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(57) ABSTRACT 

A process for the conversion of hydrocarbons that are solid 
or have a high boiling temperature and may be laden With 
metals, sulfur or sediments, into liquids (gasolines, gas oil, 
fuels) With the help of a jet of gas properly superheated 
betWeen 600 and 800° C. The process comprises preheating 
a feed 5 in a heater 8 to a temperature beloW the selected 

temperature of a reactor 10. This feed is injected by injectors 
4 into the empty reactor 10 (i.e., Without catalyst.) The feed 
is treated With a jet of gas or superheated steam from 
superheater 2 to activate the feed. The activated products in 
the feed are alloWed to stabilize at the selected temperature 
and at a selected pressure in the reactor and are then run 

through a series of extractors 13 to separate heavy and light 
hydrocarbons and to demetalliZe the feed. Useful products 
appearing in the form of Water/hydrocarbon emulsions are 
generally demulsi?ed in emulsion breaker 16 to form Water 
laden With different impurities. The light phase containing 
the ?nal hydrocarbons is heated in heater 98 and is separated 
into cuts of conventional products, according to the demand 
for re?ning by an extractor 18 similar to 13. 
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DEEP CONVERSION COMBINING THE 
DEMETALLIZATION AND THE CONVERSION OF 

CRUDES, RESIDUES OR HEAVY OILS INTO 
LIGHT LIQUIDS WITH PURE OR IMPURE 

OXYGENATED COMPOUNDS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/428,212, ?led May 2, 2003 
(Allowed), Which is a continuation of US. patent applica 
tion Ser. No. 09/405,934, ?led Sep. 27, 1999 (Abandoned), 
Which claims foreign priority bene?ts under 35 U.S.C. § 
119(a)-(d) for French Patent Application No. 9812983, ?led 
Oct. 16, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the con 
version of hydrocarbons and more particularly to converting 
heavy hydrocarbons laden With impurities into light hydro 
carbons that can be separated into cuts of conventional 
products. 

[0004] 2. Description of Related Art 

[0005] It is Widely knoWn that all re?ning processes leave 
heavy residues that are poorly fusible or solid, Which ?nd 
feW users and feW outlets. It is also Widely knoWn that oil 
Wells often encounter deposits containing crudes that are 
characteriZed by a very high density and a very high 
viscosity, thus dif?cult to transport as such. These crudes are 
also characteriZed by a strong metal content such as Nickel 
and Vanadium, sediments and sludge, sulfur, salt, to mention 
only the main impurities, Which constitute poisons for any 
type of catalyst. Furthermore, regardless of What is done, it 
is impossible to completely avoid the deposits of these 
components on everything that comes into contact With 
these crudes. Thus it is understood that if any catalyst is 
used, all of its surface and all its pores Will be quickly 
covered and the catalyst Will be totally dead: then it Would 
only occupy space in the reactor, even risking plugging it if 
grains are accumulated in the catalyst by the cement con 
stituted by the sediments, nickel, vanadium, asphalts, carbon 
produced, etc. 

[0006] We knoW processes such as the FCC, Which 
attempt to adjust to carbon deposits by burning them in a 
regenerator, but this requires a complex circulation of the 
catalyst betWeen the reactor and the regenerator. Further 
more, the circulation of said catalyst creates delicate prob 
lems of erosion, through both the actual Wear of the matter 
itself, Which is sometimes perforated, and that of the catalyst 
Which, once Worn, produces dangerous dusts for any human 
being that no ?lter, no matter hoW large and advanced, Will 
be able to stop. FolloWing all the constraints encountered 
and compromises to be made, this type of unit can only treat 
distillates under vacuum (DsV), that is by eliminating from 
the feed the residues under vacuum (RsV) in Which the 
metals, sediments, etc. are concentrated. Furthermore, the 
regenerator that burns the coke formed imposes a minimum 
temperature of the order of 700° C. so that the combustion 
may occur. The catalyst exiting the regenerator, sent into the 
reactor at this excessive temp re, leads to an abundant 
production of gaseous products, as Well as highly aromatic 
heavy products that lost a signi?cant quantity of hydrogen 
during the ?rst contact With the catalyst that Was too hot. 
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Furthermore, it is impossible to change the spectrum of 
distribution of liquid conversion products Which, moreover, 
are accompanied by a signi?cant quantity of gas C1 C2 and 
LPG C3, C4. 

[0007] The FCC only rearranges the distribution of the 
carbon and hydrogen in the molecules: it samples hydrogen 
in the high molecular Weight molecules (high boiling tem 
perature) to create light molecules, but the C4, C3, C2 and, 
in particular, C1 (CH4) take a large portion of the hydrogen. 
There is even a discharge of pure hydrogen. As a result, the 
heavy cuts knoWs as HCO are poor in hydrogen and cannot 
be recycled for a neW conversion. Therefore, the conserva 
tion during the conversion of a good Hydrogen/Carbon ratio 
is vital. 

[0008] The purpose of hydrocracking is precisely to 
increase the H/C ratio by adding hydrogen to the feed in an 
ef?cient manner. This process that consumes hydrogen 
requires the use of a hydrogen production unit Which uses a 
lot of poWer and gaseous hydrocarbon containing matter 
(generally With a discharge of CO2 if CnH (2n+2)) is used 
as the starting point Furthermore, the hydrogen becomes 
reactive only at pressures greater than 100 bars; this imposes 
a construction With very high thicknesses. The conjunction 
of the presence of hydrogen at temperatures of the order of 
450° C. under 150 bars, in order to illustrate the ideas, 
presents delicate problems of realiZation and technology, in 
particular regarding the nature of the special alloy steels that 
are appropriate for these applications. Moreover, the con 
version products saturated With hydrogen are highly paraf 
?nic and, therefore, give gasolines With a poor octane 
number. Therefore, it is necessary to use a catalytic reformer 
that removes hydrogen in order to increase the octane 
number. It seems paradoxical in these operations to begin by 
adding hydrogen to the products With great dif?culty to then 
being forced to remove the same. Thus it is easy to under 
stand Why it is important to avoid useless operations in all 
of these operations regarding the hydrogen content. 

[0009] Some research efforts Were carried out attempting 
to create active hydrogen, designated as H., in order to 
incorporate the same into hydrogen-poor feeds. The creation 
of said H. requires a great deal of energy that is returned at 
the time of the ?nal reaction and “bloWs up” the hydrocar 
bon molecules in question, possibly releasing the carbon. As 
a consequence, instead of incorporating hydrogen into the 
feed, unsaturated gases are created (generally 20 to 40% of 
the feed) by rejecting hydrogen overall. 

[0010] Other research Work Was carried out regarding the 
use of hydrogen superheated at 1100-1200° C. at 40 bars, 
With soaking times of 60 seconds to hydropyroliZe residues 
of oil and heavy oils, such as those of B. SCHUTZE and H. 
HOFMAN reported in Erdol und Kohle-Erdgas-Petroche 
mie vereinigt mit Brennstoff-Chemie 1983, 36 No. 10, 
457-461. The results obtained alWays comprise high gas 
proportions (12 to 27%) and a large quantity of coke. From 
a thermodynamic standpoint, these tWo approaches are inef 
?cient, as con?rmed by all the practical results obtained 
(excess production of gas and coke). 

[0011] It is Widely knoWn that the molecules composing 
the residue under vacuum may be “shaken” thermally With 
a VISCOSITY BREAKER (or Visbreaker), in order to 
“break” the viscosity. This creates a small additional pro 
duction of feed that is generally converted With the FCC. We 
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then have a visbreaker residue that is generally refered to as 
?ash visbreaker residue (RVR), Which can only be used as 
a heavy industrial fuel if light products such as gas oil or 
LCO (FCC gas oil) are added thereto in order to achieve a 
normal viscosity. 

[0012] These examples illustrate the complexity of the 
re?ning operations With imbricated treatments and retreat 
ments. The physical state of the matter (liquid, solid or gas) 
must receive a great deal of attention under normal condi 
tions of temperature close to 20° C., and pressure close to 1 
atmosphere. 
[0013] We also knoW the COKERS that treat the residue 
to release the liquids While rejecting solid carbon, Which Will 
have the same applications as coal (also With the same 

dif?culties). 
[0014] We also knoW the improvement attempts carried 
out With the FLEXICOKER, Which actually consists in 
gasifying the coke produced. The gasi?cation requires a 
facility as large as that required by coking. It saturates the 
re?nery With a fatal combustible gas that must be exported 
or used for other purposes than those that are strictly 
required for re?ning operations (i.e. to produce electrical 
poWer). 
[0015] We also knoW the attempt to hydroconvert the RsV, 
knoWn as the HYCON PROCESS, Which Would consume 
approximately 2.3% hydrogen. The 41% converted must be 
run through the FCC, With all the consequences that Were 
mentioned in relation thereto, in particular regarding the 
direct, leak of H2 and the loss of hydrogen contained in 
gases such as CH4 and C2H6. 

[0016] These tWo processes are too complex and ulti 
mately too dif?cult to implement in an ef?cient re?ning 
layout. 
[0017] FW and UOP indicated on Oct. 27, 1997, that they 
implemented a catalytic process called AQUACONVER 
SION PROCESS in collaboration With UNION CARBIDE, 
for the catalyst. In practice, the general problems that are 
speci?c to catalysts remain intact. ELF AN TAR also claimed 
the preparation of an AquaZole containing 10 and 20% 
Water, stable only from 15 days to one month. 

SUMMARY OF THE INVENTION 

[0018] One or more of the problems outlined above may 
be solved by embodiments of the present invention. 

[0019] Referring to FIG. 1, one embodiment comprises a 
process for the conversion into liquids (gasolines, gas oil, 
fuels) of hydrocarbons that are solid or have a high boiling 
temperature, laden With metals, sulfur, sediments, With the 
help of Water or oxygenated gas properly superheated 
betWeen 600 and 800° C. The process comprises preheating 
a feed 5 in a heater 8 to a temperature beloW the selected 
temperature of a reactor 10. This feed is injected by injectors 
4 into the empty reactor 10 (i.e., Without catalyst.) The feed 
is treated With a jet of gas or superheated steam from 
superheater 2 to activate the feed. The activated products in 
the feed are alloWed to stabiliZe at the selected temperature 
and at a selected pressure in the reactor and are then run 
through a series of extractors 13 to separate heavy and light 
hydrocarbons and to demetalliZe the feed. Useful products 
appearing in the form of Water/hydrocarbon emulsions are 
generally demulsi?ed in emulsion breaker 16 to form Water 
laden With different impurities. The light phase containing 
the ?nal hydrocarbons is heated in heater 98 and is separated 
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into cuts of conventional products, according to the demand 
for re?ning by an extractor 18 similar to 13. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

[0021] FIG. 1 is an illustration of the process layout of a 
unit according to one embodiment of our process for the 
steam conversion of hydrocarbon containing products. 

[0022] FIG. 2 is an illustration of an extractor/separator 
employed in one embodiment. 

[0023] FIG. 3 is an illustration of a reactor employed in 
one embodiment. 

[0024] FIG. 4 is an illustration of the process layout of a 
unit according to our process for the steam conversion of 
hydrocarbon containing products, in a non-arid country. 

[0025] FIG. 5 is an illustration of the same layout imple 
mented in a desert area poor in Water resources. 

[0026] FIG. 6 is an illustration of the same layout imple 
mented in order to convert the excess gases of a drilling Well 
or a re?nery into liquids. 

[0027] FIG. 7 is an illustration of an industrial pilot for 
converting heavy distillates and oils into light distillates, 
Wherein the pilot Works at a total supply rate of 5 kg/h, or 
2 kg/h atmospheric residue or 1.5 kg/h residue under 
vacuum. 

[0028] FIG. 8 is an illustration of a process layout in 
another embodiment. 

[0029] FIG. 9 is an illustration of a process layout in 
another embodiment. 

[0030] FIG. 10 is an illustration of an industrial pilot in 
another embodiment. 

[0031] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWing and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Various embodiments may be characteriZed by the 
different features that are described beloW, Which may be 
considered separately or together, this list being given for 
information purposes, Without being all-inclusive. 

[0033] (1) The feeds are taken as they appear. In the 
re?nery, our process, to Which We Will refer as CPJ, can 
accept indiscriminately crude oil, atmospheric residue (Rat), 
residue under vacuum (RsV) or heavy distillates. 

[0034] (2) The process never uses any vacuum processes 
that require large distillation columns Which must also 
Withstand the crushing strength of the atmospheric pressure. 
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[0035] (3) The feed introduced is treated With gases or 
vapors that act as energy vectors. 

[0036] If the process is carried out in a re?nery, the 
vapor is preferably steam. 

[0037] If the process is carried out in an arid or desert 
area, the gases are preferably N2+CO2 (i.e. taken 
directly from the fumes exiting the furnaces). 

[0038] Any combination is possible and has been 
tested. For example: 

[0039] in a re?nery that has a hydrogen unit, the CO2 
rejected by a Benf?eld hydrogen decarbonation unit 
can be used; 

[0040] a CO2 gas+H2O (steam) mixture can be used; 

[0041] a mixture of CO2+xH2 exiting the Benf?eld 
hydrogen production unit prior to decarbonation, a 
mixture that provides some bene?ts for the octane 
number of the gasolines produced, can be used; 

[0042] CO2+xH2 or CO2+H2+H2O are appropriate. 

[0043] The most favorable gases or vapors Will contain 
oxygen and/or hydrogen. These components can be bound or 
mixed, such as, for example: 

[0045] or still CO2+H2 resulting from a Bens?el unit after 
shift conversion and before decarbonation in a hydrogen 
production unit. Pure N2 is acceptable but not very bene? 
cial. It may be selected only accompanied With CO2 origi 
nating preferably in the combustion fumes. 

[0046] The direct introduction of O2 requires special 
injection precautions. For example, it is possible to inject 
2CH4+O2=>2CO+4H2+Heat With a pre-injector. (In this 
case, pure O2 is not required. The air (O2+4N2) is suf? 
cient.) 
[0047] This alternative may be considered to resorb excess 
light gases (C1, C2) into primary chemical energy, the 
matter being partially recovered in a special extractor 
toWards 200° C.-220° C., 20-30 bars. This shoWs another 
aspect of the extreme ?exibility of the CF] process. Sulfur 
does not hinder the process and may even be bene?cial 
(except regarding the resistance to corrosion). 

[0048] (4) The gases are heated, preheated or prepared in 
classic furnaces. 

[0049] (5) The fresh feed and any recycled components 
are appropriately preheated in a conventional furnace or by 
trains of classic heat exchangers. 

[0050] (6) The feed is injected into the reactor by an 
injector that creates an intimate contact betWeen the pre 
heated feed and a jet of gases, during the expansion, properly 
preheated (or superheated in the case of pure steam). This 
injector also attempts to create a free jet of matter and gas 
that does not come into contact With any material Wall, in 
order to facilitate the initiation of the reactions. The energy 
supply determined by the temperature, the How rate and the 
expansion rate in the injector, releases a usable quantity of 
mechanical energy that provides for the supply of the energy 
that is necessary and barely sufficient to initiate the reactions 
Without tearing the peripheral hydrogen of the molecules 
and Without creating an energy such that the molecule may 
be broken into very small fragments, as may occur in a FCC. 
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[0051] (7) The soaking reactor is an empty container. No 
catalyst Was used. This reactor enables the reactions initiated 
by the injector to achieve the equilibrium. The pressure 
reduces the volume necessary and increases the speed of the 
process to achieve equilibrium. The absence of any matter in 
the reactor presents the advantage of not having any stag 
nation points for the reactants, leading to a soaking time that 
is too long and, consequently, causes carbon deposits. 

[0052] (8) The products, vapor and gas are then expanded 
at a pressure close to the atmospheric pressure, upon exiting 
the cracking reactor. If 2CH4+O2 or 2CO+4H2 Was intro 
duced for the purposes of recovering a carbon of gaseous 
origin, the outlet of the soaking reactor is cooled toWards 
200°-220° C. Without breaking the pressure, Which makes it 
possible, as a secondary capacity, to establish the equilib 
rium of the reactions for the addition of CO+H2, giving 
—CH2—, Which attaches to the matter contained in the 
H20/hydrocarbon emulsion that is used in this case. CO+H2 
can also provide a functional block: 

[0053] Which adds itself to the unsaturated bonds to give 
aldehydes, the simplest example being: 

[0054] All of these reactions contribute to creating liquids 
and eliminating or blocking the creation of gas. The products 
are then expanded at the atmospheric pressure. 

[0055] (9) In all cases, they are properly cooled and 
separated by a series of special devices that provide for the 
separation of heavy liquid phases from light gaseous phases 
at temperatures properly selected according to the physical 
characteristics of the products. 

[0056] (10) The heavy products not complying With the 
selected norm are recycled With the fresh feed. 

[0057] (11) The light products that comply With the 
selected norm are extracted. In the presence of steam, they 
appear in the form of very stable Water/hydrocarbon emul 
sions that can be broken easily. (12) The BreakdoWn of the 
heavy molecules occurs in a controlled manner in all of these 
processes. Roughly, it is possible to say that the Weight of 
the molecules is divided by 2 upon each run in the injector, 
With a conversion rate of (1—1/e=0.63). Therefore, this 
process barely changes the H/C ratio of the products. 

[0058] (13) The control of the breakdoWn of the molecules 
makes it possible to avoid producing gases by never imple 
menting the energy required for their formation and by 
selecting conditions for the equilibrium of the molecules in 
the reactor that do not favor the appearance of such gases. 

[0059] (14) The useful products may be either: hydrated 
and composed by the emulsion mentioned in 11; or anhy 
drous and obtained by a dehydration With extraction. 

[0060] None of the above-mentioned processes is critical 
by itself and may be compensated by the others to the 
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detriment of reduced outputs, conversion rates, a higher 
energy consumption or a greater production of solid carbon. 

[0061] According to another series of characteristics of 
one embodiment, a great deal of attention is given to the 
constraints of the matter during the treatment. 

[0062] Although this only constitutes a very rough and 
imperfect explanation attempt, it is possible to imagine that 
the heat, in its thermal aspect, is stored in the form of 
mechanical vibrations of the molecules. The vibrations 
generate mechanical constraints that, due to the inertia 
related to the mass, are the highest in the middle of the 
molecule, if the vibrations are moderate. These constraints 
then cause a break in the middle of the molecule. The more 
the molecule is heated (or more generally, the more energy 
of any kind it must store), the more it Will vibrate. In this 
respect, it Will vibrate according to harmonic modes With 
several vibration antinodes and troughs such as those that 
can be observed on a piano chord or the halyard of a ?ag 
Waving in strong Winds, or also on a long rod being shaken. 
Since the troughs of the vibration constitute the seat of the 
maximum constraints, the molecule Will break at these 
points, at one-third, one-fourth, etc. of its length. This 
explains that if a molecule is heated excessively (if too much 
energy is transmitted thereto), it Will break into very small 
fragments, stopping at CH4 and even carbon C. 

[0063] With this brief explanation, it is also possible to 
understand that as the length of the molecule increases (thus 
th more massive and the heavier it becomes), it Will have 
more vibrating elements, and the central elements that hold 
together the lateral elements being agitated Will be subject to 
higher constraints to hold said lateral elements. When the 
constraints are too great, the molecules break. 

[0064] This example makes it possible to explain that the 
heavier the molecule becomes, the less it is capable of 
Withstanding the heat Without cracking. To illustrate the 
concept, the CH4 cannot Withstand temperatures greater 
than 700° C., and the heavy residues cannot Withstand 
temperatures greater than 430° C. Regarding the selection of 
the devices, these constraints are also re?ected by the 
maximum acceptable heat ?oWs expressed in Kcal/hour/ 
square meter, or also by the acceptable differences of tem 
perature betWeen the hot Wall and the cold ?uid. The critical 
values depend on the considered products characteriZed by 
their physical state (liquid, solid, vapor) under operating 
conditions. It is thus very important to obtain a practical 
knoWledge of What may occur With the products treated. 

[0065] The folloWing example Will explain the stakes With 
simply molecules as common as C10H8, constituted by tWo 
aromatic nuclei. 

[0066] Note each cycle of 6 aromatic carbons A, Afor the 
cycle 

[0067] for the double bonds in each nucleus. 

[0068] A:A here indicates tWo A carbons are bound. 

[0069] If A:A is heated excessively, it loses hydrogen and 
becomes highly reactive, thus producing: 

AA AA 
+ .. 

AA AA 

tf = 80° C. tf = 278° C. 
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-continued 

Téb = 218° c. Téb = 350(sublime) 
d = 0.963 d = 1.36 

n = 1.60(liq) n = 1.88 

[0070] We go from a solid/liquid to a very hard solid. (By 
the same token, it is necessary to note that the molecules 
With 20 carbons constitute the products that are generally 
referred to as gas oil or light domestic fuel.) Another 
characteristic of one embodiment thus consists in preventing 
such situations from appearing 

[0071] It Was observed that the freshly broken chains Were 
naturally very reactive_at right angles With the break and that 
the polar molecule HOH (Water) attached itself readily on 
said breaks, just like OCO (carbon dioxide). 
[0072] Another characteristic of one embodiment consists 
in introducing oxygen in the conversion process. 

[0073] In order to better understand the uniqueness and 
highly inventive nature of our process, We Will attempt to 
provide an explanation of What should be done and What 
must be avoided. To this effect, We Will again select an 
example from the family of C20: 

c20H14o2 Tf = 300° c. Teb = Sub H6,‘ AA - AA, 0H 
C20H14" Tf = 188° c. Teb = 452 Sub AA - A:A" " 
c20H14o Tf = 81° c. Teb = 264/15 mm AA - O - AA 

[0074] Replacing hydrogen With a lateral OH is not good 
(the fusion temperature goes from 188° C. to 300° C.). If 0 
eliminates a C—C bond, a bene?cial effect is obtained (the 
fusion temperature goes from 188° C. to 81° C.). 

[0075] We Will noW consider the case Where the molecule 
C20H14 is Weakened by an appropriate temperature that 
causes its vibration, and We send a molecule HOH (H20) to 
the central bond: 

Tf = 188° c. Tf = 123° c. Tf = 80° c. 

Téb = 452 sub Teb = 295° c. Teb = 218° c. 
d = 1.30 d = 1.01 d = 0.963 

n = 1.76 n = 1.62 n = 1.60 liq 

[0076] The presence of Water is highly bene?cial on the 
products formed. Let’s reconsider the highly compact mol 
ecule C20H12, attached by 2H20; We have: 



US 2005/0276735 A1 Dec. 15, 2005 

-continued -continued 

Tf = 278° C. Tf = 123° C. Tf = 123° C. I 
Teb = 350 Sub Teb = 295° C. Teb = 295° C. H, ,H Tf Teb s° AHf° 
d = 1.36 d = 1.01 d = 1.01 H,C—C,H +6.5 81 71.18 -29.4 

n = 1.88 n = 1.62 n = 1.62 / \ ,H 

H,C C, 
,H \ / 
H,C—C,H 
H' H' [0077] This example clearly shows all the bene?ts that 

may be obtained from steam. 

[0078] Through thermodynamic considerations, it is also 
possible to determine that the free solid carbon that may 
form is oxidiZed toWards 600-700° C., according to the 
following reactions: 

[0079] CO2+Cs+2C0 AS=42.14 AH=41.23 Téq= 
705° C. 

[0080] H20+Cs+CO+H2 AS=33.04 AH+31.40 Téq= 
677° C. 

[0081] Where AS is the entropy variation, AH the enthalpy, 
and Teq the equilibrium temperature under a pressure of 1 
bar. 

[0082] We have another possible explanation for the ben 
e?cial effect of H20 and CO2 Which, When implemented 
correctly in the injector, tend to eliminate the solid carbon 
that may form inadvertently. 

[0083] As may be seen in these examples, the measure 
ment of the physical characteristics and, in particular, the 
refractive index, makes it possible to folloW the direction of 
the evolution of tie conversion products and to direct said 
conversion. 

[0084] It Will be easier to understand the purpose of one 
embodiment, Which consists in operating under conditions 
that avoid hydrogen losses, as this hydrogen loss creates 
unsaturated components that evolve toWards loW fusibility 
nuclei. 

[0085] If We consider the straight chain described beloW, 
When it is heated to a high temperature, it begins to lose 
hydrogen according to the folloWing layout: 

H2 + Teq: 958° K. (685° s° = All? = 0.0 As AH 

[0086] Then, the unsaturated chain folds and closes: 

Teq: 941° K. (668° C.) As AH 
-20.65 -19.44 

[0087] The fusion temperature goes from —95° C. to +6° 
C. With only 6 carbons. We thus realiZed that, on one hand, 
We should never have come close to these temperatures of 
the order of 650° C. and, on the other hand, the energy 
required in this case should not have been supplied; the 
thermodynamic values indicated above provide orders of 
magnitude. Furthermore, it is observed that When the dehy 
drogenation process begins, the reaction runs aWay because 
the cycliZation releases energy. 

[0088] Here is What could occur if there is a more violent 
supply of energy. 

[0089] The highly dehydrogenated chain closes: 

[0090] Extracting a H2 from a Straight Chain: 

[0091] Creates approximately: &S/H2=+30.19 and 
requires approximately: &H/H2+32.18 
[0092] Closing a cycle releases energy (and reduces &S by 
approximately 20.5). 
[0093] After the initial conditioning of the appropriate 
products thanks to our injector, one embodiment makes it 
possible to initiate and activate the reactions While comply 
ing With the preceding rules and the orders of magnitude that 
should not be exceeded 














































