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DESCRIPTION

[0001] The present invention relates to a dryer for drying a liquid feed into a powder,
comprising a drying chamber defined by a chamber wall including a bottom wall portion; a
liquid feed inlet for receiving the liquid feed and dispersing particulate feed into the drying
chamber; at least one air inlet for entering drying air into the drying chamber; and at least one
drying chamber outlet for dried powder and/or spend drying air from the drying chamber.

[0002] The invention further relates to a method of drying a liquid feed, including a liquid and a
solid phase, into a powder using a dryer according to the present invention.

[0003] Dryers of the above art are well known in the art, e.g. in the form of so-called spray
dryers an example of which e.g. is found in WO9104776A1 that discloses a spray dryer
comprising a drying chamber with a vertical axis; a cylindrical part; a conical part below the
cylindrical part, the conical part providing a bottom wall portion; a liquid feed inlet with a rotary
atomizing wheel in the upper part of the drying chamber; and with separate outlets for powder
product and for spend drying air including fines, i.e. a fine fraction of the powder product, in the
lower conical part of the drying chamber. In operation a liquid feed is dispersed in the drying
chamber as minute droplets by means of the rotary atomizing wheel to be mixed with heated
drying air at a temperature well above the evaporation point of the liquid of the liquid feed for
the liquid to evaporate. Thus the temperature of the heated drying air may be 200°C to
2.000°C depending on the substance to be treated and the process wanted to take place in the
spray dryer.

[0004] DE 102 56 674 A1 discloses a fluid bed dryer comprising a decanter centrifuge as inlet
for feed to the fluidized bed. Generally, the decanter centrifuge has a horizontal axis of
rotation, but in a single embodiment, shown in Fig. 5 of the document, the decanter centrifuge
has a vertical axis of rotation and is placed mainly inside the fluidized bed for the inlet of feed
to the fluidized bed to be placed at the top of the decanter centrifuge, a lower end of the
decanter centrifuge extending out the bottom of the fluid bed dryer.

[0005] Other types of dryers are known e.g. a so-called ring dryer an example of which is
shown in the accompanying Fig. 1, which shows a ring dryer with back-mixing wherein a feed
101 is conditioned in a mixer 102, carried by a screw conveyor 103 to a disperser 104 and on
to a venturi 105 where it is fed into a hot air stream from an air heater 106. The feed is blown
from the venturi 105 through a drying column 107 and a ring duct 108 whereby it is dried.
Particles, especially larger particles, that are not sufficiently dried, but still moist and heavy, are
separated in a manifold 109 by centrifugal force and are returned to the disperser 104 to be
recycled to the venturi 105 and the drying column 107, etc. The air stream and the dried
material, that are not recycled by the manifold 109 is optionally fed into a pre-separator 110, a
type of cyclone with a horizontal axis, where a part of the dried material is separated from the
air stream to a second screw conveyor 111. The air stream is led to cyclones 112 where the
rest of the dried material is separated as product and led by a third screw conveyor 113 to a
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product collection. The pre-separator is optional and if not used, the air stream would be led
directly to the cyclones 112 from the manifold 109. Part of the product is recycled to the mixer
102 to be mixed to the feed 101 to facilitate conditioning of the feed before entering the drying
column 107. Exhaust gas from the cyclones 112 is in part recycled to the air heater 106 and
what is not recycled is bled-off through a bleed-off 114 to be substituted by fresh air 115 and
possibly products of combustion of fuel fed to the air heater 106 to provide for heating the air.

[0006] Another known technology for drying or at least dewatering solid matter from a liquid
feed is centrifuging by means of what is known as a decanter centrifuge or solid-jacket screw
centrifuge.

[0007] A decanter centrifuge generally comprises a rotatable bowl with a cylindrical part and a
conical part said bowl having a central axis of rotation; a conveyor screw in the bowl that during
operation conveys material towards the conical part; a liquid feed inlet for letting a liquid feed
into the bowl; a solid phase or heavy phase outlet at the narrow end of the conical part; and a
liquid phase or light phase outlet at the opposite end of the bowl. During operation a liquid feed
comprising a light, liquid phase and a heavy, solid phase is let into the bowl and spinning the
bowl around the axis of rotation results in a separation of the light phase and the heavy phase
by centrifugal forces. The heavy, solid phase is by means of the conveyor screw, that rotates
slowly relative to the spinning bowl, transported to the narrow end of the conical part of the
bowl to exit through the solid phase outlet which is positioned at a relatively small radial
distance from the axis of rotation. The liquid phase flows to the liquid phase outlet.

[0008] US2017/0182502A1 discloses a decanter centrifuge in which the solid phase exiting
from the solid phase outlet is provided in a discharge chamber which is open downwards. The
discharge chamber is, according to paragraph 49 and 50 of US2017/0182502A1, designed in
the manner of a housing which comprises axial walls, which comprise in the radial direction
walls which are relatively far removed from the actual solid matter discharge openings, or solid
phase outlet, such that solid matter to be discharged is initially able to fly relatively far radially
from the drum, or bowl, which is rotating at high speed, in a curve outward until it impacts
there, where applicable against the inside surface of the walls. By flying for a relatively long
period until it comes up against the walls or until it drops down vertically, the solid matter is
dried for a relatively long period in the air during its flight. Said effect is advantageously
strengthened by a gas flow generator, in particular an air flow generator, for example a blower
(preferably an air compressor), being provided, said blower being arranged and designed in
such a manner that, for discharging the solid matter, it generates, inside the discharge
chamber, a relatively strong gas flow, in particular an air flow, which supports the drying of the
solid matter ejected from the drum. The air of the air flow may be cooled or heated to be
tempered. By heating the temperature in the discharge chamber may be in excess of 40°C or
even in excess of 60°C.

[0009] Thus, exiting the decanter centrifuge according to US2017/0182502A1 part of the solid
matter is discharged up-wards or horizontally outwards to impact the axial wall of the discharge
chamber before it drops down vertically and part of the solid matter is discharged downwards
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to drop down immediately. Hereby, the solid matter that has been dewatered in the decanter
centrifuge is partially dried before leaving the downwards open discharge chamber.

[0010] For some substances the drying provided for by the decanter centrifuge disclosed in
US2017/0182502A1 suffices before further treatment or storage of the solid matter or solid
phase. For other substances further drying is needed which may e.g. be carried out by means
of a ring dryer as described above.

[0011] It is an object of the present invention to provide a dryer and a method of drying that
provide for drying a liquid feed in to a powder in an effective manner.

[0012] This is obtained according to the invention by means of a dryer as mentioned by way of
introduction in which the feed inlet comprises a decanter centrifuge having an axis of rotation;
a first axial end; a second axial end; and a solid phase outlet at the first axial end as defined in
claim 1. Thus, by combining in a surprising manner two different technologies, namely
mechanical separation and proper drying technology, the present inventors have obtained an
apparatus giving the possibility of simplifying the drying process and eliminating traditional
multiple step dryers and back-mixing of product. The new apparatus further gives new
possibilities of controlling the drying process to improve product quality and provide for major
energy savings.

[0013] It should be that herein the term "drying air" refers to any gas that is suitable for drying
solid phase particles emerging from the solid phase outlet, including atmospheric air, possibly
conditioned in relation to moisture content and temperature.

[0014] In an embodiment, the drying chamber has a common drying chamber outlet for dried
powder and spend drying air, and a product conduit is connected to the common drying
chamber outlet for pneumatic conveyance of the dried powder through the product conduit.
Hereby is obtained that the entire amount of produced powder is transported in one stream
from the drying chamber. The dried powder may comprise dried as well as semi-dried particles
and drying of the particles may continue as long as the particles are suspended by the drying
air, i.e. the drying of the particles may continue outside the drying chamber.

[0015] In a further practical embodiment, the product conduit is connected to a separator for
separating the dried powder and the spend drying air.

[0016] In an embodiment, the air inlet is configured to provide a swirl of drying air inside the
drying chamber. Hereby an effective drying process in the drying chamber is facilitated.

[0017] The axis of rotation of the decanter centrifuge is vertical.

[0018] In a further embodiment, the bottom wall portion of the drying chamber is conical, e.g.
as it is known per se from spray dryers.
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[0019] The first axial end of the decanter centrifuge is positioned below the second axial end of
the decanter centrifuge, and in yet a further embodiment the decanter centrifuge is suspended
at an upper end of the drying chamber for the solid phase outlet to extend inside the drying
chamber. Hereby is obtained that the decanter centrifuge need not take up space inside the
drying chamber.

[0020] The object is further obtained by a method of drying a liquid feed into a powder using a
dryer according to the invention, including the steps of: separating a liquid feed into a solid
phase and a liquid phase in the decanter centrifuge; dispersing the solid phase directly into the
drying chamber from the solid phase outlet of the decanter centrifuge; letting drying air into the
drying chamber to mix with the dispersed solid phase thereby drying the dispersed solid phase;
and removing the dried solid phase from the drying chamber.

[0021] In an embodiment, the step of removing the dried solid phase from the drying chamber
includes pneumatically conveying the dried solid phase by means of the drying air, and in a
further embodiment the removed dried solid phase is conveyed to a separator for separation of
the dried solid phase from the pneumatically conveying drying air.

[0022] The invention will in the following be explained in further detail by way of non-limiting
examples having reference to the accompanying schematic drawings, in which

Fig. 1 shows a prior art ring dryer;

Fig 2 shows an example of a dryer comprising a decanter centrifuge with a horizontal axis of
rotation;

Fig. 3 shows a variant of the dryer shown in Fig. 2;

Fig. 4 shows a dryer according to the invention comprising a decanter centrifuge with a vertical
axis; and

Fig. 5 shows another example of a dryer comprising a decanter centrifuge with a vertical axis.

[0023] In the following different dryers are described with reference to the drawings and similar
features in the different dryers are designated by similar reference numerals.

[0024] Figs. 2 and 3 show, in two variants, a dryer 1 comprising a drying chamber 3 defined by
a chamber wall 5, which includes a bottom wall portion 7; a liquid feed inlet in the form of a
decanter centrifuge 9 for receiving a liquid feed 11 and dispersing dewatered, particulate feed
13 into the drying chamber 3; an air inlet 15 for entering drying air into the drying chamber;
and a drying chamber outlet 17 for out-letting in common dried powder and spend drying air
from the drying chamber 3. The decanter centrifuge 9 has a horizontal axis of rotation 19 and
for the sake of explanation it has a first axial end 21 and a second axial end 23. A solid phase
outlet dispersing in operation the particulate feed 13 is at the first axial end 21.
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[0025] A product conduit 25 is connected to the common drying chamber outlet 17 for
pneumatic conveyance of the dried powder through the product conduit 25 to a separator,
which in the present case is a cyclone 27. The dried powder may comprise dried as well as
semi-dried particles and drying of the particles may continue as long as the particles are
suspended by the drying air, i.e. the drying of the particles may continue outside the drying
chamber. Thus the drying process may continue in the product conduit 25 and in the cyclone
27 until the powder is eventually separated from the stream of drying air suspending and
conveying the powder through the product conduit 25 and into the cyclone 27.

[0026] An air heater 29 is provided for heating the drying air up-stream of the air inlet 15.

[0027] Centrally at the second axial end 23 the decanter centrifuge 9 comprises an inlet for the
liquid feed 11, and the decanter centrifuge 9 has a liquid phase outlet 30 at the second axial
end 23.

[0028] The drying chamber 3 is generally disk-shaped and co-axial with the decanter
centrifuge 9 and the drying chamber 3 has a circular, circumferential wall 31, a part of which
constitutes the bottom wall portion 7. The drying chamber 3 and the decanter centrifuge 9
being co-axial entails that the solid phase outlet of the decanter centrifuge 9 is positioned
centrally in the drying chamber 3. The air inlet 15 is connected tangential to the circumferential
wall 31 to introduce drying air into the drying chamber in an angular direction relative to the
axis of the drying chamber, and the drying chamber outlet 17 is correspondingly connected to
the circumferential wall 31 to exit the dried powder and spend drying air from the drying
chamber 3 in the same angular direction relative to the axis. Hereby is provided for the
formation of a swirl of the air inside the drying chamber 3 which effectively promotes the drying
of the particulate feed 13. Further, the configuration of the air inlet 15 and the drying chamber
outlet 17 facilitates pneumatic transport of the lot of dried powder out of the drying chamber 3.

[0029] The air inlet 15 and the drying chamber outlet 17 may be positioned axially askew, i.e.
at slightly different axial positions thereby further promoting the swirl of air inside the drying
chamber 3. Moreover, by positioning the air inlet 15 and the drying chamber outlet 17 axially
askew the particles or powder suspended in the air inside the drying chamber may be forced to
spirally circulate an extra 360° around the axis of rotation before leaving the drying chamber 3.

[0030] The cyclone 27 receives in operation spend drying air and dried powder from the drying
chamber outlet 17. The cyclone 27 separates in a manner known per se the spend drying air
33 and the dried powder 35. The spend drying air 33 may in part be recirculated to the air
heater 29 and the air inlet 15 as indicated by broken line 37, when the spend drying air 33 is
far from saturated by vapour of the liquid of the liquid feed. By recirculating part of the spend
drying air, which is still relatively hot compared to the air of the surroundings, energy for
heating the drying air in the air heater 29 before entering through the air inlet 15 may be
saved.
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[0031] As indicated by comparison of Fig. 2 and Fig. 3 the air inlet 15 and the drying chamber
outlet 17 may be positioned at different angular positions relative to the axis 19.

[0032] Figs. 4 and 5 show two different dryers 1' in which a decanter centrifuge 9' is arranged
for the axis of rotation 19' to be vertical. In both dryers 1' of Figs. 4 and 5 a drying chamber 3’
is generally formed like it is known per se from spray dryers, cf. the above mentioned
WO9104776A1, and thus the drying chamber 3' of both dryers comprise an upper cylindrical
part 41 and a lower conical part 43 the latter providing a bottom wall portion 7' of the drying
chamber 3'. At the top of the drying chamber 3' an air inlet 15' is comprising an air disperser
45, which is provided for even distribution of the drying air around the common axis 19’ of the
decanter centrifuge 9' and the drying chamber 3' and for providing a swirl of the in-flowing
drying air and thus of the drying air inside the drying chamber 3'. In the dryers shown an air
heater 29' is provided up-stream of the air disperser 45. A common drying chamber outlet 17
is provided at the lower end of the conical part 43 and a product conduit 25' connects the
drying chamber outlet 17' with a separator in the form of a cyclone 27'. In operation the
cyclone 27' separates dried powder 35' and spend drying air 33, and provisions can be made
for recycling a part of the spend drying air to the air heater 29' as indicated by a broken line
37', like in the dryer shown in Figs. 2 and 3.

[0033] In the dryer shown in Fig. 4, which is in accordance with the invention, the decanter
centrifuge 9' is suspended at the upper end of the drying chamber 3' with the solid phase outlet
provided at a first axial end 21' of the decanter centrifuge 9' extending into the drying chamber
3' for the decanter centrifuge 9' to disperse, from the solid phase outlet, particulate feed 13'
into the drying chamber 3', a second axial end 23' comprising a liquid phase outlet 30" of the
decanter centrifuge 9' being positioned above the first axial end 21'. Centrally at the second
axial end 23' the decanter centrifuge 9' comprises an inlet for liquid feed 11"

[0034] In the dryer shown in Fig. 5 the decanter centrifuge 9' is provided inside the drying
chamber 3' and has its first axial end 21" with the solid phase outlet positioned above the
second axial end 23" with the inlet for liquid feed 11' and the liquid phase outlet 30'. In this
dryer a partition 47 may be provided to provide a hollow chamber inside the drying chamber 3'
for accommodating the main part of the decanter centrifuge 9' to avoid that it is heated by hot
air in the drying chamber 3'.

[0035] For all of the above dryers 1, 1' the following continuous process may be conducted
using the dryer 1, 1".

[0036] A liquid feed 11, 11" is entered into the decanter centrifuge 9, 9' whereby a solid phase
of the liquid feed is separated from a liquid phase of the liquid feed, said liquid phase leaving
the decanter centrifuge 9, 9' through the liquid phase outlet 30, 30'. The solid phase is
dispersed from the solid phase outlet of the decanter centrifuge 9, 9' and since the bowl of the
decanter centrifuge 9, 9' including the solid phase outlet, as well known to the skilled person, is
spinning fast around the axis 19, 19' the solid phase is ejected as a particulate feed 13, 13'
comprising small particles of solid phase.
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[0037] The particulate feed 13, 13’ is thus dispersed into the drying chamber 3, 3' and into a
swirl of hot air in the drying chamber 3, 3', said hot air being introduced through the air inlet 15,
15' after being heated to a predetermined temperature in the air heater 29, 29'. By the
encounter with the hot air in the drying chamber 3, 3' the particulate feed 13, 13" is dried into
dried powder, which by pneumatic transport is carried through the drying chamber outlet 17,
17' by the now spend drying air, through the product conduit 25, 25' and into the cyclone 27,
27" where the dried powder 35, 35' is separated from the spend drying air 33, 33' to be let out
through respective outlets as indicated in the figures and as recognised by the skilled person.

[0038] The dried powder 35, 35' may be collected as product of the process.

[0039] Thus the apparatus, or dryer, and the method, or process, described above may be
utilised for providing a powder product of most different materials by adjusting process
parameters, such as temperature, etc. in accordance with the nature and character of the
liquid feed and its solid and liquid phases. Using a decanter centrifuge as feed inlet for a drying
process energy for evaporation of a large part of the liquid phase of the liquid feed may be
saved. Moreover, using a decanter centrifuge as feed inlet for a drying process thus letting the
solid phase outlet of the decanter centrifuge directly into the drying chamber a very gentle
treatment of solid particles may be obtained that may give improved product quality compared
to traditional drying processes.
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P ATENTI KR RAYV

1. Tarrer til torring af en flydende tilfgrsel (11') til et pulver (35'), omfattende

et tgrringskammer (3') defineret af en kammervaeg (5'), der indbefatter et bundvaegsparti (7'); et tilfgrsels-
indlgb til at modtage den flydende tilfgrsel (11') og at udsprede partikelformig tilfgrsel (13') ind i tgrringskammeret
(3"); mindst et luftindlgb (15') til indlgb af tgrringsluft ind i tgrringskammeret (3'); og mindst et tgrringskammerud-
Ipb (17') til terret pulver og/eller brugt tgrringsluft fra tgrringskammeret (3'), hvor tilfgrselsindlgbet omfatter en
decanter-centrifuge (9') med en lodret rotationsakse (19'); en fgrste aksial ende (21'); en anden aksial ende (23');
og et fastfaseudlgb ved den fgrste aksiale ende (21'), kend et e gn et ved, at den fgrste aksiale ende (21') af

decanter-centrifugen (9') er placeret under den anden aksial ende (23') af decanter-centrifugen.

2. Torrer ifglge kravl, ke ndetegn e tved, at tgrringskammeret har et falles tgrringskammerudigb (17')
til tgrret pulver og brugt terringsluft, og at en produktledning (25') er forbundet til det feelles tgrringskammerudigb

til at pneumatisk transportere det tgrrede pulver igennem produktledningen.

3. Torrer ifglge krav 2, ke n d e t e g n e t ved, at produktledningen (25') er forbundet med en separator

(27') til adskillelse af det tgrrede pulver (35') og den brugte tgrringsluft (33').

4. Tgrrer ifglge et hvilket som helst af kravene 1til 3, kend e tegnetved, at luftindlgbet (15') er konfi-

gureret til at tilvejebringe en hvirvel af tgrringsluft inde i tgrringskammeret (3').

5. Terrer ifglge et hvilket som helst af kravene 1til 4, ke nd et egn et ved, at bundvagspartiet (7') af

tgrringskammeret (3') er konisk.

6. Tarrer ifglge et hvilket som helst af kravene 1 til 5, kendetegnetved, at decanter-centrifugen (9°) er

ophangt i en gvre ende af tgrringskammeret (3’), for at lade fastfaseudlgbet straekke sig inde i t@rringskammeret

(3).

7. Fremgangsmade til tgrring af en flydende tilfgrsel til et pulver ved hjaelp af en tgrrer ifglge et hvilket som
helst af kravene 1 til 6, indbefattende trinnene:

at adskille den flydende tilfgrsel i en fast fase og en flydende fase i decanter-centrifugen (9');

at udsprede den faste fase direkte ind i tgrringskammeret (3') fra decanter-centrifugens fastfaseudlgb; at

lede tarringluft ind i t@rringskammeret for at blandes med den udspredte faste fase, hvorved den ud-
spredte faste fase tgrres; og

at fjerne den tgrrede faste fase fra tgrringskammeret.

8. Fremgangsmade ifglge krav 7, hvor trinnet, at fjerne den tgrrede faste fase fra tgrringskammeret (3')

indbefatter pneumatisk at transportere den tgrrede faste fase ved hjzelp af tarringsluften.

9. Fremgangsmade ifglge krav 8, hvor den fjernede tgrrede faste fase transporteres til en separator (27') for
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at adskille den tgrrede faste fase fra den pneumatisk transporterende tgrringsluft.
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Fig. 2
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