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lgirsrses€oéldggiilgdiiessz A modular reactor system comprises a backplane connected 
ICE MIL'LER ’ to a computer and a thermal control unit. The backplane 
one American S “are includes a plurality of seats for releasably holding a plurality 
BOX 82001 q of modules. Each module holds a reactor vessel that may be 

Indiana OHS IN 46282_0002 (Us) used to conduct experiments. A plurality of laboratory 
p ’ instruments, such as motors, switches, sensors and pumps 

73 AS - I A t T h l - I _ F t are included Within the backplane and on the reactor mod 
( ) slgnee mtg/mg: ec n0 ogles’ nc ’ OS er ules. These laboratory instruments are utilized to perform 

’ Work on the contents of the reactor vessels When the 
. mo u es 0 mg t e reactor vesse s are pos1t1one in t e (21) Appl. No.. 10/339,229 0‘ 1 h 1d' h 1 ' ' d ' h 

backplane. A computer is connected to the backplane and 
(22) Filed; Jam 9, 2003 controls the laboratory instruments Within the backplane and 

on the reactor modules positioned Within the backplane. A 
Publication Classi?cation thermal control unit provides a thermal control ?uid that is 

delivered to the reactors in the reactor modules When the 
(51) Int. Cl.7 .................................................... .. B01J 19/00 modules are properly seated in the backplane. 
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FIG. 7 
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MODULAR REACTOR SYSTEM 

BACKGROUND 

[0001] The present invention is related to the ?eld of 
chemical reactors, and more particularly, automated reactors 
for use in process research and development as may be 
conducted in a laboratory. 

[0002] Laboratory automation developed over the past 
decade has alloWed chemists to become much more ef?cient 
in conducting experiments. Laboratory automation has been 
particularly useful for high thru-put screening, Where a large 
number of different compounds are tested using particular 
chemicals. These tests are typically conducted in very small 
reaction vessels, such as multiple Well microplates (e.g., 96 
Well microplates), Where a very small amount of reagent is 
added to a small amount of experimental solution in each 
microplate Well. From the large number of small scale 
experiments, a feW promising leads may be identi?ed. These 
leads Will require additional testing on a larger scale, before 
truly promising chemical combinations can be identi?ed. 
Larger scale testing typically involves larger amounts of 
experimental solution combined With larger amounts of 
reagents. Of course, these tests are conducted in larger 
reaction vessels, such as vessels of 50 ml or more. 

[0003] A feW systems exist that alloW chemists to auto 
mate experiments in larger reaction vessels. Examples of 
such systems include the CLARK® automatic reactor sys 
tem sold by Argonaut Technologies, Inc. of Foster City, 
Calif. Such systems typically provide a single reactor vessel 
and a number of laboratory instruments capable of auto 
matically interacting With the reactor vessel. When using 
these systems, a chemist ?rst prepares a reactor and attaches 
all necessary components for completion of the experiment 
(e.g., reagent feed lines, temperature sensors, stirrers, etc.). 
After the reactor is prepared, the chemist uses a softWare 
program to provide instructions for conducting the experi 
ment using the laboratory instruments. After receiving the 
chemist’s instructions, the softWare controls the laboratory 
instruments to automatically conduct the experiment (e.g., 
the system automatically feeds reagents at the desired times, 
monitors reaction variables, stirs the experimental solution, 
etc.). This automation alloWs the experiment to be con 
ducted Without the chemist being physically present, thus 
freeing the chemist to complete other valuable tasks. 

[0004] Although laboratory automation continues to assist 
With high thru-put screening, many areas for improvement 
remain. For example, many automated laboratory systems 
for larger scale reactions are limited to use in a single 
experiment. Chemists Would like to simultaneously conduct 
several different larger scale experiments using a single 
softWare program. Furthermore, those automated laboratory 
systems that alloW chemists to conduct more than one 
experiment are limited to conducting very similar experi 
ments With similar functions, environmental conditions, and 
steps in any given batch of experiments. Chemists Would 
like to have the ?exibility to simultaneously conduct very 
different experiments using a single automated laboratory 
system. Of course, many other areas for improvement 
remain. The modular reactor system of the present invention 
presents a number of improvements over such prior art 
systems. 
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SUMMARY 

[0005] A modular reactor system includes an apparatus 
that houses several small reactors and independently mea 
sures and controls the critical parameters of each reactor 
during experiments, thereby alloWing chemists to study the 
synthesis of a broad range of compounds. The apparatus 
comprises a computer, a housing having a plurality of seats, 
and a thermal control unit. A plurality of modules are 
removably positioned in the seats of the housing. Each of the 
plurality of modules includes a module shell that holds a 
jacketed reactor vessel. The reactor vessel includes a reactor 
chamber and a plurality of ports leading to the reactor 
chamber and designed to receive laboratory instruments. 
Each reactor vessel also includes a ?uid chamber formed 
betWeen an exterior Wall and an interior Wall. The exterior 
Wall includes an inlet port for receiving thermal control ?uid 
into the ?uid chamber and an outlet port for expelling 
thermal control ?uid from the thermal control chamber for 
return to the thermal control unit. 

[0006] The housing of the modular reactor system com 
prises a trunk that supports the plurality of seats and a top 
canopy. A plurality of laboratory instruments are positioned 
Within the housing. For example, a plurality of electric 
motors are connected to stirrers that extend into reactor 
vessels seated in the housing. In addition, a plurality of gas 
lines are positioned in the housing along With a plurality of 
gas line connectors. Each gas line connector joins one of the 
gas lines to one of the modules When the module is posi 
tioned in one of the seats of the housing. Furthermore, a 
plurality of electrical connectors are associated With each 
seat of the housing. Placement of one of the modules in a 
seat of the housing joins the electrical connector to the 
module. The electrical connector provides an electrical 
connection betWeen the module and the computer. 

[0007] Each module of the module reactor system further 
comprises at least one clamp that retains the reactor in the 
reactor seat. In addition, each module includes at least one 
pump positioned on the module shell. At least one reagent 
seat is also positioned on the module shell. The at least one 
pump is operable to pump a reagent positioned on the 
reagent seat to the reactor chamber. 

[0008] Each module may also include a unique identi? 
cation. The unique identi?cation may be as simple as a name 
or tag assigned to the module and marked someWhere on the 
module so that the unique identi?cation may be read by a 
human. HoWever, in one embodiment of the invention, the 
unique identi?cation is an electronic tag or similar identi?er. 
In this embodiment, an identi?cation reader is associated 
With each of the seats. Each identi?cation reader is operable 
to read the identi?cation of one of the modules placed in the 
seat associated With the identi?cation reader. The unique 
identi?cation of each module is passed on to the computer 
Which is programmed to execute unique instructions With 
respect to each module, regardless of the seat in Which the 
module is placed. 

[0009] These and other features, aspects, and con?gura 
tions of the present invention Will become better understood 
With reference to the folloWing description and the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 
system; 

FIG. 1 shoWs a block diagram of a modular reactor 
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[0011] FIG. 2 shows an elevational vieW of a plurality of 
modules installed in a backplane unit of the modular reactor 
system of FIG. 1; 

[0012] FIG. 3 shoWs the backplane of FIG. 2 With no 
modules installed; 

[0013] FIG. 4A shoWs a motor installed in the backplane 
of FIG. 3; 

[0014] FIG. 4B shoWs a mount used With the motor of 
FIG. 4A; 

[0015] FIG. 5 shoWs a block diagram of a control board 
for the modular reactor system; 

[0016] FIG. 6 shoWs a block diagram of various connec 
tions betWeen the control board of FIG. 7 and various 
laboratory instruments; 

[0017] FIG. 7 shoWs a front perspective vieW of one of the 
modules of FIG. 2; 

[0018] FIG. 8 shoWs a side vieW of the module of FIG. 7; 

[0019] FIG. 9 shoWs a back perspective vieW of the 
module of FIG. 7; 

[0020] FIG. 10A shoWs an elevational vieW of an eXem 
plary reactor for use With the modular reactor system; 

[0021] FIG. 10B shoWs a parts vieW of a quick connect 
attachment for the reactor of FIG. 10A; 

[0022] FIG. 10C shoWs a thermal control system for use 
in the modular reactor system of FIG. 1; 

[0023] FIG. 10D shoWs a reactor thermal control system 
for use in the thermal control system of FIG. 10C; 

[0024] FIG. 11A shoWs an overvieW screen of a graphical 
user desktop of the modular reactor system; 

[0025] FIG. 11B shoWs a more detailed overvieW screen 
accessible from the overvieW screen of FIG. 1A; 

[0026] FIG. 12 shoWs a dialog boX associated With the 
graphical user desktop of FIG. 11; 

[0027] FIG. 13 shoWs a stage details screen of a recipe 
editor of the modular reactor system; and 

[0028] FIG. 14 shoWs a stages overvieW screen of the 
recipe editor of the modular reactor system; 

[0029] FIG. 15 shoWs a con?guration screen associated 
With the graphical user desktop of FIG. 11A or 11B; 

[0030] FIG. 16 shoWs a bottom vieW of a reactor clamp 
for use in association With the module of FIG. 7; 

[0031] FIG. 17 shoWs a perspective vieW of a rear mem 
ber of the reactor clamp of FIG. 16; 

[0032] FIG. 18 shoWs a front perspective vieW and a rear 
perspective vieW of a front member of the reactor clamp of 
FIG. 16; 

[0033] FIG. 19 shoWs a cross-section of the front member 
of FIG. 18; 

[0034] FIG. 20 shoWs a representation of the position of 
a reactor lid and a reactor mouth When the pressure in the 
reactor vessel is beloW a threshold pressure; 
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[0035] FIG. 21 shoWs a representation of the position of 
the reactor lid and the reactor mouth When the pressure in the 
reactor vessel is above the threshold pressure; 

[0036] 
[0037] FIG. 23 shoWs a top vieW of the reactor lid of FIG. 
22. 

FIG. 22 shoWs a side vieW of a reactor lid; 

DESCRIPTION 

[0038] OvervieW 

[0039] With reference to FIGS. 1 and 2, a modular reactor 
system 10 comprises a support housing or chassis 12 capable 
of releasably holding multiple reactor modules 16 (also 
referred to herein as simply “modules”). A plurality of 
module seats are provided for holding the reactor modules 
16. Each reactor module 16 holds a reactor vessel 30 that 
may be used to conduct experiments. Aplurality of labora 
tory instruments, such as motors, sWitches, sensors and 
pumps are included Within the support housing 12 and 
associated With each seat of the support housing. Aplurality 
of laboratory instruments are also provided on each of the 
reactor modules 16. These laboratory instruments are uti 
liZed to perform Work on the contents of the reactor vessels 
30 When the modules 16 holding the reactor vessels 30 are 
positioned in the support housing 12. The support housing 
12 is also referred to herein as the “backplane”, as it provides 
the background platform for one or more laboratory instru 
ments and/or module 16 connections. A computer 18 is 
connected to the backplane, and the laboratory instruments 
Within the backplane 12 are in communication With the 
computer 18. Laboratory instruments on the reactor modules 
16 are in communication With the computer 18 When the 
reactor modules are positioned Within the backplane 12. 
Each laboratory instrument may be independently controlled 
by the computer, regardless of the seat or module associated 
With the laboratory instrument. To this end, a ?rst laboratory 
instrument associated With one module or seat may be 
activated Without activation of a similar laboratory instru 
ment associated With a different module or seat. A thermal 
control unit 14 includes a plurality of individual reactor 
thermal control systems 13 and a chill ?uid system 14A. As 
described in further detail herein, the individual reactor 
thermal control systems 13 Work With the chill ?uid system 
to provide thermal control ?uid to the reactors in the reactor 
modules When the modules are properly seated in the 
backplane. The computer 18 is also in communication With 
the thermal control unit 14, and the thermal control unit is 
arranged to provide independent temperature control for 
each reactor vessel in each module. 

[0040] Backplane 
[0041] With reference to FIG. 3, the backplane 12 
includes a plurality of module seats 20 designed to releas 
ably hold the reactor modules 16. The term “slot” is also 
used herein to refer to a module seat 20. Each slot 20 is 
de?ned by tWo module guide rails 21. The module guide 
rails 21 are siZed to receive a base portion 83 of one of the 
reactor modules 16 (see FIG. 9). The module guide rails 
include slits extending along the guide rails that are designed 
to receive a lip 81 on the module base 83 (see FIG. 9). 
Pinion gears may be included along the side rails and slits in 
order to mesh With a slotted rack on the lips of the module. 
This rack and pinion mechanism provides for smooth inser 




























