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Title: “Heat exchange unit, in particular for isothermal
reactors”

kk kk kk ok
DESCRIPTION

Field of application

The present invention, in its most general aspect, reférs
to a reactor for carrying out exothermal or endothermic
chemical reactions, of the type comprising a substantially
cylindrical shell which is closed at the opposite ends by
respective bottoms, a reaction zone in said shell wherein a
catalytic bed is positioned, and a heat exchange unit
immersed in said catalytic bed.

In the following of the description and in the subséquent
claims, by the term: "isothermal reactor", it is intended
to mean, generally, a reactor of the type mentioned above
wherein the reaction temperature is held close to a
predetermined value or to a pattern of values, through an
appropriate and continuous heat exchange carried out in the
catalytic bed.

More in particular, the present invention refers to a heat
exchange unit for isothermal reactors of the type
considered here, comprising substantially box-shaped heat
exchange elements or plate heat-exchangers, inside wgich is
defined a chamber in communication with the outside through
at least two tubular fittings, for the inlet and outlet of
an operating heat exchange fluid, respectively.

Prior art

Generally, with the purpose of promoting the kinetics of a
predetermined chemical reaction, both exothermal and
endothermic, carried out in an isothermal reactor, the
operating fluid used in the exchange unit of said reactor
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consists of a suitable and controlled flow of the reactant
gases fed to the reactor itself. These gases, indeed,
flowing across the respective heat exchange unit, in co-
current or counter-current with the reaction products, take
in or give off heat to the reaction environment (catalytic
bed), shifting the reaction itself towards its completion.
Moreover, at the outlet of said heat exchange unit, the
reactant gases are fed directly to the catalytic bed at a
thermodynamically favourable temperature for the start.of
the reaction; from this point of wview, they can be
considered thermally conditioned.

For the aforementioned reasons, although not only for
these, the prevalent and constant teaching of the prior art
for heat exchange units that use plate heat exchangers is
that of equipping said exchangers with respective fittings
for the inlet and outlet of the operating £luid, which are
positioned on opposite sides thereof.

Although advantageous for many aspects, heat exchangers
thus equipped have a recognized technical drawback,
basically due to the fact that the operating £luid intended
to be used in them can only consist of the flow of reactant
gases fed to the reactor. A drawback which is clearly seen
when the exchanger is ‘rectangular" and is arranged with
the long sides parallel to the axis of the reactor and when
the reaction is of the exothermal type.

~

Indeed, heat exchangers, immersed in the catalytic bed, a;e
subject to a thermal expansion, which, generally, 1is
different to that of the reactor shell. The consequent
different axial lengthening leads to a substantial
"shifting" of the exchanger with respect to the shell, a
shifting which can be detected above all at its upper and
lower sides. It is precisely at these sides of the
exchanger that open out the ducts for the inlet and outlet
of the operating fluid, respectively.
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In particular, using an operating fluid other than the
reactant gases, e.g. (boiling) water, a diathermal liquid,
or else melted salts and the like, both the inlet and the
outlet ducts must have the opposite ends fastened to the
shell and the exchanger, respectively. Ends that are thus
subjected to different "shifts" due to the different
thermal expansions, which are difficult to compensate for
and, as such, are particularly harmful to the entire
structure of the heat exchange unit. |

Summary of the invention

The problem underlying the present invention is that of
providing a heat exchange unit for isothermal reactors
having structural and functional features such that the
drawback mentioned above with reference to the prior art is
completely overcome and at the same time allowing the use
of operating fluids consisting of reactant gases fed to the
reactor or of £fluids different to such gases, such as
boiling water, melted salts, etc.

This problem is solved according to the invention by a heat
exchange unit for isothermal reactors, comprising a
plurality of substantially box-shaped plate exchangers,
inside which is defined a chamber intended to have an
operating heat exchange fluid flowing through it and
equipped with tubular fittings for the inlet and outlet of
said fluid in and from said chamber, characterized in that
at least one of said exchangers is internally equipped with
a partition baffle, extending from one side of said
exchanger towards a side opposite to it and from which said
partition baffle is kept at a predetermined distance, said
partition baffle defining in said chamber a substantially
U-shaped fluid path with ascending and descending parts,
respectively, in communication with the outside of the
exchanger through said tubular fittings.

The advantages and the features of a heat exchange unit
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according to the invention will become clearer from the
following description of an indicative and non-limiting
embodiment thereof, given hereafter with reference to the
attached drawings.

Brief description of the drawings

Fig. 1 shows schematically, in perspective and in partial
section an isothermal reactor using a heat exchange unit
according to the invention;

Fig. 2 shows an enlarged detail of the heat exchange unit
of fig. 1;

Fig. 3 shows a section made along line III-III of fig. 2;
and

Fig. 4 shows an alternative embodiment of the detail of
fig. 2.

Detailed description

With reference to figure 1, with 1 is indicated - as a
whole - an isothermal reactor comprising a cylindrical
shell 2, with a vertical axis, closed at the opposite ends
by an upper 4 and a lower 3 bottom, respectively. The
bottoms 4, 3, are conventionally equipped with passages 6
and 8 for the introduction of reactants and the discharge
of reaction products, in and from said isothermal reactor
1, respectively, as well as with a manhole 5 and a passage
7 for the catalyst discharge.

In the shell 2 is defined a reaction zone or environment 9,
conventionally comprised between a metallic "cartridge" 10
and a central duct 12, extending at the axis of the shell
itself. The cartridge 10 is cylindrical and coaxial to said
shell 2, defining together with it a space 11 of reduced
width. The cylindrical cartridge 10 is perforated to allow
the passage of reactant gases from said space 11 to said
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reaction zone, whereas the central duct 12, also permeable
to gas, has a closed upper end l12a and an open lower end
12b, which is in direct £fluid communication with the
passage 8 of the bottom 3.

The reaction zone 9 is intended to contain a mass of an
appropriate catalyst (not shown), in which a heat exchange
unit indicated - as a whole - with 13 is immersed and
supported.

Said heat exchange unit 13 has a generally cylindrical
shape, with an outer diameter substantially equal to the
inner diameter of the cartridge 10 and an inner diameter
substantially equal to the outer diameter of the axial duct
12.

In particular, according to a preferred but not limiting
embodiment shown in fig. 1, said heat exchange unit 13
comprises a plurality of heat exchangers 14, regularly
distributed in three coaxial and concentric rows. Each
exchanger 14 (fig. 2) has a substantially flat box-shaped
structure, with an essentially elongated rectangular form.
According to the arrangement of fig. 1, in the exchange
unit 13 all of the exchangers 14 are arranged with their
long sides 1l4a parallel to the axis of the shell 2 and
their short sides extended radially with respect to it.

., Still more in particular (figs. 2, 3), the exchangers 14
“are made of a pair of juxtaposed metallic plates 15, 16,
joined together through perimetric soldering 17, and
separated at a predetermined distance so that a chamber 18
is defined between them for the flowing of an operating
heat exchange fluid.

In accordance with a feature of the present invention,
inside each exchanger 14 is provided a partition baffle 19,
extending from one of its short sides 14b and having a
predetermined length that is less than that of the long

CONFIRMATION COPY



10

15

20

25

30

WO 03/010479 PCT/EP02/07087

sides 1l4a. Said partition baffle 19 extending in the same
direction as the long sides l4a.

Preferably, the partition baffle 19 is obtained through the
mutual soldering of the two plates 15 and 16 that form said
exchanger 14, starting at half way along one of their short
sides 14b and extending towards the opposite short side
l4c, from which it is separated by a predetermined
distance.

Due to the presence of said partition baffle 19, the
chamber 18 of each exchanger 14 is subdivided into two
contiguous parts 18a, 18b. The parts 18a, 18b are in
communication between them only in an area near to the
short side 1l4c, opposite to the short side 14b from which
departs the partition baffle itself. '

In accordance with another feature of the present
invention, each of the two parts 18a, 18b of the inner
chamber 18, of each exchanger, is in communication with the
outside through a respective opening 20, 21, provided in
said exchanger 14 at its short side 14b, from which the
partition baffle 19 protrudes.

Advantageously, respective tubular fittings 20a, 2la are
engaged in said openings 20, 21, already during the
manufacture of the exchanger.

As Qill be shown more clearly in the following of the
description, in each exchanger 14, the aforementioned parts
18a, 18b of the chamber 18 comstitute the ascending part
and the descending part, respectively, of a substantially
inverted U-shaped path for a predetermined heat exchange
fluid.

When arranged to obtain said heat exchange unit 13 of the
present invention, in the arrangement described above (fig.
1), the exchangers 14 have vertical long sides 14a and
horizontal short sides 14b, 1l4c which are radially extended
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in the shell 2. More precisely, the side 14b, with
respective openings 20 and 21, constitutes the lower side
of each exchanger 14, where said exchanger is supported
inside the shell 2, in a per se known way that is not
represented.

For each tern of exchangers 14 lined up radially, is
provided a duct 22, for the feeding-distribution of an
operating fluid, and a collector duct 23, for the
collection and discharge of said fluid. The duct 22 is
connected to the tubular fittings 20a of said exchangers 14
through ducts 2a, whereas the duct 23 is connected to its
tubular fittings 21a through ducts 23a.

The feeding duct 22 passes through the shell 2, to be
connected, outsgide of it, to a source, not shown of said
operating fluid (e.g. consisting of boiling water, or
melted salts and the like).

The collector tube 23, in the same way as the feeding duct
22, crosses the shell 2, to be connected to different
applications outside the reactor 1.

The engagement of the ducts 22 and 23 through the shell 2
is obtained through suitable nozzles 24 and 25,
respectively, provided in the shell at a height near to or
coinciding with that of the lower sides 14b of the

individual exchangers 14.
&

In any case, the exchangers can freely expand upwards,
where there is no attachment between them and the shell 2.

Accordingly, the serious drawbacks of mechanical nature are
completely overcome, which were caused by the differing
thermal expansions of the exchangers and of the shell and
occurred when in the prior art exchangers operating £fluids
different from the reactants gases were used.

The heat exchange unit 13, structured according to the
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present invention, provides also the advantage of allowing
the contemporary use of operating fluids of different
nature. For example, with reference to the arrangement of
figure 1 and to an exothermal reaction being carried out,
the exchangers 14 of two annular rows may use the reactant
gases, whereas those of the third row, for example the
intermediate annular row, may use boiling water. In this
case, removal of heat from the reaction environment as weli
as thermal conditioning of the reactant gases to be reacted
and ‘steam production would be obtained.

In this case, for the exchangers 14 of the two annular rows
crossed by the reactants gases as operating f£fluid, it is
provided a collector duct 23 arranged in  fluid
communication with a portion of said shell 2 laying above
the area housing the catalytic bed or the reaction zonme.

In fig. 4 an alternative embodiment of the exchanger 14 is
illustrated, specifically, even if not exclusively
indicated when the operating fluid to be used is water.
According to this alternative, the partition baffle 19
extends, inside the chamber 18, in a direction forming an
angle with said side 14b of the exchanger 14. In other
words in a direction which is inclined with respect to long
sides of the exchanger itself, so to define in said chamber
18 a U-shaped fluid path, having both an ascending and
descending part of increasingly larger cross section.
{

-4
The so conceived invention is subject to variations and
changes, all falling within the scope of protection defined
by the following claims.

For example, it is obviously possible to arrange the
openings 20 and 21 of said heat exchanger 14 at opposite
long sides l4a, at a height close or coincident with that
of the short lower side 14b.
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CLAIMS

1. Heat exchange unit for isothermal reactors, comprising a
plurality of substantially box-shaped plate exchangers
(14), inside which is defined a chamber (18) intended to
have an operating heat exchange fluid flowing through it
and equipped with tubular fittings for the inlet and outlet
(20a, 2la) of said fluid in and from said chamber (18),
characterized in that at least one of said exchangers (14)
is internally equipped with a partition baffle (19),
extending from one side (14b) of said exchanger (14)
towards a side (1l4c) opposite to it and from which said
partition baffle (19) is kept at a predetermined distance,
said partition baffle (19) defining in said chamber a
substantially U-shaped fluid path with ascending and
descending parts (18a, 18b), respectively, in communication
with the outside of the exchanger through said tubular
fittings (20a, 21a).

2. Heat exchange unit according to claim 1, characterized
in that said tubular fittings (2a, 2la) are engaged in
respective openings (20, 21) provided in said side (14b) of
the exchanger (14) from which the partition baffle extends
(19) .

3. Heat exchange unit according to claim 2, characterized
in that said partition baffle (19) extends into said
chamber (18) in a difection forming an angle with said side
(14b), whereby the parts (18a, 18b) of said fluid path
inside the exchanger (14) have an increasingly larger cross

section.

CONFIRMATION COPY



PCT/EP02/07087

WO 03/010479

CONFIRMATION COPY



PCT/EP02/07087

WO 03/010479

2/4

18a

CONFIRMATION COPY



WO 03/010479 PCT/EP02/07087
3/4

Fig. 3

CONFIRMATION COPY



WO 03/010479 PCT/EP02/07087
4/4

14

7z

14a

__18b

14a

ZOCI T mig. 4

CONFIRMATION COPY



it ational Application No

EARCH REPORT
INTERNATIONAL S ruvi/EP 02/07087

CLASSIFICATION OF SUBJECT MATTER

A.
IPC 7 F28D9/00 B01J8/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 F28D BOlJ F28F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched E

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X FR 2 771 802 A (DIETRICH & CIE DE) 1,2
4 June 1999 (1999-06-04)

page 6, line 5 - 1ine 14

page 7, line 29 - Tine 35

page 10, line 14 -page 11, line 2; figures
3,9,16

Y US 5 137 082 A (NAKABOU TADASHI ET AL) 3
11 August 1992 (1992-08-11)
abstract; figures 1-6

X FR 2 797 039 A (ZIEPACK) 1,2
2 February 2001 (2001-02-02)

page 6, line 33 -page 9, line 25
page 12, line 25 -page 13, line 12
page 14, 1line 20 -page 15, line 14;
figures 1,8,11,12

-/

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : " . "
P 9 © *T" later document published after the international filing date

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A* document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international

filing dat *X* document of particular relevance; the claimed invention
fling date - cannot be considered novel or cannot be considered to
*L* document which may throw doubis on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive siep when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but inthe art
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
16 October 2002 22/10/2002
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV34Rijsw(i)j§o Tx. 3165

Tel. (+31-70) 340-2040, Tx. 1 epo nl,
Fax: (+31-70) 340-3016 Beltzung, F

Form PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Ir " ational Application No

PCI/EP 02/07087

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

US 3 595 308 A (DURBIN LEWIS H)

27 July 1971 (1971-07-27)

column 3, Tine 11 - Tine 44; figures 1-4
FR 784 885 A (STUDIEN UND VERWERTUNGS GES
M) 27 July 1935 (1935-07-27)

page 1, Tine 1 - 1ine 59; figure 1

US 3 796 547 A (MUENGER J)

12 March 1974 (1974-03-12)

column 7, Tine 54 —column 11, line 35;
figures 1-8

DE 35 08 240 A (KLOECKNER HUMBOLDT DEUTZ
AG) 11 September 1986 (1986-09-11)
column 6, Tine 9 — 1ine 34; figure 1

US 5 013 426 A (LE PAGE JEAN-FRANCOIS ET
AL) 7 May 1991 (1991-05-07)

EP 0 989 621 A (GEN MOTORS CORP)
29 March 2000 (2000-03-29)

1,2

1,2

1,2

1-3

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Ir

lvatlonal Application No

Fui/EP 02/07087

Patent document Publication Patent family Publication

cited in search report date member(s) date

FR 2771802 A 04-06-1999 FR 2771802 Al 04-06-1999
DE 69803804 D1 21-03-2002
DE 69803804 T2 22-08-2002
EP 1036295 Al 20-09-2000
Wo 9928691 Al 10-06-1999
JP 2001525532 T 11-12-2001

US 5137082 A 11-08-1992 US 5172759 A 22-12-1992
JP 3207969 A 11-09-1991

FR 2797039 A 02-02-2001 FR 2797039 Al 02-02-2001
EP 1206672 Al 22-05-2002
Wo 0107854 Al 01-02-2001

US 3595308 A 27-07-1971  NONE

FR 784885 A 27-07-1935  NONE

UsS 3796547 A 12-03-1974 US 3666423 A 30-05-1972

DE 3508240 A 11-09-1986 DE 3508240 Al 11-09-1986

US 5013426 A 07-05-1991 FR 2633635 Al 05-01-1990
EP 0405038 Al 02-01-1991
JP 2060993 A 01-03-1990
KR 9306816 Bl 24-07-1993

EP 0989621 A 29-03-2000 US 6132689 A 17-10-2000
EP 0989621 A2 29-03-2000
JP 3218232 B2 15-10-2001
JP 2000095502 A 04-04-2000

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

