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10  FIELD OF THE INVENTION

This invention relates to in line fluid and gas heating and more particularly to a thermal
cracking system for the cracking of liquid hydrocarbons. It also has applications in the field of
pyrolysis, the treatment of liquids and solids in multiple industries, and heating of liquids.

15
BACKGROUND TO THE INVENTION

Electrical induction heating is used in many industries to convert electrical energy into heat
and transfer this heat to a compound, article or medium. It is used for example to heat fluids

20 in the food industry. Problems with such installations include typically the cost, size and
efficiency of the equipment, which limits their applications.

A further specific application of an industry where heating is required is the thermal cracking
industry. Thermal cracking is well known and different processes have been developed for
25  this purpose. It is a process whereby complex organic molecules are broken down into
simpler molecules such as light hydrocarbons, by the breaking of carbon-carbon bonds in the

precursors.

Problems with conventional thermal cracking systems include typically the cost, size and
30 efficiency of the heating equipment, which limits the usefulness of conventional thermal
cracking technologies.

OBJECT OF THE INVENTION

35 It is an object of the present invention to provide an assembly which is directly electrically
powered to give a controlled heating capability.



OBJECT OF THE | NVENTI ON WO 2012/ 150530PCT/ 1B2012/ 052078 2 SUMVARY OF THE

| NVENTI ON According to this invention there is provided an el ectri cal

i nduct i orwbeatzmsgs3assenbly conprising an el ectrical i ndecriBriteroisng coil
at least partly surrounding and thernally 5 insulated froma cl osed
cylindrical chanber having an inlet and an outlet, an electrically
conductive elenent |ocated within or formng part of the chanber, neans for
uni f or SUMMARYLQFE T INVENTI@Ni al to be heated in the chanber and a body of
di screet agitating nedia contained within the chanber. 10There is further
provi ded for the heating assenbly to include pressurisation neans for the
chanberAccomdetoetabhiy inverttios h“neremimfprqmicﬁb|aneelectritaloiInducaiomeBeatimgaaﬂeUmssi ng
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non- co Is still further provided for the inlet to be
Iocateggﬁgg%gﬁﬂ mthe F?@Pgend of the chanber 20and for the outlet to be

| ocat ed proxinate a second end of the chanber. There is further provided
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t o i nclchdmber, preferably in the form of pressure control valves in a processing circuit to WhICh the
chamber is operatively connected, more preferably in the form of pressure control valves

proximate the inlet and outlet of the chamber.

15  There is further provided for the agitating media to be electrically conductive and to form an
electrically conductive element within the chamber, and preferably also for the chamber to be
electrically conductive, alternatively for the chamber to be electrically non-conductive.

There is still further provided for the inlet to be located proximate a first end of the chamber
20  and for the outlet to be located proximate a second end of the chamber.

There is further provided for the thermal insulation between the induction heating coil and the
chamber to comprise a thermal blanket, and further for the heating assembly to include
thermal insulation around the heating coil, preferably in the form of a thermal blanket or a

25  ceramic insulator located around the heating coil, and further preferably contained in a
housing within which the assembly is contained.

There is further provided for the heat exchanger assembly to comprise a thermal cracking
chamber assembly, and further for the uniform distribution means to comprise a rotatable

30 axial shaft carrying at least one radial stirring paddle and for a drive motor to be mounted
adjacent the chamber and connected to the shaft, and preferably for the shaft and paddle to
be electrically conductive to provide further electrically conductive elements within the
chamber.



thermal insulation around the heating coil, preferably in the formof a
thermal bl anket or a 25ceram c insulator |ocated around the heating coil,
and furt h&o 2pr2éfsesabl y contai ned in a housing wthin whiPpci/iBtoa2/eesbly is
contained. There is further provided 8or the heat exchanger assenbly to
conprise a thermal cracking chanber assenbly, and further for the uniform
distribution neans to conprise a rotatable 30 axial shaft carrying at
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2012/ 150530PCT/ 1B2012/ 052078 3 There is still further provided for the
shaft to include a conduit to which the inlet is connected around a |iquid
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pref erq@éc}( gn electrically conductive medium alternatively an electrically

non- conductive nedium 10There is still further provided for the outlet to
i nclude a screw conveyor. According to a further feature of the invention
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di scre
means to comprise a cylindrical cage complimentary shaped to the inner dimensions of the

chamber and secured to a rotatable axial shaft connected to a drive motor mounted adjacent
15  the chamber, with the cage containing the body of discreet agitating media.

There is still further provided for the chamber to comprise a right circular cylindrical chamber.

This invention also provides a method of heating a liquid, preferably thermally cracking the
20 liquid, comprising heating electrically conductive media for a liquid to be heated, preferably
cracked, by induction in a chamber having an inlet and an outlet, receiving the liquid and
having a body of stirred agitating media in the chamber, maintaining the chamber
pressurised, the liquid being introduced into the chamber through the inlet and the heated
product collected through the outlet from the chamber.
25
There is further provided for the method to include collecting cracked product through an
outlet from the chamber and solid material formed during the cracking transported to and
removed from the outlet from the chamber by agitation of the media.

30 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in detail below where reference is made to the accompanying

diagrammatic drawings in which:

35 Figure 1 shows a diagrammatic cross-sectional view of a thermal cracking chamber

according to the invention; and



There is still further provided for the chanber to conprise a right
circular cylindrical chanber. This invention al so provides a nethod of
heati ng awbDi2quid9s3pr ef erably thermally cracking the 20PCIrge2od2/0220m8ri si ng
heating el ectrically conductive nedia4for a liquid to be heated, preferably
cracked, by induction in a chanber having an inlet and an outlet, receiving
the liquid and having a body of stirred agitating nedia in the chanber,

mai nt ai ni ng the chanber pressurised, the liquid being introduced into the

charrberﬁjéu%gugh tSH§V,¥%§'rC?<}S§% diéevpgf é]%er%ﬁﬁ%ﬁéqqum col l ected through the

out | et omthe ¢ r r provided for the nmethod to
i nclude col |l ecting cracked product through an outlet fromthe chanber and

solid rqaé.lfxw_éb [;%]érﬁlg,%ngig]g.!;@ﬁ%g?ﬁﬂg@g transported to and renoved from

t he outle romihe cha agirtation of the nedia. 30 BRI EF DESCRI PTI ON
OF PHE DRAW NGS The invention is described in detail bel ow where reference
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which contains the chamber (2), heating coil (7) and thermal insulating blankets (6, 8). The
induction heating coil (7) is located concentric with the chamber (2) to optimise heating.

20  The induction hearting coil (7) is electrically connected to a 50KW power generator located
distal from the assembly.

An inlet (10) is provided in one end of the chamber (2) and an outlet (11) at the opposite end.
A shaft (12) extends through one end of the chamber (2), in this instance the inlet (10) end.
25  The shaft (12) is secured to an electric drive motor (13) by means of a coupling (14). The
shaft (12) extends through a set of graphite or ceramic based seals (15) and bearings (16)
into the chamber (2). The shaft (12) includes a plurality of radially extending paddles (17)
spaced apart along its length within the chamber (2). The paddles (17) extend radially from
the shaft to proximate the inner surface of the chamber (2).
30
The drive (13) is located distal from the chamber (2) by means of the coupling (14). This
locates the drive (13) away from heat emanating from the chamber (2) during operation,
which affords adequate protection against induction induced eddy currents and the heat
generated during the cracking process. The rigid coupling also ensures that the shaft runs
35  true within the chamber (2) during operation.



20The induction hearting coil (7) is electrically connected to a 50KW power
generator |ocated distal fromthe assenbly. An inlet (10) is provided in
one end ovothe/wshsnber (2) and an outlet (11) at the oppoTiB®1ZNEL078A shaft
(12) extends through one end of the chanber (2), in this instance the inlet
(10) end. 25 The shaft (12) is secured to an electric drive notor (13) by
means of a coupling (14). The shaft (12) extends through a set of graphite
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chanmber (2) is filled around the shaft (12) with stainless steel balls

(18). The outlet (11) end of the chanber includes a strainer (19) in the
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experience wear durihg operation
t he chalmbegh trﬁ olmarribebGQ servi ced at regular intervals during at V\/m ch tinme
worn balls (18) will be renoved before they wear enough to pass through the
strainer (19). Solid materials generated in the cracking process can pass
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cracki
above atmospheric pressure. The chamber is pressurised by pressure control valves in the

inlet and outlet passages to the chamber, which between them maintain the chamber
pressurised.
20
The pressurised heating results in thermal cracking of the oil in known manner. The cracking
produces liquid and solid products. The solids are removed from the chamber by means of
agitation by the ball bearings (18), which moves the solids through the outlet (11). The outlet
is provided with a screw conveyor to facilitate movement of the solids away from the
25  chamber (2).

The solid and liquid products of the cracking are further treated using known techniques for
thermal cracking, including evaporation, condensation and separation.

30 The chamber (2) may also be provided with an inert gas inlet to optimise the cracking
process.

Dimensions of the unit can be made to suit particular applications and a practical

embodiment would have a cylinder length of about 100 cm and diameter of about 14-20 cm.
35 The assembly may be scaled up by increasing its diameter and/or its length. The preferred

method of scaling up will be to increase the diameter since increasing the length puts greater



process. Used oil is punped into the chanber (2) where it is subjected to
pressurised 15 heating. The oil may be heated to about 280C and 800C and
subj ect edwbaorsssar es as hi gh as 28bar. Typically the ebamBBEn2H078

mai nt ai ned pressurised, neaning it wibl be kept above atnospheric pressure.
The chanber is pressurised by pressure control valves in the inlet and
outl et passages to the chanber, which between them mai ntain the chanber
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f ur bherTherabave dusisategjthahtherassemhblyiigjc@spda and sboutd hotexzekd iy, masecieqdireny

S‘r’g\?f’{jg% e&@;{eﬂﬁgﬁgaﬁ & Bﬁg’gggﬁ%eziﬁﬁ’tﬁrtﬁé %fs[?em % %@?e&m%@qg%lqé%purrgay al'so be

D nensions of the unit can be nmade to suit particular applicati ons and a

practi CAaép W?B?rﬁ’ét%’%% %g lc%cﬂ@é%]g a%yoles Stk e{b%ogml QJ "H%Q@gé E)c;rg@e ﬁgPtiglmgr

di anet e abou assenbl’y may Be Sch ncreasi ng
its di GBIthCBIIOIaHdﬁ cuch reodifeatytrts. willthe ithed elahrer alullltymf hioabeodkilledah itmey adplt will | be

to wNncr i i t r

20103 SR BBl Blosh B0 (Y& ERAYS, oA HE S S Bl o
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which is unwanted since it could cause the paddles to catch on the inner

surface of the chanmber (2). 5The above illustrates that the assenbly is
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15  possible to include a cage within and concentric with the chamber, with the shaft being
secured to the cage. The cage will contain the agitating media, typically the balls bearing,
and will be rotatable by means of the shaft. This will eliminate the need for the strainer and

possibly also the paddles.

20  Further alternatives include for the chamber to be made from ceramic, for the balls forming
the agitating media to comprise steel balls. The outlet may be operated without a screw
conveyor fitted to it.



A specific installation of a cracking unit as described above wll be

nodi fied for the particular application and such nodifications wll be

wi t hi n t woabidiso30of those skilled in the art. It w || PCOABX02/F2078

appreci ated by those skilled in the aft that the invention described can be
adapted for use in heat exchangers, boilers and pyrol ysis processes. It

w Il be appreciated that the enbodi nent descri bed above is given by way of
exanpl €LAIMS and is not intended to limt the scope of the invention and
its protection. It is for exanple 15 possible to include a cage within and
concentric with the chanber, with the shaft being secured to the cage. The
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chanber
15 3. A heating assembly as claimed in claim 1 or 2 in which the agitating media is
electrically conductive and comprises the electrically conductive element within the

chamber.

4. A heating assembly as claimed in claim 1 to 3 in which the chamber is electrically
20 conductive and comprises the electrically conductive element forming part of the
chamber.

5. A heating assembly as claimed in any one of the preceding claims in which the inlet is
located proximate a first end of the chamber and the outlet is located proximate a
25 second end of the chamber.

6. A heating assembly as claimed in any one of the preceding claims in which the
thermal insulation between the induction heating coil and the chamber comprises a
thermal insulating blanket.
30
7. A heating assembly as claimed in any one of the preceding claims in which the
heating assembly comprises a thermal cracking chamber assembly.

8. A heating assembly as claimed in any one of the preceding claims in which the
35 uniform distribution means comprises a rotatable axial shaft carrying at least one



153. A heating assenbly as clainmed in claim1 or 2 in which the agitating
nmedia is electrically conductive and conprises the electrically conductive

el enent wORDr/tShsochamnber . 4. A heating assenbly asPciraBmaeeioizn7scl ai m 1
to 3 in which the chanber is electricélly 20conductive and conprises the
el ectrically conductive elenment form ng part of the chanber. 5. A

heating assenbly as clained in any one of the preceding clains in which the
inlet is | ocadieldstrioxipagtie and ia sitive mdotof ig meountedriadjacamtdthehehamoltdreand s

| ocat ed proxi d end of the chanber. 6. A heating assenbly as
clainmed in gﬁgﬁ%cﬁ%&gﬁﬁégﬁggrecedi ng clains in which the thermal insulation

bet ween the induction heating coil and the chanber conprises a thernal
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rot at abl e axial shaft carrying at |east one WO
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11. A heating assembly as claimed in any one of the preceding claims in which the
agitating media includes steel balls.

15 12. A heating assembly as claimed in any one of the preceding claims in which the
agitating media comprise stainless steel balls.

13. A heating assembly as claimed in any one of the preceding claims in which the outlet
includes a screw conveyor.
20
14. A heating assembly as claimed in any one of claims 1 to 7 in which the uniform
distribution means comprises a cylindrical cage complimentary shaped to the inner
dimensions of the chamber and secured to a rotatable axial shaft which is connected
to a drive motor mounted adjacent the chamber, the cage containing the body of
25 discreet agitating media.

15. A heating assembly as claimed in any one of the preceding claims in which the
chamber comprises a right circular cylindrical chamber.

30 16. A method of heating a liquid comprising heating electrically conductive media for a
fluid to be heated by induction in a chamber, receiving the fluid and having a body of
stirred agitating media in a chamber having an inlet and an outlet, the fluid being
introduced into the chamber through inlet and the heated product collected through
an outlet from the chamber.

35



t he chanber. 10. A heating assenbly as clainmed in any one of the
preceding clainms in which the shaft includes a conduit to which the inlet
is connecwodomyisossd a |iquid flow path, and the 10conduiPCThR¥12/052078

| ongi tudi nally spaced outl et openings?%i nto the chanber. 11. A heating
assenbly as clainmed in any one of the preceding clains in which the
agitating nedia includes steel balls. 1512. A heating assenbly as cl ai ned

i n any ont7.¢f methred@sedacieddgn claa m8 in whish ittehfluidh és taginballyionarkeddarad iodoges se
stainl ess st halls. 13 h [ S I cl.al ' t he
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heat i ng assdorbieg dwingl Hienedcking drapsporeedofo ehdiremmoded bom the oditlet Hirohhéhe

uni form di stygi i ises a cylindrical cage conplinmentary
shaped to tﬁ%gﬁﬁégﬁpﬂﬁﬁgﬁinﬁgpﬁ The chanber and secured to a rotatable
axi al shaft which is connected to a drive notor nounted adjacent the
chanber, the cage containing the body of 25discreet agitating nedia. 15. A
heati ng assenbly as clained in any one of the preceding clains in which the
chanber conprises a right circular cylindrical chanmber. 3016. A method of
heating a |iquid conprising heating electrically conductive nedia for a
fluid to be heated by induction in a chanber, receiving the fluid and
having a body of stirred agitating nedia in a chanber having an inlet and
an outlet, the fluid being introduced into the chanber through inlet and

t he heated product collected through an outlet fromthe chanber. WO

2012/ 150530PCT/ 1B2012/ 052078 9 17. A method as clained in claim 16 in which
the fluid is thermally cracked, and includes collecting cracked product

t hrough an outlet fromthe chanber and solid material forned during the
cracking transported to and renoved fromthe outlet fromthe chanber by
agitation of the nedia.



