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The present invention relates to a nethod for the pyrolysis of pyrolysable
mass i n twe oBaoémwef particles, wherein the pyrolysabl e pactimnlogsosare
treated in the presence of carrier particles at el evated tenperature,
yielding at 5 | east one conbusti bl e product, wherein - the carrier
particles are heated; - the heated carrier particles are contacted with the
py- rol yMabhedpéoeti thespandlmseésnoked pheokywsable-made m xture of

pyrol ysabl e particles and heated carrier 10 particles pyrolyses in a
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15 Such a method is described by the Lurgi Company
where anorganic particles (ash residue particles) are fed
into an extruder-like apparatus, which extruder possesses two
horizontal screws for the transport of the anorganic parti-
cles. In the apparatus a hydrocarbon-comprising material,

20 such as oil residue, pitch sand and heavy oil fractions, are
added to the anorganic particles. The treatment at 500-600 °C
causes the development of gasses and vapours, as well as
cokes. The screws effectuate mixing between the anorganic
particles and the mass to undergo pyrolysis, wherein little

25 mixing occurs in the axial direction and satisfactory mixing
in the radial direction. The screws also ensure that the mix-
ture is transported through the apparatus. The advantage of
the method described is that in contrast with methods based
on a fluidised bed, there is no need to add large amounts of

30 carrier gas, which greatly dilute the gaseous product.

The known method has the drawback that the screws
encounter much resistance and driving them therefore requires
much energy. This at the cost of the total energetic yield of
the process carried out with the apparatus. The considerable

35 resistance also means wear of the apparatus, in particular
the screws, which has an adverse effect on the method’s econ-
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15 the rotating element rotates at a speed such that the py-
rolysable particles and the carrier particles move over the
surface of the rotating element to be hurled away; ii) mix-
ing by means of a vibrating or shaking element, and the py-
rolysable particles and the carrier particles leave the vi-
20 brating or shaking element over an edge thereof or hole
therein, and iii) mixing at a volume density of less than
40%; and
- that before the mixture is deposited it is mixed at least
well enough that in a sample of one cubic decimetre of the
25 thus obtained mixture the A/B ratio deviates less than 20%
from the ratio at which A and B are added,
and the mixture obtained is deposited, and in a condition af-
ter pouring undergoes pyrolysis in the reactor.
In this way the pyrolysable particles and the car-
30 rier particles are mixed very quickly, without any extensive
pyrolysis occurring before the mixture is deposited producing
a mixed mass, whose further mixing would involve high energy
costs. The fact that as carrier particles sand can be used is
in itself known. In order to limit the loss of pyrolysis gas-
35 ses via feed openings for carrier particles and pyrolysable
particles the feed openings are connected to substantially
vertical feed pipes whose inside diameter and length are cho-
sen such that they form a resistance for the pyrolysis gas-
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capable © i SSi pati ng_heat Thefpartlcle i.s, for _exanple,
an ilfer trosaw thazﬂp&r@@@f&@ J@eﬂg RY BT falco8 45852 t 1082 ¢
particl g5 SuGh A Galalofls MARlde mpRirialiis care tlrJqu.tdesatt addre

formation of pyrolytic _products that_are |iq 20 uid at o] nper.at ur e.
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re- qwre er mxing is desirable, it suaII Lif
an inert particle such as a sand grain, but a
catalytic particle. Such a catalytic particle preferably con-
tributes to the formation of pyrolytic products that are lig-
20 uid at room temperature. The term volume density denotes the
ratio of the volume of the solid in relation to the total
volume (i.e. inclusive of interstitial space) taken up by the
solid. The volume density is preferably less than 25%, such
as less than 15%. Lower volume density not only ensures low-
25 friction mixing, but also limit pyrolysis during mixing.
The deviation is preferably less than 10%.
In practice this means that no further mixing is re-
quired. If further mixing is desirable, it usually suffices
to carry out this mixing at the surface of the deposited mix-
30 ture, where still fairly little force is needed for mixing.
Contacting and mixing is preferably realised by
means of a rotating cone.
Such a cone is shown to be very useful for quickly
and efficiently mixing the pyrolysable mass and the carrier
35 particles.
Mixing and pyrolysis preferably occurs in two sepa-
rate chambers, which are in communication by means of a par-

tition provided with at least one opening.
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drying the pyrolysable mass.

15 In this way it is possible to influence the moisture
content of the pyrolysable mass, and consequently the compo-
sition of the liquid and gaseous products.

Pyrolysable mass-depleted mixture is preferably dis-
charged from the bottom of the deposited mixture.

20 The mixture is thus transported into the reactor at
low energy cost, while at the top side newly deposited mix-
ture comprising relatively much mass still to be pyrolysed is
supplied.

If the pyrolysable mass contains components or prod-

25 ucts causing caking, this can be effectively remedied if dur-
ing pouring of the mixture in the reactor carrier particles
are poured against the inner wall of the reactor.

Preferably, the carrier particles are heated by
passing an oxygen-comprising gas through the pyrolysable

30 mass-depleted mixture.

Then, carbon-containing material still present is
combusted and the carrier particles are brought again to a
temperature allowing efficient pyrolysis in the reactor.

According to an important embodiment, the py-

35 rolysable mass comprising a carbohydrate is biomass.

Thus, the method according to the present invention
allows efficient pyrolysis of biomass, such as for the forma-

tion of a bio-fuel, in particular bio-diesel.
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chosen nun% ? revol uti ons m nute, and.o y further,determ ned

by 15 th@mgﬁ@ﬁ@e@hegééFl?§9€hh§§ede%P|%lﬁ@tﬁFl gcghﬁ 5 85?3%?5I§? t he

Ve'OCItYtMétﬁlmbhghchQﬁbéaythéheslés Benove. oBer thbeckusenf aoebet dEsc 6
can be varie

can b Vaaahufopsiial fiL0LaL anal speetal By LOLRURTILE 0Ly TS,
Af t esbethg bBhapedthepavfhésnchatsndedisningand pesending outwardly
the velocity with which the particles A, B move over the sur-
face of disc 6 can be varied. A suitable rotational speed is
for example 300 rpm. Thus, the particles A, B are mixed very
quickly yielding a particle mixture.

20 After being hurled from the rotating disc 6 and pos-
sibly colliding with the inner wall of the mixing chamber 2,
the mixture of particles formed falls downwardly and is de-
posited. It is in particular in the deposited mixture C that
pyrolysis takes place, and the pyrolysis products D formed

25 are discharged via a discharge line 7.

In the reactor zone of the reactor chamber 3 where
the mixture C is deposited and pyrolysis takes place, collec-
tion tubes 8 may be present for reducing the (average) dis-
tance that pyrolysis products D have to travel through the

30 deposited mixture C. This increases the yield of combustible
pyrolysis products D liquid at room temperature. It is possi-
ble to collect the pyrolysis gases D above the deposited mix-
ture C, but in the embodiment shown here use is made of col-
lection tubes 8 present in the deposited mixture C, having

35 oblique slits through which the particles, even they are
smaller than the slit width, can not pass. It is preferred
that the collection tubes 8 are not provided with such slits
near the top of the deposited mixture C. Because of the py-
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pyr0|y8|groducts D is impeded even further. This is in particular the
case of the lines are longer and have a smaller inner diame-
ter. Of course, the lines are dimensioned in accordance with

20 the desired capacity of the apparatus 1. It is advantageous
if the lines are filled relatively high with particles. To
prevent undesirable escape of pyrolysis products via the sup-
ply openings 4, 5, the lines may optionally be provided with
non-return valves (not shown).

25 The mixture subjected to pyrolysis leaves via a dis-
charge line 10 as a pyrolysable material-depleted mixture E
the reactor chamber 3. This mixture E may contain, apart from
particles B, possibly carbonised particles A’. The mixture E
is in such a case contacted with oxygen, as a result of which

30 the carbonised particles A’ are combusting yielding re-heated
particles B which are fed back to the mixing chamber 2. Op-
tionally, a fuel, such as natural gas, is supplied to ensure
that the particles B are sufficiently hot for return in the
apparatus 1. Supply of oxygen may be performed by supplying

35 air. Air may also be used for transporting the particles B
up, in order to return these as heated particles back in the
mixing chamber 2. Transporting particles in such a way is

known in the art.
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1. Method for the pyrolysis of pyrolysable mass in the formof particles,
wherein the pyrolysable particles are treated in the presence of carrier
particl eswato3gb@vat ed tem perature, yielding at | east on@CEoNtossadbl e
product, wherein 5 - the carrier partigles are heated; the heated carrier
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mass-depl eted m xture is renoved fo ~ ing the carrier particles,
characterised in that the carrier particles are supplied at a 15 rate A
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particl et dhel re ey epr_@‘setrm roct atarZﬁemgpaedtenﬁrﬁs Gomes lietacc exbriteact Wit h

the rotating el ement e rotati e ?ﬁﬁnh ch that
the py- predfla\%é“a“oq’e ¥ er]t({lcﬂge o nlc?aisr%e Og%r I‘AI er° part teps r?glslce@os@r %SA]
surf&be-ofthhecanraerngaet@qéﬁs apebkehtieted amay, ii) mx- ing by nmeans of

a V|brat|ng §99F8n8a§£ g?n#argﬂglégea9¥ génﬁQEMéébﬁﬁtHaﬁhéCb9s and the

carrier part eave rating or shaking. el ement over- an edge
t her eof orrﬁéyéabﬂﬁepérhlcéﬂa ﬁﬂﬁ)ﬁ??lﬁ@xﬁﬁ BhoBPUHENdensity of |ess than

40% and. - +hBakiRehoeeeckhg %I%{Eéﬁléspgﬁ’fé@&&égdahﬁ heagededaatikeast 30
wel | enough that_in a sa one cubjc eC|$§tre of t hus obt ai ned

m xture t hB2AFBCL§Ei BYURVYSE8siNe@sTEAGHCS 06 6ﬂgtﬁethflgag?°Hﬁ(ch A and
B ar¥ addedompudtibkenpxbduetobhdi aedyrelgepbiet mdssaddpilatadcondition af -
ter pourlnggundergges pyrolysis in the reactor. 35 2. Method according to

claim1 ract8F'sed in WD 03/ 106590 PCT/ NLO3/ 00442
- the pyrolysable mass-depleted mixture is removed for heat-

ing the carrier particles,
characterised in that the carrier particles are supplied at a
15 rate A and the pyrolysable particles at a rate B, and mixing
is carried out such
- that by using a method of mixing chosen from i) mixing by
means of a rotating element, wherein the pyrolysable parti-
cles and the carrier particles at the centre of the rotat-
20 ing element come into contact with the rotating element and
the rotating element rotates at a speed such that the py-
rolysable particles and the carrier particles move over the
surface of the rotating element to be hurled away; ii) mix-
ing by means of a vibrating or shaking element, and the py-
25 rolysable particles and the carrier particles leave the vi-
brating or shaking element over an edge thereof or hole
therein, and iii)mixing at a volume density of less than

40%; and
- that before the mixture is deposited it is mixed at least
30 well enough that in a sample of one cubic decimetre of the

thus obtained mixture the A/B ratio deviates less than 20%
from the ratio at which A and B are added,
and the mixture obtained is deposited, and in a condition af-
ter pouring undergoes pyrolysis in the reactor.
35 2. Method according to claim 1, characterised in



9 that the deviation is preferably I ess than 10% 3. Method according to
clainms 1 or 2, characterised in that contacting and mxing is preferably
real i sed Wp msedsg0 of a rotating cone. 5 4. Method accor diPag/Nl®3/0md2 of t he
preceding clains, characterised in tp/gt m xi ng and pyrolysis preferably
occurs in tw separate chanbers. thod according to one of the
preceding clainms, characterised |n that the conbustible product is
preferab¢®at10h%0@¢tiht¢mhsé@apaﬁédr$hlp bes$$ quiaih skaR oi | conponent and a

gaseous conponentsy Qﬂe%&@ogc@&nﬁiﬁ?“% irﬁ‘é”i rcharg éﬁréﬁed L0, that
y-

t he gaseous conponent na used for df
pyr ol ysabt et fh%%scorl’f?qtl%tm %A by %e%@awyw@abm@@dwgnmm ns,

char act esf sgdrdtat ired é$ﬁepyrolysable mass-depl eted m xture is preferably
8. Met hod, acc ding to one

di scharged fromt tomof the. cast m xtur
of the preceding Jg‘l QP 5”&%‘?%%@?? SEY 77 tHiat IR PR P % he
mi Xt ur e chatdieteibadant ou:ha:tarmize:tncpaairtd @ﬁﬁohyﬁlé‘,)%hf@ﬁbﬁmlﬁséc&@@si nner

wal | of according to one of the preceding clains,
char act F' sed‘gl%céaﬁjﬁt T e Tar r]?er particles are heated by passing an

oxygen- conpri si ng gaethndwrgcerdinpy ried y@m)l%f 2hergseeceplng edladms ur e, 10.
e o0 AL O S e 1 And I SRR DAL BroalBl A S AshAY hat the

pyro“ys nmass conprising a car
cooled and separated into a llquldlsed 011 component and a

gaseous component.

6. Method according to claim 5, characterised in
that the gaseous component may be combusted and used for dry-
ing the pyrolysable mass. 4

15 7. Method according to one of the preceding claims,
characterised in that the pyrolysable mass-depleted mixture
is preferably discharged from the bottom of the cast mixture.

8. Method according to one of the preceding claims,
characterised in that during pouring of the mixture in the

20 reactor carrier particles are poured against the inner wall
of the reactor.

9. Method according to one of the preceding claims,
characterised in that the carrier particles are heated by
passing an oxygen-comprising gas through the pyrolysable

25 mass-depleted mixture.

10. Method according to one of the preceding claims,
characterised in that the pyrolysable mass comprising a car-
bohydrate is biomass.



