(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual P It
(19) World Intellectual Property A A 800 110 0 R A O A 0

Organization
International Bureau (10) International Publication Number

(43) International Publication Date WO 2021/106015 A1
03 June 2021 (03.06.2021) WIPQO | PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every

B01J 8/06 (2006.01) B01J 19/24 (2006.01) kind of national protection available). AE, AG, AL, AM,

BOI1F 11/00(2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(21) International Application Number: DZ. EC. EE. EG. ES. FI. GB. GD. GE, GH, GM. GT, HN,

£ LANZOZON 0985 HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

(22) International Filing Date: KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,
27 November 2020 (27.11.2020) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

. , NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

(25) Filing Language: Englsh SA. SC, SD, SE, SG, SK. SL, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English IR, TT, TZ, UA, UG, U5, UZ, VC, VN, WS, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
201911048743 28 November 2019 (28.11.2019) IN kind of regional protection available): ARIPO (BW, GH,

, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

DUSTRIAL RESEARCH [IN/IN]; Anusandhan Bhawan,

. _ . TM) European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
2 Raf1 Marg, New Delhi 110 001 (IN).

EE, ES, FIL, FR, GB, GR, HR, HU, IE, IS5, IT, LT, LU, LV,

(72) Inventors: KULKARNI, Amol Arvind; National Chemi- MC MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
cal Laboratory, Dr. Homi Bhabha Road, Pune 411008 (IN). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
SHARMA, Mrityunjay Keshavprasad; National Chemi- KM, ML, MR, NE, SN, TD, TG).

cal Laboratory, Dr.Homi Bhabha Road, Pune 411008 (IN).

(74) Agent: SINGH, Manisha, LexOrbis, 709-710 Tolstoy
House, 15-17 Tolstoy Marg, New Delhi 110001 (IN).

(54) Title: A CONTINUOUS FLOW REACTOR

(57) Abstract: A continuous flow reactor (101) without any moving parts to
>01 202 facilitate solid-liquid reaction without clogging 1s disclosed herein. It comprises
plurality of 1dentical cavities (102) in series/sequence, each cavity (102) being
provided with: a pair of inlets (201,202) at the top to allow entry of reactants
into the reactor (101); an outlet (203) at the bottom to allow the reactants to the
next cavity for mixing; and a jacket (103) covering around the cavities (102) to
provide heating or cooling effect as per the requirement. The outlet (203) of the
previous cavity (102) is inclined at a suitable angle relative to the outlet (203)
of the next cavity (102) to prevent clogging and facilitate efficient mixing of
the reactants.

—
-
-

X Vm orrenierrrrarry
e

101

w0 2021/106015 A 1 UL HAP D0 0 D A 0 00 0

[Continued on next page/



WO 20217106015 A1 {}f 1R 0KYH YA PN A0 A A R

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report (Art. 21(3))

— in black and white; the international application as filed
contained color or greyscale and is available for download

from PATENTSCOPE



10

15

20

25

30

WO 2021/106015 PCT/IN2020/050984

A CONTINUOUS FLOW REACTOR

FIELD OF THE INVENTION

The present invention relates to a continuous flow reactor without any moving parts that can
handle liquid-solid suspension. Particularly, the present invention relates to a reactor for solid
flow operations viz. for reactions involving solids as reactants, products or by products or as
a catalyst. More particularly, the present invention relates to the jacketed solid flow reactor
for heat transfer with unique geometry for reactions where solids are involved either as
reactants, as a catalyst generated during the reaction as a product, by product, intermediate or

for solid processing operations.

BACKGROUND OF THE INVENTION

Advent of flow reactors has revolutionized the ways of carrying out process chemistry
research in the last two decades. A large number of important reactions which otherwise
could not have been carried out in an effective manner can now be easily carried out in flow
reactors by virtue of their improved mixing, heat transfer and mass transfer characteristics.
Many flow reactors are being widely used, and their scaled-up versions are available in a
variety of materials viz. metals, polymers, ceramic, and glass. The metallic flow reactors not
only offer high heat transfer area per unit volume, small mixing lengths, high mass transfer
rates (depending upon the channel geometry), but also give a very strong and robust option
for process development from the laboratory scale to the commercial scales. There 1s ample
literature available on continuous flow reactors.

Reference may be made to a patent application US20140255265A1, wherein 1t discloses
continuous flow reactor composed of varied permutations and combinations of a plurality of
modular/tfluidic components for chemical processing. The components are connected to each
other using connectors that facilitate the connection of either with two or more, similar or
different components.

Reference may be made to a patent application WO2017106916A1, wherein 1t discloses a
static mixer element configured as a module for a continuous flow chemical reactor chamber,
wherein the static mixer element comprises a catalytically active scatfold defining a plurality
of passages configured for mixing one or more fluidic reactants during flow and reaction
thereof through the mixer, and wherein at least a portion of a surface of the scaffold

comprises a catalytic material for providing the surface with catalytically reactive sites.
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Reference may be made to a patent application US20100065512A1, wherein 1t discloses a
reactor which comprises at least one chamber, and where the chamber 1s fitted with a number
of inlets and a number of outlets for supply of reactants and outflow of products, respectively,
and where an oscillator 1s arranged in the longitudinal direction of the chamber, so that an
annular reaction room 1s created for conversion of chemical reactants, between the outer
surface of the oscillator and the internal surface of the chamber, and where a number of discs
with perforations are arranged mutually spaced apart on the oscillator, and where the
oscillator 1s 1n connection to a motor that forces, 1n relation to the at least one chamber, a
pulsating forward and backward movement of the oscillator.

However, while available tflow reactors are robust, they are not useful for carrying out large
number of important reactions where solids are involved either as reactant, product, by
product or any intermediates generated during the reaction which limits the extent to which
these flow reactors are being utilized. The problems of handling solids in flow may be
overcome by use of reactor presented in the proposed invention.

Reference may be made to a Granted US Patent No. 8828337 attempts to address several
problems associated with the existing microreactors, including clogging of the reactor.
US’337 addresses these problems by proposing different geometries for cavities. The cavities
employed 1n the said microreactor may be one or more. In case of plurality of cavities, all the
cavities are 1dentical. One of the approach at a variation for the base area of the cavities
proceeds from one extreme of a square base area and, by increasing the number of corners,
approaches the other extreme of a round base area. It 1s therefore proposed in US 337 that the
cross-section should comprise more than four corners. The construction-relevant length of the
base side of a polygon can also be calculated, with a given area of 112.16 mm2, by the
construction of a triangle between a base side and two adjacent radu of the polygon. It 1s
therefore alternatively proposed in US’337 that the cross-section should comprise less than
four corners. In the second approach at a variation, again proceeding from a square, the
transition to the circular base area was achieved by the construction of circles with increasing
radius 1n the corners of the square. The magnitudes of the radius of the corner circle, as well
as the remaining straight line of the imitial square, are of relevance for the construction. It 1s
advantageous 1f the cavity diverges from the shape of a polygon. The mixing in US’337 1s
achieved by shaking of the device. Further the cavities do not have any inlet and outlet ports.
Reference may be made to a patent application WO2013050764A1 , wherein 1t discloses flow
reactor that 1s modular, scalable and reconfigurable. The reactor comprises of any number of

standard sections that, once assembled together, combine 1into a continuous flow chemical
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reactor system of a desired length. A section comprises a number of conduits, the diameters
of which could vary, that once assembled together form a reactor vessel. In addition, a section
comprises additional conduits for allowing flow of heating or cooling fluid.

Reference may be made to a patent application WO2017106916A1, wherein 1t discloses a
static mixer element configured as a module for a continuous flow chemical reactor chamber,
wherein the static mixer element comprises a catalytically active scatfold defining a plurality
of passages configured for mixing one or more fluidic reactants during flow and reaction
thereof through the mixer, and wherein at least a portion of a surface of the scatfold
comprises a catalytic material for providing the surface with catalytically reactive sites.
Reference may be made to a patent application US20100065512A1, wherein itdiscloses a
reactor which comprises at least one chamber, and where the chamber 1s fitted with a number
of inlets and a number of outlets for the supply of reactants and outflow of products,
respectively, and where an oscillator 1s arranged 1n the longitudinal direction of the chamber,
so that an annular reaction room 1s created for conversion of chemical reactants, between the
outer surface of the oscillator and the internal surface of the chamber, and where a number of
discs with perforations are arranged mutually spaced apart on the oscillator, and where the
oscillator 1s 1n connection to a motor that forces, 1n relation to the at least one chamber, a
pulsating forward and backward movement of the oscillator.

There are reactors available for handling solids during the reactions 1in flow but their usability
1s restricted to limited concentrations of solids, nature of solids and they involve moving parts
which needs to be reassembled and need external source of energy (ultrasound, vibration etc.)
during processing/reaction to have solids remain suspended. Though these reactors solve the
problem of solids to some extent, problems remain since they can process solids of very low
concentration only inside the system, flow of sticky solids are very difficult as the flow 1n
these reactors are 1n the upward direction, these reactors involve moving parts which makes
them vulnerable for wear and tear which require good maintenance. The problem of handling
solids 1n continuous flow persisted for quite some time since many reactions in pharma,
specialty chemicals, fine chemical involve solids reactants (which are mostly not soluble 1n
the solvent or not soluble 1n solvents/reaction media at desired concentration) which brings
out the need for the reactor which can offer the advantage of flow technology with the ability
to handle the solids for the wide range of concentrations and for the variety of solid types. To
overcome the drawbacks of available reactors in the art, the present invention discloses a

novel reactor for handling the solids in flow for wide range of solid concentrations and solid
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types 1n reaction media, which does not have any moving parts and possess the advantages of

the flow technology.

OBJECTIVE OF THE INVENTION

The primary object of the present invention 1s to provide a continuous flow reactor for
handling solid liquid reaction 1n a continuous flow operation/reaction.

Another object of the present invention 1s to provide a continuous flow reactor and a solid
flow reactor without any moving parts, which can be operated at wide range of solid
concentration and for a wide variety of solid types at varied temperature range and pressure.
Yet another object of the present invention 1s to provide a continuous flow reactor, and a
solid flow reactor thereof, with unique geometry and with the cavities of the reactor inclined
at a suitable angle relative to the next cavity such that it prevents clogging and facilitates
efficient mixing of the reactants.

Another object of the present invention 1s to provide a continuous flow reactor, and a solid
flow reactor thereof, which can be used for reactions which involve solids as reactants,
reagents, products, by products or involve any intermediate which gets generated in the
reaction or as catalyst or for solid processing operations like crystallization, dissolution,
precipitation, extraction etc. which involve solid solutions/suspension without any reactions.
To accomplish the objectives, the present invention provide a novel reactor without any
moving parts with a unique geometry and angle for handling solids in continuous flow
operations/reactions with good mixing, high throughput, better heat exchange and good

temperature control.

SUMMARY OF THE INVENTION
Accordingly, the present invention relates to a solid continuous flow reactor assembly [100,
Fig. 1] to facilitate solid-liquid suspension without clogging comprising of:

a. aflowreactor [101, Fig. 1];

b. apair of inlets [201,202, F1g. 1] at the top side of the reactor [101];

c. an outlet [203, F1g. 1] at a bottom side of the reactor [101];

d. 1dentical cavities [102, Fig. 1] arranged 1n series/sequence 1nside the

reactor[101];

e. ajacket [103, Fig. 1] covering inside of the assembly [100].
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In an embodiment of the present invention, the numbers of cavities [102] arranged are at
least two and maximum of 20.

In another embodiment of the present invention, the first cavity has two inlets and one outlet
which open 1nto the next cavity.

In yet another embodiment of the present invention, the angle between inlet and outlet port of
the each cavity is in the range of 30°-180°.

In yet another embodiment of the present invention, the distance of outlet of each cavity from
central axis of the flow reactor [101] 1s in the range of 0.4- 0.8 of the radius.

In yet another embodiment of the present invention, the bottom surface of each of the cavities
[103] 1s selected from hemisphere, flat circular or an asymmetric conical.

In yet another embodiment of the present invention, the jacket [103] having an inlet [104,
Fig. 1] close to the outlet [203] and an outlet [105, Fig. 1] close to the pair of inlets [201,202].
In yet another embodiment of the present invention, the flow reactor [101] 1s operated at
variable flow rates with solid concentration of 10% - 30% to have the different operational
throughput.

In yet another embodiment of the present invention, the flow reactor [101] 1s adapted to
withstand pressure ranging from atmospheric pressure to 100 bar and temperature ranging
from -20°C to 180°C.

BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

Figure 1 depicts the solid flow reactor assembly (100), which includes the continuous flow

reactor (101) having individual cavities (102) are assembled 1n series, and are covered with

jacket (103) in the shell with at least a pair of inlets (201,202) and at least one outlet (203).

Figure 2 depicts the cavities (102) are assembled such that the outlet (203) of each cavity
(102) 1s at making an angle (30°, 90°, 180°) from the previous outlet and to the next outlet.
Figure 3 depicts the distance of outlet (203) of individual cavity (102) from the central axis
of the reactor which can remain same throughout the arrangement or 1s varied (Rd = 0.4R to
0.8R).

Figure 4 depicts the bottom side of the individual cavities (102), which may be of any shape
to have easy flow of solids 1nside the reactor.

Figure S depicts the shape of the outlet 1n the individual cavities (DH = 0.02D to 0.1D).

Figure 6 depicts the arrangement of cavities (102) with varying outlet diameter.
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DETAILED DESCRIPTION OF THE INVENTION

Accordingly, the present invention discloses a continuous flow reactor without any moving
parts to facilitate solid-liquid reaction without clogging. The continuous flow reactor
comprises plurality of i1dentical cavities 1n series/sequence. Each cavity 1s provided with a
pair of inlets at the top to allow entry of reactants into the reactor; an outlet at the bottom to
allow the reactants to the next cavity for mixing; and a jacket covering around the cavities to
provide heating or cooling effect as per the requirement. Particularly, the continuous flow
reactor of the present invention has a provision such that the outlet of the previous cavity 1s
inclined at a suitable angle relative to the outlet of the next cavity that prevents clogging and
facilitates efficient mixing of the reactants.

In an embodiment, the continuous flow reactor comprises of number of uniquely designed
1dentical cavities which are connected 1n series, wherein the numbers of cavities can be
varied to suit the required reactor volume.

In the preferred embodiment, the angle between the outlets of the previous cavity and the
next cavity is around 30° - “180" to facilitate efficient mixing of solid particles and liquid.
The individual cavities are covered in jacket to have the heat transfer area for heating or
cooling the reactor for reactions/solid flow operations. In alternate embodiment, entire
continuous flow reactor 1s covered with the jacket.

Another embodiment of the present invention provides a continuous flow reactor, wherein
said reactor 1s adapted to withstand pressure ranging from atmospheric pressure to 100 bar
and temperature ranging from -20°C to 180°C.

Yet another embodiment of the present invention provides a continuous flow reactor where
individual cavities are arranged such that to provide different angular flow path to the
solution/reaction medium 1n operation from inlet to the outlet of the reactor. The inlet and
outlet of the cavities may be coaxial or otherwise.

In another embodiment of the present invention, the continuous flow reactor 1s operated at
difterent flow rates with wide range of solid concentration of 10% - 30% to have the different
operational throughput.

In another embodiment, the continuous flow reactor geometry 1s designed with the different
internal diameter and outlet diameter of the cavities.

In yet another embodiment, the continuous flow reactor 1s connected 1in-line with the previous
reaction/operation step where reaction mixture/output from previous step 1s used as input/

reactant in the continuous flow reactor.
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In yet another embodiment, the continuous flow reactor 1s connected in-line with the next
reaction/operation step where reaction mixture/output from solid flow reactor 1s used as
1input/ reactant for the next step.

In yet another embodiment of the present invention, the direction of the outlet of the cavities
and the shape of the bottom of the cavities of the continuous flow reactor 1s variable to suit
the requirement.

The continuous flow reactor 1s built-in a reactor assembly or 1s assembled 1nto a reactor
assembly.

In yet another embodiment, the present invention further provides a solid flow reactor
assembly that includes the continuous flow reactor without any moving part to facilitate
solid-liquid reaction without clogging. The solid flow reactor comprises plurality of 1dentical
cavities 1n series/sequence. Each cavity 1s provided with a pair of inlets at the top to allow
entry of reactants into the reactor; an outlet at the bottom to allow the reactants to the next
cavity for mixing; and a jacket covering around the cavities to provide heating or cooling
effect as per the requirement. Particularly, the solid flow reactor of the present invention has
a provision such that the outlet of the previous cavity 1s inclined at a suitable angle relative to
the outlet of the next cavity that prevents clogging and facilitates efficient mixing of the
reactants. In the said embodiment, the angle between the outlets of the previous cavity and
the next cavity is around 30” - 180"

In order to overcome the drawbacks of the existing reactors 1n the art, the present invention
disclose the continuous flow reactor for handling solid-liquid reaction 1n continuous flow
operations/reactions without any moving parts. The presented continuous flow reactor and
solid flow reactor assembly thereof allows user to carry out reaction which involve solids,
which are not soluble 1n the reaction medium, or soluble 1n reaction medium but not soluble
at desired concentration, easily settling solids, solids which gets generated during the
reaction, reaction where reactant, product, by-product or any intermediate which 1s solid and
not soluble 1n reaction medium at reaction conditions or partially soluble or reaction where
solid 1s a catalyst) in continuous flow at wide range of throughput with wide varnation in the
solid concentrations at variety of parameters. Also, present invention discloses continuous
flow reactor and the solid flow reactor thereof which does not have any moving parts which
1n terms requires very low maintenance, current art do not offer all these advantages.

The present invention discloses the novel continuous flow reactor and solid flow reactor
assembly thereof, which retains the benefits of continuous flow technology with high

throughput and solid handling capacity in flow. This reactor may be assembled 1n line with



10

15

20

25

30

WO 2021/106015 PCT/IN2020/050984

the existing processes or alternately may be used as standalone unit to carry out the reaction
or for solid processing operations. The present invention provides the unique advantage 1n
terms of internal structure which allows the flow of solids at very high throughput and
concentration without any blockage and further provides efficient mixing for reactions. The
continuous flow reactor without any moving parts eliminates most of disadvantages of the
current state of art where solid handling capacities are very low.

The most preferred embodiment may be comprehended by referring to figures appended at
the end of the specifications. Referring to Fig 1 — 6, the present i1nvention provides
continuous flow reactor (101) without any moving parts to facilitate solid-liquid reaction
without clogging. The continuous flow reactor (101) comprises plurality of identical cavities
(102) 1n series/sequence, each cavity (102) being provided with a pair of inlets (201,202) at
the top to allow entry of reactants into the reactor (101); an outlet (203) at the bottom to allow
the reactants to the next cavity for mixing; and a jacket (103) covering around the cavities
(102) to provide heating or cooling effect as per the requirement. The outlet (203) of the
previous cavity (102) 1s inclined at a suitable angle relative to the outlet (203) of the next
cavity (102) to prevent clogging and efficient mixing of the reactants.

In a preferred embodiment, the angle 1s selected between the outlets of the previous cavity
and the next cavity is in the range 30° — 180°. In the same embodiment, wherein the jacket
(103) 1s provided with an inlet (104) close to the outlet (203) and an outlet (105) close to the
inlet (201,202) to facilitate heat exchange 1n the reactor (101). The continuous flow reactor
(101) 1s operated at variable flow rates with solid concentration of 10% - 30% to have the
different operational throughput, and 1s adapted to withstand atmospheric pressure and
temperature ranging from -20°C to 180°C.

The present invention further provides a solid flow reactor assembly (100) that includes the
continuous flow reactor (101).

As 1llustrated 1n Fig. 1 depicts the solid flow reactor assembly (100) comprising 1dentical
cavities (102) with unique geometry, assembled 1n series/sequence to provide the mixing and
easy flow of solids inside the reactor. The reactor of the present invention does not contain
any moving parts. The assembly 1s covered inside the jacket (103) to provide the cooling or
heating 1n case of exothermic or endothermic reaction. The reactor 1s provided with at least a
pair of inlets [201,202] at a top side of the reactor. However, the number of inlets may vary
based on the process requirement. The reactor 1s further provided with at least one outlet

[203] at a bottom side of the assembly.
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The reactor according to the present invention 1s connected at the inlet of the next step or at
the outlet of the previous step 1in the continuous multistep operation. The 1nlet and the outlet
of each of the cavity may be coaxial or otherwise.

Accordingly, in one embodiment, the continuous flow reactor can be connected 1n-line with
the next reaction/operation step where reaction mixture/output from solid flow reactor 1s used
as 1nput/ reactant for the next step.

In an alternate embodiment, the continuous flow reactor can be connected in-line with the
previous reaction/operation step where reaction mixture/output from previous step 1s used as
1input/ reactant in the solid flow reactor.

In an embodiment, the invention provides the continuous flow reactor having unique
geometry with number of identical cavities, assembled 1n series to have desired reactor
volume.

In yet another embodiment, the present invention provides a continuous flow reactor where
individual cavities are arranged so as to provide different angular flow path to the
solution/reaction medium 1n operation from inlet to the outlet of the reactor. This aspect of
the invention 1s illustrated 1n Fig. 2 wherein, the cavities are arranged such that the outlet of
each cavity 1s at a particular angle from the previous outlet and to the next outlet. Figure 2
demonstrates three of such angles 30°, 90° & 180°.

In another embodiment, the continuous flow reactor geometry may have different internal
diameter and outlet diameter of the cavities. The internal diameter of the cavity and the outlet
diameter of the cavity (102) may be varied to suit the process requirement. Further, the
cavities 1n the solid reactor may be arranged with varying outlet diameter, as depicted 1in Fig.
6.

In yet another embodiment, the direction of the outlet of the cavities and the shape of the
bottom of the cavities (102) in the flow reactor may be changed to suit the process
requirements.

The distance of cavity outlet in each cavity from the central axis may be varied along the
assembly of the cavities, as illustrated in Fig. 3. The distance of outlet of individual cavity
from the central axis of the reactor may be varied in the range of 0.4 - 0.8 of the radius. In an
embodiment, the distance of outlet of individual cavity from the central axis of the reactor
may remain constant.

The shape of the bottom of each cavity may be of any shape as illustrated 1n the figure 4 or of

any random shape as illustrated in figure 5 for smooth flow of solids. In an embodiment, the



10

15

20

25

30

WO 2021/106015 PCT/IN2020/050984

shape may be selected from hemisphere, flat circular or an asymmetric conical shape and
such.

In another embodiment of the present invention provides a continuous flow reactor, wherein
said reactor can withstand the temperature ranging from -20°C to 180°C and the pressure
ranging from atmospheric pressure to 100 bar.

In another embodiment of the present invention, continuous flow reactor may be operated at
different flow rates with wide range of solid concentration ranging from 10% - 30% to have
different operational throughput.

The solid flow reactor according to the present invention can be used for continuous flow
operations like crystallization, dissolution, precipitation, extraction etc. which involve solid
solutions/suspension without any reactions.

The solid flow reactor as described 1n the invention allows user to carry out reaction which
involve solids 1n continuous flow at wide range of throughput with wide variation 1n the solid
concentrations at variety of parameters.

The solid flow reactor according to the invention may be constructed using variety of
materials e.g. metal, hard polymers, ceramic and alloys, etc. that can withstand high
temperature reactions and pressure ranges

According to an embodiment, the solid flow reactor can be used as standalone unit to carry
out the reaction or for solid processing operations and further requires very low maintenance
cost as 1t does not have any moving parts.

Other features and embodiments of the invention will become apparent by. Various changes

and modifications to the disclosed embodiments will be apparent to those skilled 1n the art.

EXAMPLES
The following examples which are given for illustration of the invention rather than limiting

1ts intended scope

Example 1:
Experiments were carried out by pumping slurry of Glass particles of 250 um diameter
having density of 2500 kg/m3 1n a straight tube (2 mm 1nner diameter) of 1 m length. The

mass fraction of solids was 25% (w/w) and the tflow rate of the slurry was kept at 20 ml/min.

The tube was found to get clogged after 150 s.

10
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Example 2:

Experiments were carried out by pumping slurry of Glass particles of 250 um diameter
having density of 2500 kg/m’ in a straight tube (2 mm inner diameter) of 1 m length. The
mass fraction of solids was 25% (w/w) and the flow rate of the slurry was kept at 125 ml/min.
The flow rates were very high and the connections to the tube inlet simply got disconnected

due to sudden rise in the pressure drop.

Example 3:

Experiments were carried out by pumping slurry of Glass particles of 250 pum diameter
having density of 2500 kg/m’ in the flow reactor with 8 cavities given in this invention. The
first cavity has two inlets and one outlet. The outlet opens in the next cavity. The angle
between the inlet and outlet ports with reference to the line centre line was 180" in all the
cavities. Each cavity has a diameter of 10 mm, height of 15 mm and the 1nlet/outlet port sizes
were 2 mm. The mass fraction of solids was 25% (w/w) and the flow rate of the slurry was
kept at 125 ml/min. The reactor did not clog even after pumping the slurry through 1t for 4

hours.

Example 4

For the experimental set-up given 1n Example 3, experiments were carried out at identical
conditions 1n a reactor where the angle between the inlet and outlet ports with reference to the
line centre line was 90° in all the cavities. The reactor did not clog even after pumping the

slurry through 1t for 4 hours.

Example 3:
For the experimental set-up given in Example 4, experiments were carried out by pumping
slurry of magnesium hydroxide particles of 150 um diameter having density of 2340 kg/m3.

The mass fraction of solids was 25% (w/w) and the flow rate of the slurry was kept at 70

ml/min. The reactor did not clog even after pumping the slurry through it for 4 hours.

Example 6:
Experiments were carried out by pumping slurry of activated carbon particles of 10 um

diameter having density of 2100 kg/m3 in the flow reactor with 8 cavities given 1n this

invention. The first cavity has two inlets and one outlet. The outlet opens 1n the next cavity.

11
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The angle between the inlet and outlet ports with reference to the line centre line was 180" in
all the cavities. Each cavity has a diameter of 10 mm, height of 15 mm and the 1nlet/outlet
port sizes were 2 mm. The mass fraction of solids was 15% (w/w) and the flow rate of the
slurry was kept at 75 ml/min. The reactor did not clog even after pumping the slurry through

it for 4 hours.

Example 7

Experiments were carried out by pumping slurry of starch particles of 1.1 mm diameter
having density of 820 kg/m3 1n the flow reactor in Example 6. The mass fraction of solids
was 8% (w/w) and the flow rate of the slurry was kept at 75 ml/min. The reactor did not clog

even after pumping the slurry through it for 4 hours.

Example 7

Experiments were carried out by pumping slurry of crushed starch particles of 500 um
diameter having density of 820 kg/m3 1n the flow reactor in Example 6. The mass fraction of
solids was 10% (w/w) and the flow rate of the slurry was kept at 75 ml/min. Silicone tube
(2.5 mm 1.d.) connecting the reactor with pump was seen to get clogged after 6 minutes.
Example 8:

Experiments were carried out by pumping slurry of crushed starch particles of 500 um
diameter having density of 820 kg/m3 1n the flow reactor in Example 6. Silicone tube (4 mm

1.d.) connecting the reactor with pump worked without clogging for 1 hour.

Example 9:

Experiments were carried out by pumping slurry of crushed starch particles of 500 um
diameter having density of 820 kg/m3 in the reactor in Example 6. The mass fraction of
solids was 10% (w/w) and the flow rate of the slurry was kept at 75 ml/min. Upon using
silicone tube (4 mm 1.d.) connecting the reactor with pump the reactor did not clog until the

silicone tube got clogged after 1 hour.

Example 10:

Experiments were carried out by precipitating a-naphthol from aqueous NaOH solution 1n the
flow reactor in Example 6. 20.4 g a-naphthol was dissolved in 2.5% (wt./vol.) NaOH solution
(Solution A). This prepared solution was used for the all the experiments. 65 ml of 35% HCI
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was dissolved 1in 500 ml water (Solution B) and this solution was used for neutralization of
above prepared a-naphthol solution. Solution A was pumped from one inlet at a flow rate of
23 ml/min and Solution B from another inlet at a flow rate of 26 ml/min. The reactor was
operated for 1 hour. Residence time 1n the reactor was 28 s. Sample was collected over filter

paper for 180 s. This led to formation of 7 gm of solid particles.

Example 11:

For the conditions in Example 10, experiments were carried out in the flow reactor in
Example 6 where Solution A was pumped from one inlet at a flow rate of 85 ml/min and
Solution B from another inlet at a flow rate of 88 ml/min. The reactor was operated for 1 hour
without any clogging. Residence time 1n the reactor was 8 s. Sample was collected over filter

paper for 30 s. This led to formation of 5 gm of solid particles.

Example 12:

Experiments were carried out by precipitating a-naphthol from aqueous NaOH solution 1n the
flow reactor in Example 6. 40 g a-naphthol was dissolved 1n 5% (wt./vol.) NaOH solution.
This prepared solution was used for the all the experiments. 65 ml of 35% HCI was dissolved
1in 500 ml water (Solution B) and this solution was used for neutralization of above prepared
a-naphthol solution. Solution A was pumped from one inlet at a flow rate of 85 ml/min and
Solution B from another inlet at a flow rate of 88 ml/min. The reactor was operated for 1
hour. Residence time 1n the reactor was 8 s. Sample was collected over filter paper for 30 s.

This led to formation of 17 gm of solid particles.

Example 13:

Experiments were carried out by precipitating a-naphthol from aqueous NaOH solution 1n the
flow reactor in Example 6. 80 g a-naphthol was dissolved 1n 5% (wt./vol.) NaOH solution
(Solution A). This prepared solution was used for the all the experiments. 65 ml of 35% HCI
was dissolved 1n 500 ml water (Solution B) and this solution was used for neutralization of
above prepared a-naphthol solution. Solution A was pumped from one inlet at a flow rate of
85 ml/min and Solution B from another inlet at a flow rate of 88 ml/min. The reactor was
operated for 1 hour. Residence time in the reactor was 8 s. Sample was collected over filter

paper for 30 s. This led to formation of 17 gm of solid particles.
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ADVANTAGES

The typical reactors for handling solids contain moving parts or any external source of
energy to make solids suspended 1n solution and work with very low throughput and
solid loading capacities. The present invention does not have any moving parts and

can be used for high throughput and high solid loading capacity.

The reactor of the present invention can be used at high temperature and variety of
solid suspension. The volume of the reactor can be varied easily just by varying the

number of cavities.
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Claims:

1.

A solid contmmuous flow reactor assembly [100] to facilitate a solid-liquid suspension without
clogging comprising of:

a. a flow reactor [101.,];

b. a pair of mlets [201,202,] at a top side of the reactor [101];

c. an outlet [203,] at a bottom side of the reactor [101]:

d. 1identical cavities [102,] arranged 1n series/sequence nside the reactor[ 101];

¢. ajacket [103,] covering inside of the assembly [100].

The continuous flow reactor as claimed in claim 1, wherein the numbers of cavities [102]
arranged are at least two and maximum of 20.

The continuous flow reactor as claimed 1n claim 2, wherein the first cavity has at least two 1nlets
and one outlet which opens into the next cavity.

The continuous flow reactor as claimed 1n claim 3, wherein the angle between inlet and outlet
port of the each cavity 1s in the range of 30°-180°.

The continuous flow reactor as claimed 1n claim 2, wherein the distance of outlet of each cavity
from central axis of the flow reactor [101] 1s 1n the range of 0.4- 0.8 of the radius.

The continuous flow reactor as claimed 1in claim 1, wherein the bottom surface of each of the
cavities | 103] 1s selected from hemisphere, tlat circular or an asymmetric conical.

The continuous flow reactor as claimed 1n claim 1, wherein the jacket [103] having an inlet [104,
Fig. 1] close to the outlet [203] and an outlet [ 103,] close to the pair of inlets [201,202].

The continuous flow reactor as claimed 1n claim 1, wherein the flow reactor [101] 1s operated at
variable flow rates with solid concentration of 10% - 30% to have the different operational
throughput.

The contmuous flow reactor as claimed 1n claim 1, wherein the flow reactor [101] 1s adapted to

withstand pressure ranging from atmospheric pressure to 100 bar and temperature ranging from -

20°C to 180°C.
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