid 508 can rise



- gas since it amounts to the execution of a single-stage distillation. In addition, induction makes it
possible to limit the temperature of the surface of the parent reservoir, thus avoiding desorption from

. the walls of the reservoir of volatile species that could contaminate the liquefied gas. 15 Another
application of the invention comprises withdrawing the gas in its liquid form into a tank: the gas can be
pushed in liquefied form through a dip tube using its own vapor pressure rather than using a carrier
gas such as nitrogen, for example, which runs the risk of dissolution in the liquefied gas. In this case
one proceeds, for example, as described in 20 Figure 11: in this figure the tank 500 rests on the scale
501 (in QRGP PiSRTOR s T R L R RO ) AR I TR SRR IRERR& A ged an
inductive ribbon 502 as described aboye with its assqciated generator that heats the liquid 508, which
vaporize¥ i 8BYREHr &8 (Hﬁﬂ?é'@%sfc?ﬁ”%y%‘?@&g@s%g BIRSPUT R &G IR PRe ROBidSsB8Lan rise
21 in the dip tube 504, pass through the valve 505, and be distributed through the piping 510 to the
equipmeﬂ%@f%qﬁﬂgﬁeﬁé}rﬁ?’.w HierihG BeprassatePéyulation 506 is also provided on line 510,
controlling the heating of 502. 5 22 CLAIMS 1. System for delivering gas stored in a vessel,
particularly in liquefied form, said

5



vessel having in its lower part a liquefied phase of said gas and in its upper part a gaseous phase of
said gas, this vessel including a means for connecting a means for utilization as well as a means for
“heating, characterized in that the liquefied gas and#r the shell of the vessel are electrically conductive
elements and in that said means for heating comprises an electromagnetic induction means capable
of creating an alternating magnetic field in the shell and/or the liquid so as to heat the shelf and/or the
liquid in feARSSel, said electromagnetic induction means being selected from the group consisting of
"standard cylinder" inductor, "standard pancake" inductor and/or a pancake belt inductor, each of said

inductors additionally comprising ferrite or magnetic sheet to concentrate the magnetic field toward
the interior of thEY¥siRASer fedyeting gracieradricewrstahinaticHarkdrigeafisdfarmeaitmating

magnetic field i5uoguesHisingIGRREFHRT-ORAIBHBE ShadEesuang L ohiRi RS TIeqspaP 47 and 4

MHz. 3. System in accordance with Claim 1 or 2, characterized in that the vessel is placed on a scale
to monitor the lig@seievenheseirf aaidyaasninis yessalNRIEGNg THRATS i seRISHEE MMRANS sheet

of electrical condueiariBlagedRiMesMS I HOARY! HiRrcalste PIReEH e f§akHEPERs

magnetic field disturbances. 5. System in accordance with one of the preceding claims, characterized
in that the 23 and/or the shell of the vesse! are electrically conductive elements and in that said

means for heating comprises an electromagnetic induction means capable of
creating an alternating magnetic field in the shell and/or the liquid so as to heat the
shelf and/or the liquid in the vessel, said electromagnetic induction means being
selected from the group consisting of “standard cylinder” inductor, “standard
pancake” inductor and/or a pancake belt inductor, each of said inductors

- additionally comprising ferrite or magnetic sheet to concentrate the magnetic field

toward the interior of the inductor.

2. System in accordance with Claim 1, characterized in that the alternating magnetic
field is produced using a generator operating at a frequency that is between 50 Hz
and 4 MHz.

3. System in accordance with Claim 1 or 2, characterized in that the vessel is placed

on a scale to monitor the liquid level therein.

4 System in accordance with Claim 3, characterized in that a sheet of electrical

conductor is placed between the inductor and the scale to protect the scale from

- magnetic field disturbances.

5. System in accordance with one of the preceding claims, characterized in that the



electric generator that produces the alternating magnetic field supplies several inductors. 6. System in
accordance with one of Claims | through 5, characterized in that the 5 heating means comprises at
least one turn of a conductor, preferably encircling at least 90% of the vessel. 7. System in
accordance with Claim 6, characterized in that each turn is at least 1 mm in thickness. 10 8. System in
accordance with one of Claims 1 through 7, charagterized in that the vessel is a tank, generally
oriented vertically. 9. System in accordance with one of Claims 1 through 7, characterized in that the

15 lis of th lly horizontally oriented "Ton-Tank" type. 10. Utilization of the system i
aceordance Wil SHLORCIAIRE T IBUEIFO EobroVE e GRS A RAHE P UM BeURPAES BFASCare above

the equilibrium.iR(r]eus&gl[e of the gas with the liquid in the tank at ambient temperature. 20 11. Utilization
of the system in accordance with one of Claims 1 through 9 to increase the flow rate of the gas
without substantially increasing the temperature of the walls of the vessel. 24 ABSTRACT

B. System in accordance with one of Claims 1 through 5, characterized in that the

5 heating means comprises at least one turn of a conductor, preferably encircling at

least 80% of the vessel.

7. System in accordance with Claim 6, characterized in that each tum is at least 1 mm

in thickness.
10

8. System in accordance with one of Claims 1 through 7, characterized in that the
vessel is a {ank, generally oriented vertically.

9. System in accordance with one of Claims 1 through 7, characterized in that the

15 vessel is of the generally horizontally oriented "Ton-Tank” type.

10.  Utilization of the system in accordance with one of Claims 1 through 8 to provide a
gas 1o a point of utilization at a pressure above the equilibrium pressure of the gas
with the liquid in the tank at ambient temperature.

20

11.  Ulilization of the sysiem in accordance with one of Claims 1 through 9 to increase

the fiow rate of the gas without substantially increasing the temperature of the walls

of the vessel.



SYSTEM FOR HEATING TANKS OF LIQUEFIED GAS BY INDUCTION The invention relates to a
system for delivering gas stored in a vessel in liquefied form, said vessel having in its lower part a
liguefied phase of said gas and in the upper part a,gaseous phase of said gas, which vessel includes
a means for connecting to a means for utilization as well as a means for heating the lower part of said
vessel. In accordance with the invention, the liquefied gas and/or the shell of the vessel are
electrically conductive elements and the meABSIOR A€Aing comprises magnetic induction means
capable of producing an alternating magnetic field in the shell and/or the liquid so as to heat the shell

in its lower pagtyaTEM he RGEEATING/E2esKalDFId GiEFIEReGastBY ¥Ry the said
means. FIGURE 7

The invention relates to a system for delivering gas stored in a vessel in liquefied form,
said vessel having in its lower part a liquefied phase of said gas and in the upper part 2
gaseous phase of said gas, which vessel includes a means for connecting to 2 means for
utilization as well as a means for heating the lower part of said vessel. In accordance
with the invention, the liquefied gas and/or the shell of the vessel are electrically
conductive elements and the means for heating comprises magnetic induction means
capable of producing an alternating magnetic field in the shell and/or the liquid so as to
heat the shell in its lower part and/or the liquid in the vessel, all while limiting the heating
of the gas by the said means.

FIGURE7



