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1 Summary 

 

1.1 Introduction 

This user guide describes the function, use and maintenance of all the FRX™ systems, 
modules and components.  It is intended to give an overview of all aspects of the FRX™ 
hardware. 

 

1.2 Flow chemistry 

FRX™ is a range of apparatus for conducting flow chemistry.  Flexible functionality enables 
a range of different chemistries.  The system has the ability to both heat and cool reactors 
and different volume reactors and flow rates can be used to change both the reaction time 
(or residence time) and the amount of materials being produced.  A small volume reactor is 
ideal for conducting reaction optimisation and development whilst the larger volume systems 
allow larger scale preparation.  Heating can be provided to any of the different scale reactors 
using a standard hotplate whilst sub-ambient reactions can be achieved using a cooling 
circulator. 

The use of pumps and pressure regulators means that chemistry can be “superheated” by 
running above ambient pressure.  This can increase reaction rates significantly above those 
achieved using traditional batch chemistry.  Changing either the flow rate of reagents or the 
concentration of stock solutions provides the ability to vary reagent equivalents. 

Reagents can be added to the flow system either directly from the pumps or by using flow 
injection valves.  This system allows a range of different chemistries to be performed in the 
same flow of solvent. 

The FLLEX™ system allows for online workup of reaction media.  The FLLEX™ is described 
in detail in the modules section of this user guide and works by passing organic and 
aqueous media into a mixing area and then separating using a hydrophobic membrane.   

A sample collection system can be used to deliver the output of the reactor into a range of 
vials.  Different size collection vials can be used to suit the range of flow rates and 
production volumes that can be used within the FRX™. 

Flow chemistry using FRX™ enables study of chemistry on a range of scales with reaction 
times varying from a few seconds to many hours.  The wide range of residence times allows 
production rates of 1-2mg/hr to 20g/hr. 
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1.3 Flow Schematics 

This user guide uses a standard format for all schematic representations of flow chemistry.  
This shows the active1 components in a system and the connections between them.  The 
key below shows all of the active components you may include in a FRX™ system. 

Cat # needs populating. 

 

Key Module Name Catalogue Number 

 

Pump 2101305 

 

Reagent Module  2101308 

 

Microreactor 

2100142 – 62.5� l 

2100144 – 250 � l 

2100146 - 1000 � l 

 

Column Reactor 2101345 

 

Tube Reactor 
2100632 – 4ml 

2100633 – 16ml 

 

Flow Mixer 2100831 

 

Pressurisation Module 2101307 

 

FLLEX 2101306 

 

Collection Module 2101309 

 

Lines are used to connect the various modules together and these represent the tubing and 
connectors used to complete the flow circuit.   

                                                
1 An active component is one in which the flow of material is affected. Examples of active components 
are pumps and reactors.  Static components are not shown in flow schematics.  
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2 FRX™ systems 

This section of the user guide details the “recommended” FRX™ systems.  Further details 
on the individual modules can be found in chapter 4.  System pictures included here are 
intended as guidelines only, accurate listings of system components are provided within the 
tables. 

2.1 FRX100 

The FRX100 is an entry-level system designed to offer users access to the world of flow 
chemistry and microfluidics.  The use of a tube reactor with an internal volume of 4ml gives 
users the ability to make relatively significant quantities of material. 

 

The FRX100 includes the following components. 

Catalogue Number 
Module Name Quantity 

2100632 4ml PTFE tube reactor 1 
2100831 3-input mixer 1 
2101305 FRX Pump  2 
2101307 FRX Pressurisation Module  1 
2101309 FRX Collection Module  1 
2101310 FRX Hotplate  1 
2101352 FRX Pneumatic Adaptor Pack  1 
2101401 FRX 100 Plumbing Set  1 
2110713 Flow Tubing Starter Pack 1 
2100838 Pair tube reactor rings 1 

 

The basic set-up of the FRX100 is shown in the fluidic diagram below.  The suggested 
usage of this system is to combine two reagents into the tube reactor (under pressure if 
required) and then to take samples of the material using the collection module. 
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In addition to the active fluidic modules the FRX100 includes a selection of collection vials, a 
heater plate and set of tubing. 
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2.2 FRX200 

The FRX200 allows users to “mix and match” reactors by including microreactors, column 
reactors and a tube reactor.  This offers reaction volumes between 250µl and 4ml.  With the 
FRX 200 it is possible to conduct optimisation and development experiments as well as 
being able to make relatively significant quantities of material.  The inclusion of column 
adapters gives the ability to perform solid phase chemistry (with supported reagents, 
catalysts or scavengers). 

 

The FRX200 includes the following components. 

 

Catalogue Number 
Module Name Quantity 

2100144 250ul - 3 Inlet Microreactor 1 
2100147 Microreactor Header 1 
2100632 4ml PTFE tube reactor 1 
2100831 3-input mixer 1 
2101305 FRX Pump 2 
2101307 FRX Pressurisation Module 1 
2101308 FRX Reagent Module 1 
2101309 FRX Collection Module 1 
2101310 FRX Hotplate 1 
2101311 FRX Reactor Adaptor 1 
2101345 FRX Column Pack 1 
2101352 FRX Pneumatic Adaptor Pack 1 
2101402 FRX 200 Plumbing Set 1 
2110713 Flow Tubing Starter Pack 1 
2100838 Pair tube reactor rings 1 

 

The FRX200 gives users a wide range of apparatus and different experiments that can be 
conducted.  The reactor can be a column, microreactor or the higher volume tube reactor 
and these can also be used in series to perform consecutive reaction steps. 
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In addition to the fluidic modules shown in the diagram above, the FRX200 includes a 
selection of collection vials, a heater plate and a set of tubing. 
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2.3 FRX300 

The FRX 300 introduces liquid phase extraction in flow chemistry.  Building on the 
functionality of the FRX 200 this system includes a FLLEX™ (Flow Liquid-Liquid extraction 
module), which allows the extraction of organic phases with an aqueous media.  This system 
is a complete reaction/workup system for chemists wanting to perform flow chemistry on a 
range of systems and scales. 

 

 

 

Catalogue Number 
Module Name Quantity 

2100144 250ul - 3 Inlet Microreactor 1 
2100147 Microreactor Header 1 
2100632 4ml PTFE tube reactor 1 
2100831 3-input mixer 1 
2101305 FRX Pump  3 
2101306 FRX FLLEX Module 1 
2101307 FRX Pressurisation Module  1 
2101308 FRX Reagent Module 1 
2101309 FRX Collection Module 1 
2101310 FRX Hotplate 1 
2101311 FRX Reactor Adaptor 1 
2101345 FRX Column Pack 1 
2101352 FRX Pneumatic Adaptor Pack  1 
2101403 FRX 300 Plumbing Set  1 
2110713 Flow Tubing Starter Pack 1 
2100838 Pair tube reactor rings 1 
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The use of solid phase columns allows reactions involving solid supported reagents, 
scavengers and catalysts.  Using multiple reactors allows consecutive reactions to be 
conducted as shown in the example flow scheme below. 
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2.4 FRX400 

 

The FRX 400 represents a complete flow chemistry tool-kit providing a wide range of 
functionality.  This system, with two heated (one of which can also be cooled) zones is 
optimised for conducting consecutive reactions and includes a range of different reactors 
(From 62.5µl to 16ml) offering a wide range of scales.   

 

 

 

Catalogue Number 
Module Name Quantity 

2100142 62.5ul - 3 Inlet Microreactor 1 
2100144 250ul - 3 Inlet Microreactor 1 
2100146 1000ul - 3 Inlet Microreactor 1 
2100147 Microreactor Header 1 
2100632 4ml PTFE tube reactor 1 
2100633 16ml PTFE tube reactor 1 
2100831 3-input mixer 2 
2101305 FRX Pump  4 
2101306 FRX FLLEX Module 1 
2101307 FRX Pressurisation Module  1 
2101308 FRX Reagent Module 2 
2101309 FRX Collection Module 1 
2101310 FRX Hotplate 2 
2101311 FRX Reactor Adaptor 1 
2101012 FRX Cooling Insert 1 
2101314 FRX Collection Bottle 1 
2101345 FRX Column Pack 2 
2101352 FRX Pneumatic Adaptor Pack  1 
2101404 FRX 400 Plumbing Set  1 
2110713 Flow Tubing Starter Pack 4 
2100838 Pair tube reactor rings 1 
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There are a vast number of experimental configurations which can be used with the FRX 
400.  The system can be used for very complex, consecutive reactions (as shown below) but 
can also be used for simple chemistry on a range of scales.   

 

 

 

 

 

 

 

 

 

 

 

 

The FRX 400 can also be used to conduct, simultaneously, two (or more) different reactions 
(or the same reaction) on different scales.  This type of scheme is shown below. 
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3 Quick Start Guide 

3.1 How to make a fluidic system 

The first stage in making a FRX™ system is to place the various components needed in the 
correct order on the bench.  Generally a flow system is constructed with the flow of reagents 
going from left to right.  This means that the reagent pumps will be on the left and the 
collection of products will be on the right. 

Once the individual modules are in place they can be connected together using the tubing 
supplied with the system, which is pre-terminated to make connection easier.  It is important 
to know the volume of the tubing used in the system, as this will determine the time taken for 
material to travel from one module to another.  Note that the volume is a function of the 
length (NB standard tubing supplied by Syrris has a 0.5mm ID). The example shown here 
uses different colours to illustrate how the different components are connected together to 
produce a flow system.  

 

Here the pump on the left is fed from the bottle far left and is feeding directly into port one of 
the microreactor.  The outlet from the sample loop is fed into port two of the microreactor.  
The right hand pump is being used to add a reagent from the sample loop on the right into 
port two of the microreactor.  The outlet of the microreactor is fed into the pressurisation 
module and this is fed into the collection module. 

 

· Each FRX™ system comes complete with a pack of tubing designed for the purpose 
of connecting the system as pictured in the brochure.  The pre-terminated tubing 
should be used for connecting between modules whilst the tubing with one “open” 
end should be used to connect to the microreactor header or into the collection 
module.   

· The pre-terminated “gripper” fittings should be simply screwed into the module 
required until “firm finger tight”.   

· To connect to the microreactor header push the tubing through the appropriate hole 
with the corresponding plunger depressed until when, with the chip sitting on a flat 
surface, the tubing is pressed against it.  Feed the o-ring seals over the tube into the 
recess.  Place the header over the chip so that the screws/holes are aligned.  Tighten 
the screws by hand (using tools may break the chip).   

· The chip can be mounted into the reactor adaptor by simply aligning with the header 
at the bottom and pushing until a “click” is heard. 



 

Syrris Ltd   

FRX User guide  Page 15 

 

· To ensure that the correct reaction temperature is used with any of the reactor types 
the external control thermocouple, supplied with the hotplate, should be used.  With 
either the adaptors for microreactors or column reactors this can be found on the 
uppermost surface of the adaptor behind the actual reactor.  With the tube reactor 
this can be found in the centre. 

 

3.2 Connecting FLLEX and Pressurisation modules to gas supply 

Both the FLLEX and pressurisation module require gas pressure to operate.  To connect 
these to the supply simply push a 4mm OD tube into the bulkhead connector at the rear of 
each unit.  The gas supply should be regulated, clean, dry, and between 4 and 10 bar. The 
gas may be air or nitrogen. By default the pressurisation module should be set to 2 bar as 
this will eliminate cavitation whilst operating at a low pressure which will reduce leakage 
volume until the system has been checked for leaks. Operation close to the supply pressure 
may be inconsistent, so ensure that the supply is at least 1bar greater than the desired 
operating pressure. 

3.3 Using the FRX pump 

The FRX™ pumps are designed to be easy to use however there are several important 
steps that need to be followed to ensure trouble free operation.  All the instructions needed 
to set-up and operate the pumps are included below. 

 

 

 

 

To set the flow rate simply use the up/down buttons and then press run to start the flow.  The 
“F” flashing on the display gives confirmation that the pump is running. 

 

3.3.1 Pump Set-up 

3.3.1.1 Solvent Reservoir 
The solvent reservoir should be placed at the same level or slightly higher than the pump 
(not below the pump), and the inlet tubing should be as short as possible. These steps 

Output 

Input Self flush 
solution in 

Self flush 
solution out 

Prime/purge 
valve 
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minimize pressure losses on the inlet side of the pump during refill and help to avoid bubble 
formation. These steps are particularly important when using high vapour pressure solvents 
(pentane, methylene chloride, etc.). Solvents should be degassed, filtered and covered. (See 
appendix 3.) 

3.3.1.2 Inlet Tubing  
The inlet lines supplied with the pumps are 0.085” ID and a 1/8” OD., and are made of a 
Teflon-based material. The assembly consists of a 20 micron slip-on inlet filter, long length of 
pipe, y-piece and two short lengths of pipe. . Before using the pump, connect the two short 
lengths to the bottom of the two pump heads and place the other end in the reagent bottle. 

3.3.1.3 Outlet Tubing 
Connect a pipe to the output port on the front of the pump.  

3.3.1.4 Priming the Pump and Input Lines 
CAUTION:  When you press the PRIME key, the pump will run at the maximum flow rate. 
Be sure the prime/purge valve is open. 

When the prime/purge valve is closed (fully CW) firmly, high-pressure flow is directed to the 
Outlet port. When the valve is open (CCW) one-half to one full turn, pressure is vented and 
flow exits through the luer fitting. 

 

To prime the system,  

· Connect a 20ml or 50ml syringe to the luer fitting on the front of the prime/purge 
valve (the syringe will then stick out the front of the pump).  

· Press the “Prime” button and prime the tubing and pump by pulling solvent and any 
air bubbles through the system into the syringe (a minimum of 20 mL).  

· Press the “Stop” button  

· Close the prime/purge valve immediately.  

 

3.3.2 Pump Operation 

3.3.2.1 Liquid System Flow Path 
The flow path of the FRX™ pump starts at the inlet of the pump head, passes through the 
pump head and prime/purge valve into the pulse damper, and ends at the outlet on the front 
panel. 

3.3.2.2 Pump Cycle 
The pump cycle consists of two phases, the pumping phase and the refill phase. During the 
operation of the pump, one pump piston displaces fluid at a constant rate from one head, 
while the other piston is refilling the other pump head with fluid. When one piston finishes 
displacing fluid, the other piston immediately starts. This results in a constant, stable flow 
from the pump at high pressure. 
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3.3.2.3 Front Panel Controls and Indicators 
 

FRX™ Pump Front panel view  

 

Digital Display 

The 4-digit display shows F (the pump flow rate in mL/min), P (the system pressure in Bar), 
H (the upper set pressure) or L (the lower pressure limit  in Bar) when operating. Choice of 
display is selected with the MODE key. 

 Operation Keys 

RUN  When pressed, this key starts the pump. 

STOP When pressed, this key stops the pump. 

 When pressed, this key increases the set value after the display mode. 

 When pressed, this key decreases the set value after the display mode. 

PRIME When pressed, the pump runs at the maximum flow rate for the pump head. It 
will stop when any key is pressed. 

MODE Use this key to cycle through the four display modes: flow rate, pressure, upper 
pressure limit, and lower pressure limit. A first digit on the display indicates which 
mode is active: 

F The display shows flow rate in mL/min. 

P The digital display shows current system pressure in bar. 

H The display shows the user-set upper pressure limit in bar. 

L The display shows the user-set lower pressure limit in bar 

 FRX 

prime  run 

mode  stop 

Prime/Purge  

valve  

Pump outlet  

Keypad  

LCD display  

Pump inlets  
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3.4 How to inject reagents 

Reagents can be added to the system independently of the materials being pumped.  
Sample loops, located on the reagents module, are loaded using a syringe filled with the 
reagent connected to the luer fitting at the top position of the valve.  The syringe is then used 
to push the reagent through the sample loop until it begins to flow out of the waste line.  The 
reagent loop valve is then turned to the inject position and the flow of solvent from the pump 
will flush the reagent from the loop and in to the reactor. 

 

                    

 

3.5 How to collect your products 

There are two main modes of operation for the FRX™ systems: either constant flow (where 
reagents and solvents are pumped from reservoirs) or injection flow (were reagents are 
introduced using injection valves.  One of the main differences between these is the way that 
reaction products are produced and therefore collected. 

With constant flow, reaction products are formed continuously and, once an initial time has 
elapsed (the time taken for the reagents to reach the end of the process), a constant flow of 
reaction products will result.  The time taken for this initial period can be calculated in the 
same way as described below for injection flow. 

With injection flow the situation is a little more complex.  As the reagents are injected as a 
“slug” of material into a constant flow of solvent it is important to know where the 
reagents/products are at any time and when they will be eluted from the apparatus.  The 
time taken for the material to travel from the reagent injection loop to the outlet of the 
apparatus will be determined by the overall flow rate of the system and the total internal 
volume of all the components downstream of the reagent loop.  Using the FRX™ flow 
calculator software (see below) can assist with this process. 

 

 FRX™ 
Pump 

Reactor Reactor 

1) Load  reagent into loop 2) Inject  loop inline (between 
pumps and chip) 

Sample 
loop 

 FRX™ 
Pump 

Waste 
Waste Sample 

loop 



 

Syrris Ltd   

FRX User guide  Page 19 

 

4 FRX™ Modules, Accessories and Consumables 

4.1 FRX Modules 

4.1.1 Cooling Insert 

 

Product Name: Cooling Insert  Catalogue Number: 2101312 

 
Description   

The cooling insert is a custom designed 
option for use with the FRX™ reactor 
adaptor.  This can be simply used by 
unscrewing the lid and filling with a coolant 
(eg. Cardice/solvent) to have a background 
cooling.   

Alternatively, with the lid firmly screwed in 
place, coolant can flow from and to a 
thermoregulator using the connectors. 

The cooling insert is inserted into the reactor 
adapter as shown here. NB the seals on the 
chip header are only suitable for use above -
15°C.  

 

Specification 

The cooling insert is designed for operation in the temperature range -15 to 200°C 

Wetted materials 

The unit is constructed from anodised aluminium for a “wipe-clean” finish and is compatible 
with most common circulating fluids. 

Maintenance 

None 
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4.1.2 Collection Module 

Product Name: FRX Collection Module Catalogue Number:  2101309 

 
Description 

The collection module is a manually-actuated fraction collector for the FRX™ system.  It is 
connected to the FRX™ system using standard 1.6mm OD PTFE tube.  The Collection 
module is designed to be used with three different vial sizes, though it may be able to 
incorporate other similar vials if required.  The module uses a needle to grip the PTFE pipe 
(which is simply inserted through the needle) and direct the sample to the collection vial of 
interest. The needle can be inserted into one of three holes (one for each vial size). The 
collection module can be manually rotated between one vial and the next with the carousel 
locating into position at the centre of each vial. 

Specification 

Vial diameters 

– 13mm, 20.5mm, 28mm  

Wetted materials 

– PTFE Tubing, Glass Vials (or user choice) 

Maintenance 

The needle is made from anodised aluminium to make it wipe-clean and resistant to most 
common chemicals. The concentric PTFE delivery tube may be replaced easily in case of 
contamination, or a change in bore requirement.  The main body is constructed from natural 
polypropylene to make it hard wearing, easy to clean and chemically resistant. 

In case of blockage the tubing within the aluminium needle is easily replaceable.  An Omnifit 
“gripper” type fitting can be used to secure the tube in place. 
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4.1.3 FLLEX 

Product Name:  FLLEX  Catalogue Number:  2101306 

 

Description  

FLLEX is an automated liquid/liquid extraction system.  It allows a product flow to be washed 
using an aqueous reagent and for it to be subsequently separated. This is a manually 
operated version for use in the FRX system. 

 

How does FLLEX work? 

The two immiscible liquid phases are brought together in the contactor T-piece. The phases 
form alternate slugs that flow along the contacting pipe as shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

Diffusion of molecules between the immiscible slugs occurs rapidly so that full partitioning 
can be achieved in as low as 2.5 seconds. Once contacting has completed the two 
immiscible flow streams are separated as shown below: 

Aqueous input 
stream 

Organic output 
stream 

Aqueous 
output stream 

1) Immiscible streams 
brought into contact at 
T-piece 

2) Slug flow occurs in 
pipe with internal 
diameter 0.25mm 

3) Molecules rapidly 
partition (dissolve) into 
the preferred solvent 
phase 

Organic input 
stream 

FLLEX 
SEPARATOR 
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The slug flow stream from the contactor passes over a porous 
PTFE membrane inside the separator chip. The membrane is 
hydrophobic and repels the aqueous slugs but allows the 
organic stream to pass through. The result is a separation with 
the organic stream passing out through the top of the separator 
and the aqueous stream passing out through the base of the 
separator. The separation is not affected by gravity, dense 
organic solvents like DCM and DCE will always pass out through 
the top of the separator. The photo right is a magnified image of 
the porous PTFE membrane. The membrane pore size is 
0.22� m. 

 

Fluid pressure control 

To ensure good separation the pressure across the membrane is controlled via two back 
pressure regulators (BPRs) shown in the diagram below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The cross membrane pressure may be adjusted using the right hand knob, screwing it 
clockwise to increase the cross-membrane pressure and reading the value off the righthand 

FRX 
FLLEX 

Organic 
input stream 

Aqueous 
input stream 

Organic 
output stream 

Aqueous 
output stream 

Contactor Separator Back pressure 
regulators 

Slug flow 
stream 

Organic BPR 
1.9 Bar 

Cross membrane 
pressure (100 mBar) 

FRX 
FLLEX 

Aqueous BPR 
2.0 Bar 

Left hand knob and gauge 
controls BPR pressure 

Default = 2 Bar

Right hand knob and gauge 
controls cross membrane pressure  

Default = 100mBar 
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gauge. It should be set initially to the default value of 100mBar. The two BPRs also have an 
offset pressure called the “BPR pressure”.  This BPR pressure should initially be set to the 
default value of 2 Bar using the left hand knob and gauge (clockwise to increase pressure). 
This will set the system pressure of modules upstream of the FLLEX. 

Separation failure 

When separation failure occurs slug flow will be observed in one of the output streams. This 
is illustrated below with a separation failure in the aqueous stream: 

 

 

 

 

 

 

 

 

 

 

 

To fix separation problems the cross membrane pressure should be adjusted as described 
below:  

Separation failure mode Manual adjustment required 

Organic solvent slugs are 
observed in aqueous stream 

Increase the cross membrane pressure by 10% and wait for 1-2 
minutes to see the affect 

Aqueous solvent slugs are 
observed in organic stream 

Decrease the cross membrane pressure by 20% and wait for 1-2 
minutes to see the affect 

 
 

Specification 

Description  

Maximum organic flow rate range 250-500µl/min 

Maximum aqueous flow rate range 250-500µl/min 

Leakage rate from separator 0.2 - 1µl/min 

Wetted materials Glass, PTFE, FEP and 
PEEK. 

Internal volume of FLLEX (with chip A) 100µl 

Input fluid pressure at 500µl/min total flow rate 0.5 Bar + BPR pressure 

Cross membrane pressure range 0 - 500mBar 

BPR pressure range 0-9Bar 

Gas supply pressure range (Air, Argon or Nitrogen)  4-10Bar 

Width x height x length of unit 165mm x 200mm x 310mm 

Weight of unit 5kg 
 
 

 

FRX 
FLLEX  

Separation failure in the 
aqueous stream results 
in slug flow in this stream 
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Maintenance 

Blockages in the Separator / Replacing Separator me mbrane. 

It is recommended that the membrane is replaced bef ore each use. 

1. Disconnect the 
fluid connectors 
and remove the 
separator from 
the FLLEX. 

 

6. Place separator 
chip base on the 
metal separator base 
as shown. Ensure 
the text on chip 
reads in the correct 
orientation . 

 

2. Extend clamp 
screw handles 
and un-tighten 
clamp screws 
evenly, 
alternating ¼-turn 
at a time on each 
screw 

 

7. Place the PTFE 
membrane onto the 
chip base and locate 
on etched circle. 
Check for defects or 
creases on the 
membrane and 
replace if necessary. 

 

3. Remove 
separator top to 
reveal the 
separator chip 

 

8. Place separator 
chip top onto 
membrane as shown. 
Ensure all surfaces 
are clean and the 
text on chip reads 
in the correct 
orientation . 

 

4. Lift out 
separator chip 
and if necessary 
twist to detach 
the top from the 
base 

 

9. Place metal 
separator top onto 
chip, hold separator 
at an angle and tap 
as shown. This will 
optimise the 
alignment of the chip 
layers 

 

5. Clean the 
separator chip 
top and base with 
water and then 
acetone to 
remove any 
precipitates or 
residues. Ensure 
both surfaces 
and channels 
are clean.  

 

10.Tighten without 
extending clamp 
screw handles whilst 
maintaining angle. 
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11. Once the 
clamp screws 
have been 
tightened lightly, 
check that the 
separator clamp 
top is sitting 
evenly on the 
chip as shown 

 

 

13. Check that the 
separator is fully 
clamped and there 
are no gaps between 
the separator base 
and separator top 

 

 

12. Extend clamp 
screw handles 
and tighten clamp 
screws evenly, 
alternating ¼-turn 
at a time on each 
screw 

 

14. Place the 
separator back onto 
the FLLEX and 
replace the fluid 
connections 

Hand tighten 

 

 

Blockages in the contactor 

To fix a blockage in the contactor: 

· Back-flushing – Connect a syringe full of solvent to the outlet port and pressurise 
manually to try to flush out the blockage 

· Disconnect the fluid connector inside the coil and repeat back flushing. Also check 
for blockages in the mixing –T 

· Replace the contacting pipe 

 

How to clean the BPR  
 

Please see the section on the Pressurisation Module 
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4.1.4 Hot Plate 

Product Name: Hotplate  Catalogue Number:  2101310 

 
Description 

A digitally controlled hotplate with external Pt100 sensor for optimal control of temperature.  
Maximum temperature setting ensures that safe unattended operation is possible.  Digital 
control with an external sensor ensures that the temperature setting is correctly maintained 
in the reaction zone. 
 

Specification 

Temperature range 50-300°C, integrated stirring fro m 50-1200rpm.  

Wetted materials - none 

Maintenance 

No user maintenance is possible. 
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4.1.5 Pressurisation Module 

Product Name: Pressurisation Module  Catalogue Number:  2101307 

 
Description 

The FRX™ pressurisation module is designed to regulate the backpressure of a fluidic 
system.  Running a fluidic system at elevated pressure allows superheating of solvents and 
reactants to increase reaction rate without changing the chemistry of the process.  The 
pressurisation module shows the set-pressure that is required on the gauge; and this can 
then be adjusted using the control knob on the top of the module (clockwise to increase, 
push down to lock knob in position). 

  

Specification 

The pressurisation module is designed to control the backpressure of the system in the 
range 0-10bar. 

 

The pressurisation module is constructed from anodised aluminium to give a “wipe clean” 
surface.  The BPR (Back Pressure Regulator) is constructed from glass, Teflon and PEEK. 

Maintenance 

Cleaning the BPR 

· The BPR may leak or become blocked if particles become trapped in the assembly. 
To clean: 

· Holding the BPR with the text facing upwards, unscrew the ribbed PEEK part. 
· Remove the glass chip and the thin plastic membrane by lifting over the dowels 
· Check the plastic membrane and replace if damaged. 
· Clean all parts with acetone and a soft lintfree cloth. 
· Before re-assembly, douse the parts in acetone to ensure that all surfaces are free 

from particles. 
· Place the diaphragm over the dowel pins 
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· Place the glass chip over the dowels, etched side down and with port orientation as 
shown in the picture 

· Screw the two parts together and finger tighten 
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4.1.6 Pump 

Product Name: FRX™ Pump  Catalogue Number:  2101305 

 
Description 

The FRX™ pump is one of the most vital components within the fluidic system.  The pumps 
give the driving force for all the fluidic movement within the system.   

Specification 

Maximum Pressure  0 to 50 bar for 10 mL/min PEEK™ pump heads 

Flow Range  0.01 to 9.99 ml/min  

Flow Rate Accuracy  ±1%, measured at 1 ml/min  

Flow Rate Precision  RSD 0.3%, measured at 1 ml/min  

Display Four digit LCD display 

Power supply 230/115 V, 50/60 Hz with supplied AC/DC adapter 

Dimensions / Weight 150 x 250 x 370 mm (W x H x D) / 5 kg 

Features Prime purge valve 

 Pulse damper 

 User-settable upper and lower pressure  

Wetted materials :  PTFE, Sapphire, Ruby, PEEK 

All wetted parts easily replaceable without tools 

 

Further Details 

The FRX™ Pump Features: 

· Prime purge valve 
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· Dual inlet and outlet check valve assure reliability 
· Active piston wash 
· Digital stepper motor design - prevents flow rate drift over time and temperature, which is 

a common problem found in analogue designs 
 

Self-Flushing Pump Heads 

Self-flushing pump heads provide continuous washing of the piston surface without the 
inconvenience of a manual flush or gravity feed arrangement. The self-flushing pump head 
uses a secondary seal and set of check valves to create a continuous and positive flow in 
the area behind the high-pressure pump seal.  The flushing solution washes away any buffer 
salts that have precipitated onto the piston. If not removed, these precipitates can abrade the 
high-pressure seal and cause premature seal failure, leakage, and can possibly damage the 
pump.  Self-flush is achieved using a 20% solution of Methanol in water.  This should be 
changed weekly. 

 

Self-Flush and Seal Life 

It is recommended that the Self Flush feature be used to improve seal life in a number of 
applications. In particular, (as stated above) if pumping Buffers, Acids/Bases or any 
inorganic solution near saturation, the pump should utilize the Self Flush feature. With every 
piston stroke, an extremely thin film of solution is pulled back past the seal. If this zone is dry 
(without use of Self Flush) then crystals may form with continuous operation, which will 
ultimately damage the seal. Water or water/IPA mix is good choices for the flush solution. 
Consult Syrris for specific recommendations.  

 

Another application where Self Flush is highly recommended is when pumping 
Tetrahydrofuran (THF) or other volatile solvents such as acetone. Volatile solvents will dry 
rapidly behind the seal (without the use of Self Flush), which will dry and degrade the seal. 
IPA, Methanol, water/IPA mix or water/Methanol mix are good choices for the flush solution. 

Maintenance 

For details of pump maintenance please see Appendix 2 – Pump Maintenance. 
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4.1.7 Reactor Adaptor 

Product Name: Reactor Adaptor  Catalogue Number:  2101311 

 

Left: The reactor adaptor,  

Right: Reactor adapter with micro reactors, column reactors and cooling insert.  

Description 

The reactor adaptor is the heart of the FRX™ system.  Despite not being an active fluidic 
module the reactor adaptor performs two vital functions.  Firstly it provides support for 
microreactors and four different column reactors allowing up to four microreactors or 
columns to be used simultaneously.  Secondly, the reactor adaptor can provide heating and 
cooling for any devices mounted on it.   

The adaptor can be placed on any standard size hotplate, which allows it to be heated.  The 
cooling insert (listed separately) can be fitted in the middle of the system that then allows the 
temperature of the block to be controlled from  a circulator. 

Specification 

The reactor adaptor is designed to hold 4 reactors simultaneously (either column adaptors or 
microreactor adaptors).   

The reactor adaptor should not be exposed to temperatures exceeding 300°C. 

The lid of the reactor adaptor is removable to allow the cooling insert to be fitted and allow 
increased air circulation to aid natural cooling 

Wetted materials 

None – System constructed from anodised aluminium for compatibility and durability. 

Maintenance 

The system can be cleaned by immersion in weak detergent solution. Do not use aggressive 
cleaners 
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4.1.8 Reagent Module 

Product Name: Reagent Module  Catalogue Number:  2101308 

 
Description 

The FRX™ reagents module has been designed to allow users to introduce small volumes 
of materials into a reactant flow.  The reagent loops can be filled from a syringe and then 
flushed into the reactant stream.  This will introduce a “slug” of reagent into the flow.  Two 
reagent loops are included on each system, these are mounted on a stand which is 
designed to fit under the hotplate within the system. 

 

How to use the FRX™ reagent loops 

The diagram below shows how the reagent loops should be connected and illustrates the 
fluidic connections in the “load” and “inject” positions. 
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Specification 

Wetted materials - ECTFE, PEEK, 

 

Maintenance  

No user maintenance is possible.  

 

 

 FRX™ 
Pump 

Reactor Reactor 

1) Load  reagent into loop 2) Inject  loop inline (between 
pumps and chip) 

Sample 
loop 

 FRX™ 
Pump 

Waste 
Waste Sample 

loop 
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4.2 FRX Accessories 

 

4.2.1 Microreactor  

Product Name: Microreactor  Catalogue Number:  

2100142FRX Microreactor – 62.5� l – 3 inlet 

2100144FRX Microreactor - 250� l - 3 inlet 

2100146FRX Microreactor - 1000� l - 3 inlet 
 

 

Description 

The Syrris microreactors are glass microchip 
chemical reactors.  These novel reactor 
systems are designed to allow microscale 
reactions to be conducted easily.  Shown 
above is the chip in its holder, which is then 
inserted into the microreactor adaptor (far 
right).  The header is then fitted to allow easy 
interfacing of standard tubing (shown 
attached to the chip on the right).  

Several different reactor configurations are 
possible giving a range of different internal 
volumes and hence reaction times (the 
residence time of the chemicals within the 
reactor changes with volume assuming the 
flow rate remains constant). 

 
Microreactor with Chip header and adaptor  

Specification 

Wetted materials - Glass, PTFE, FFKM 

Maintenance 

- Unblocking Microreactors 

From time to time precipitates may form in a reaction and block a microreactor, however it is 
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almost always possible to unblock a microreactor.  It is often sufficient to simply change 
solvents, reverse direction of flow and carry on pumping through the microreactor at a low 
flow rate, however, you may find the following tips useful. 

- Choose rescue solvent 

Virtually all blockages in microreactors are porous, that is they let some flow though, 
however little. This means that you will almost certainly be able to get a “rescue” solvent to 
the site of the blockage.  Ensure the rescue solvent you intend to pump through will have a 
high chance of dissolving the solid in the microreactor.  This will be dependant upon the 
chemistry being performed, but if the nature of the precipitate is unknown, the following 
solvents/reagents may be a good starting point: 

1:1 acetonitrile:water 

1:1 dichloromethane:methanol 

2-6M aqueous sodium hydroxide 

- Purge rescue solvent up to microreactor 

When unblocking microreactors, exactly the same method of pumping solvent into the 
microreactor can be used as for Standard Microreactor Cleaning (above).  However, to allow 
the solvent to reach the blockage quicker (which may be important at low flow rates), it may 
be necessary to purge the pipe up to the microreactor with rescue solvent.  To do this, 
disconnect the pipe from the microreactor header and pump a sufficient volume of rescue 
solvent through. 

- Reverse direction 

Typically, as a precipitate forms, particles may get stuck e.g. on the wall of the microreactor 
which will cause other particles to get stuck and so the blockage can turn into a “filter pad”.  
Simply reversing the direction of flow can help to break up this blockage and allow flow in the 
reverse direction. 

To do this, connect the purged pipe containing rescue solvent to the “output” port in the 
microreactor header and connect 2 or 3 spare pieces of pipe to the inputs (depending on the 
number of inputs to the microreactor!). 
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4.2.2 FRX Microreactor header 

Product Name: Chip Header Catalogue Number:  2100147 

Description 

The microreactor header is designed to 
allow rapid and repeatable connection of 
fluidic modules into the microreactor.  
Using specially designed FFKM o-rings this 
header can be swapped from one reactor 
to another with no need to remake 
connections.   

 
Specification 

 

Wetted materials - Glass, FFKM, ECTFE 

Maintenance  

To connect a pipe. 

 

 

 

 

 
 

· Place the chip connector on a flat 
surface. Press in the plunger (shown in 
red in the photograph for clarity) that 
relates to the particular hole. Feed the 
pipe through the hole until it is touching 
the surface. Release plunger. 

 
 

· Once clamped (when the plunger is 
released) the sealing rings can be 
fitted. Press the rings over the pipe on 
the underside. 

 

 

 

· Place the chip connector onto the 
holder 

 

 

 

· Tighten the 2 thumbscrews tightly. Do 
not use a tool to tighten as this may 
crack the chip. 
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4.2.3 Column Reactors 

Product Name: Column Reactors Catalogue Number:   

2101341FRX column, size 1, 

2101342FRX column, size 2, 

2101343FRX column, size 3, 

2101344FRX column, size 4,  

2101345FRX column pack 
 

 
This, size 3 column reactor is shown with a column adaptor 

Description 

Solid phase columns can be used within the FRX™ system to allow solid materials to 
interact with the flow.  The solids can be catalysts, solid-supported reagents or scavengers 
and are packed into columns that can be either heated or cooled using the reactor adaptor.  
These are used with a column adaptor (shown above) to provide even heating.  A column 
pack is also available containing one of each size of columns. Need to add column 
dimensions! 

Specification 

A range of different column reactors is available offering different volumes to suit a wide 
range of applications. 

Wetted materials 

Glass, Teflon 

Maintenance 

No user maintenance possible 
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4.2.4 Sample loops 

 

Product Name: Sample Loops Catalogue Number:   

21107235ml Sample loop 

210015610ml Sample loop 
 

 

Description 

Sample loops are used to hold volumes of material that can be injected into a flow system 
using the Reagent Module.  Two volumes are available 5ml and 10ml.  The sample loops 
contain PTFE tube for maximum compatibility. 

Specification  

Wetted materials - PTFE 

Maintenance 

No user maintenance possible 
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4.2.5 Tube Reactor 

Product Name: Tube Reactor  Catalogue Number:   

21006324ml PTFE tube reactor 

210063316ml PTFE tube reactor 
 

 

The FRX tube reactor is shown here with a 2-input mixer 

Description 

The FRX™ tube reactor has been designed to allow large 
volumes of material to be reacted within a microfluidic system.  
The tube reactor contains a length of PTFE tube designed to 
allow longer residence/reaction times with higher flow rates. The 
increase in flow rate gives rise to the possibility to manufacture 
several tens of grams in a relatively short period of time.  

The tube reactor has a single input and output and therefore 
needs to be used with a mixing-T to combine flows before the 
reactor. 

To increase the tube reactors heating and cooling characteristics 
it is supplied with a locating ring which deflects some of the heat 
from the hotplate away from the top of the reactor making 
conduction the main mechanism of heat transfer.  A second ring 
is also provided to further increase the cooling potential of the 
system. 

Specification 

Two different versions of the tube reactor are available – the first has an internal volume of 
4ml whilst the second is 16ml. 

The PTFE tubing used within the tube reactor is 0.8mm ID has a maximum temperature of 
125°C and a maximum pressure of 10bar. 

We supply a PEEK inlet adaptor- though an optional ECTFE one can be ordered  

 

Maintenance 

No user maintenance possible.  Contact Syrris for servicing information. 
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4.2.6 2/3-Input Mixers 

Product Name: 2/3 input mixers 

 

Catalogue Number:   

2100830 2-input mixer (PEEK) 

2100831 3-input mixer (PEEK) 

2100914 2-input mixer (ECTFE) 

2100915 3-input mixer (ECTFE) 
 

Description 

The input mixers are used in conjunction with 
tube reactors to allow more than one liquid 
component.  Versions are available with 
either two or three inputs and although 
routinely made from PEEK, high chemical 
resistance ECTFE mixers are available. 

2-Input Mixer in PEEK 

Specification 

Wetted materials - PEEK or ECTFE 

Maintenance 

No user maintenance possible 

 

 

4.2.7 Column adaptor 

Product Name: Column Adaptors 

 

Catalogue Number:   

2101339FRX Column adaptor 1 

2101340FRX Column adaptor 2 
 

Description 

The column adaptor allows FRX columns to 
be mounted on the reactor adaptor.  They 
are available in two sizes and come 
complete with a cover to ensure even heat 
distribution.  

FRX Column with adaptor 

Specification 

Two different column adaptors available.  Adaptor 1 fits size 1 & 4 columns whilst adaptor 2 
fits size 2 and 3.  The body of the reactor is constructed from aluminium for good heat 
distribution whist the cover and handle are steel.  Please be aware that the handle may get 
hot when elevated reactor temperatures are used. 

Wetted materials – None. 

Maintenance 

No user maintenance possible 
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4.2.8 Microreactor adaptor 

Product Name: Microreactor adaptor Catalogue Number:  2101346 

Description 

The microreactor adaptor allows 
microreactors to be mounted on the reactor 
adaptor.  The backplate (constructed from 
aluminium) is designed to transfer heat from 
the central reactor adaptor through to the 
glass of the microreactor.  The adaptor is 
designed to allow microreactors to simply 
clip in place making changing reactors 
simple. 

 

FRX microreactor adaptor 

Specification 

 

Wetted materials – None. 

Maintenance 

No user maintenance possible 

 

 

4.2.9 FRX Collection Needle 

Product Name: FRX Collection Needle Catalogue Number:  2101350 

Description 

The collection needle can be used with the 
collection module to hold tubing in line with 
the desired vessel.  They are also used with 
collection bottles to allow tubing to be 
conveniently changed from one bottle to 
another. 

 

 
Specification 

 

Wetted materials – None. 

Maintenance 

No user maintenance possible  
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4.2.10 Pneumatic adaptor pack 

Product Name: Pneumatic adaptor pack Catalogue Number:  2101352 

Description 

This set contains a range of adaptors offering connectivity between the 4mm air pipes used 
on both the FLLEX and Pressurisation modules to a variety of laboratory air-line outlets. 

 

Specification 

Wetted materials – None. 

Maintenance 

No user maintenance possible 

 

 

4.2.11 FRX temperature probe 

Product Name: FRX Temperature probe Catalogue Number:  2101353 

Description 

This is a temperature probe for the FRX hotplate.  This enables the temperature to be 
monitored/controlled from a representative location (within the tube reactor, microreactor 
adaptor or column adaptor).  It comes complete with connection to the back of the hotplate.  

Specification 

 

Wetted materials – None. 

Maintenance 

No user maintenance possible 
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4.3 FRX Consumables 

Catalogue 
Number 

Item Description 

2101314 
FRX collection bottle 
boxed 

500ml “SCHOTT DURAN” collection bottle with cap to 
accept collection needle 

2101336 
FRX collection vials, small 
(50 pk) 

2ml Glass vials for use in Collection Module 

2101337 
FRX collection vials, 
medium (50 pk) 

8ml Glass vials for use in Collection Module 

2101338 
FRX collection vials, large 
(50 pk) 

40ml Glass vials for use in Collection Module 

2101347 
FRX interconnect pack  
(5 x 20cm) 

Five 20cm lengths of PTFE 1.6mm OD 0.5mm ID 
complete with pre-made gripper connections. 

2101348 
FRX interconnect pack  
(5 x 50cm) 

Five 50cm lengths of PTFE 1.6mm OD 0.5mm ID 
complete with pre-made gripper connections. 

2101349 
FRX interconnect pack  
(5 x 100cm) 

Five 100cm lengths of PTFE 1.6mm OD 0.5mm ID 
complete with pre-made gripper connections. 

2101407 FRX bottle pack (250ml) 
Set of five 250ml “SCHOTT DURAN” bottles with 
septum lids for use with FRX system 

2101351 FRX bottle pack (500ml) 
Set of five 500ml “SCHOTT DURAN” bottles with 
septum lids for use with FRX system 

2101355 
FRX FLLEX maintenance 
pack 

A spares pack containing gaskets, membranes and 
diaphragms. 

2101356 

FRX pressurisation 
module maintenance 
pack, 

A spares pack containing gaskets and diaphragms. 

2101357 
FRX pump maintenance 
pack, 

A spares pack containing seals, check valves and filters. 

(Other spares items are available – contact Syrris for 
details) 

2101401 FRX 100 plumbing set 

A set of PTFE 1.6mm OD 0.5mm ID tubes for 
connection of an FRX100 system.  Complete with 
Gripper fittings where appropriate. 

2101402 FRX 200 plumbing set 

A set of PTFE 1.6mm OD 0.5mm ID tubes for 
connection of an FRX200 system.  Complete with 
Gripper fittings where appropriate. 

2101403 FRX 300 plumbing set 

A set of PTFE 1.6mm OD 0.5mm ID tubes for 
connection of an FRX300 system.  Complete with 
Gripper fittings where appropriate. 

2101404 FRX 400 plumbing set 

A set of PTFE 1.6mm OD 0.5mm ID tubes for 
connection of an FRX400 system.  Complete with 
Gripper fittings where appropriate. 

2110713 Flow Tubing Starter Pack 

A range of PTFE 1.6mm OD 0.5mm ID tubes and other 
accessories useful when getting started in flow 
chemistry. 

 



 

Syrris Ltd   

FRX User guide  Page 44 

 

5 Other Syrris Flow Instrumentation 

 

The FRX™ systems offer a manual, low cost, easy to use and flexible introduction to flow 
chemistry.   Syrris also offer a more sophisticated, fully automated range of flow products 
that allow walk away reaction optimisation or library synthesis with on line HPLC analysis for 
example. 

 

5.1 AFRICA 

 

Shown here is the full range of products known as the Syrris AFRICA System (Automated 
Flow Reaction Incubation and Control Apparatus).  This system can be broken down into 
several modules that can be used to better explain their functionality. 

 

5.1.1 AFRICA Synthesis Modules 

 

The basic AFRICA Synthesis Modules enable 
pressurised flow reactions with independently 
controlled substrate/reagent inputs and two reaction 
locations, independently temperature controlled. 

The AFRICA Synthesis Modules consists of the 
following. 

Reagent Pump 

Each pump module has 2 flow channels. This 
enables 2 independent continuous flows of 
substrate/reagent to be pumped into the reactor 
between 4µl and 2500µl per minute. All the wetted 
parts are chemically resistant (glass & PTFE) and 
are user replaceable 

Heater Cooler 

Each Heater/Cooler module has 2 temperature 
plates into which the reactors can be clipped. Each 
temperature plate can be one of two temperature 
ranges: 0°C – 150°C and 40°C - 250°C. These can 
be defined when purchasing. 

Reagent Store  

The Reagent Store contains 4 independent manual 
valves with accompanying PTFE sample loops and 
Luer injection ports. This allows reagents (or 



 

Syrris Ltd   

FRX User guide  Page 45 

 

solvents) to be added in-line. 

Pressurisation Module  

The Pressurisation module serves three major 
functions: avoiding bubbles in the flow reactor, inert 
gas blanket over inputs and enabling superheating 
of the reaction (by pressurisation). 

 

5.1.2 AFRICA Analysis Modules 

 

The AFRICA Analysis modules enable each 
reaction to be automatically analysed by HPLC. 

The AFRICA Analysis Modules consist of the 
following. 

Sampler and Diluter 

The Sampler and Dilutor is the interface between 
the Synthesis system and the Analysis system. 

HPLC Pump 

The HPLC Pump Module enables the user to 
perform isocratic or binary gradient elution at flow 
rates from 0.1 ml/min up to 2ml/min. 

UV Detector  

The UV Detector is a single, variable wavelength 
unit and can operate at any wavelength between 
190nm and 400nm 

Solvent Store  

This module is a location to store solvent supply 
and waste bottles 

 

5.1.3 AFRICA Liquid Handling Modules 

 

 

The AFRICA Liquid Handling System enables 
entirely automated flow synthesis, with reagent 
injection and product collection.  It consists of the 
following. 

Reagent Injection Module 

The Reagent Injection modules together enable 
fully automated aspiration of up to 100s of 
solutions from a robot deck and subsequent timed 
injection into the flow reactor. 

Product Collection Module 

The Product Collection Modules enable individual 
reactions/samples to be automatically collected in 
tubes, vials etc. 
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5.1.4 AFRICA Flow Liquid Liquid Extraction Module 

 

FLLEX  

The FLLEX module enables Flow Liquid-Liquid 
Extraction for the AFRICA automated flow 
chemistry system.  It differs from the FRX™ 
version in that it can automatically detect correct 
separation and correct when this is not achieved. 

 

 

 

5.1.5 AFRICA Software 

 

Software  

To achieve full automation AFRICA needs 
software to control, monitor and review the 
individual modules to create an operational 
system.  All AFRICA modules are fully software 
integrated which enables experiments to be 
planned, controlled and results collated. 
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6 Appendix 1 - Full Parts List 

 

Part Number Description 

2100144 FRX MICROREACTOR - 250ul - 3 INLET CHIP 

2100142 FRX MICROREACTOR - 62.5ul - 3 INLET CHIP 

2100146 FRX MICROREACTOR - 1000ul - 3 INLET CHIP 

2100147 FRX MICROREACTOR PIPE HEADER 

2100632 4ml PTFE TUBE REACTOR 

2100633 16ml PTFE TUBE REACTOR 

2100831 TUBE REACTOR INPUT CONNECTOR, 3-in, PEEK 

2101300 FRX SOFTWARE  

2101301 FRX SYSTEM 1  

2101302 FRX SYSTEM 2  

2101303 FRX SYSTEM 3  

2101304 FRX SYSTEM 4  

2101305 FRX PUMP  

2101306 FRX FLLEX MODULE ASSEMBLY  

2101307 FRX PRESSURISATION MODULE  

2101308 FRX REAGENT MODULE  

2101309 FRX COLLECTION MODULE  

2101310 FRX IKA HOTPLATE  

2101311 FRX REACTOR ADAPTOR 

2101312 FRX COOLING INSERT 

2101314 FRX COLLECTION BOTTLE  

2101336 FRX COLLECTION VIALS, SMALL (50 PK)  

2101337 FRX COLLECTION VIALS, MEDIUM (50 PK)  

2101338 FRX COLLECTION VIALS, LARGE (50 PK)  

2101339 FRX COLUMN ADAPTOR 1 (Sizes 1 & 4) 

2101340 FRX COLUMN ADAPTOR 2  (Sizes 2&3) 

2101341 FRX COLUMN, SIZE 1 

2101342 FRX COLUMN, SIZE 2 

2101343 FRX COLUMN, SIZE 3 

2101344 FRX COLUMN, SIZE 4 

2101345 FRX COLUMN PACK 1 OF EACH SIZE  

2101346 FRX MICROREACTOR ADAPTOR  

2101347 FRX INTERCONNECT PACK (5 x 20cm) 

2101348 FRX INTERCONNECT PACK (5 x 50cm) 

2101349 FRX INTERCONNECT PACK (5 x 100cm) 

2101350 FRX COLLECTION NEEDLE  

2101351 FRX BOTTLE PACK  

2101352 FRX PNEUMATIC ADAPTOR PACK  
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2101353 FRX TEMPERATURE PROBE 

2101354 FRX REAGENT LOOP SYRINGE 

2101355 FRX FLLEX MAINTENANCE PACK 

2101356 FRX PM MAINTENANCE PACK 

2101357 FRX PUMP MAINTENANCE PACK 

2101401 FRX 100 PLUMBING SET  

2101402 FRX 200 PLUMBING SET  

2101403 FRX 300 PLUMBING SET  

2101404 FRX 400 PLUMBING SET  

2110713 FLOW TUBING STARTER PACK 
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7 Appendix 2 – Pump Maintenance 

Cleaning and minor repairs of the FRX™ pump can be performed as outlined below. 

 

Note:   Lower than normal pressure, pressure variations, or leaks in the pumping system can 
all indicate possible problems with the piston seal, piston, or check valves. Piston 
seal replacement could be necessary after 1,000 hours of running time. See Section 
7.2.3. 

7.1 Filter Replacement 

Inlet filters should be checked periodically to ensure that they are clean and not restricting 
flow. A restriction could cause cavitation and flow loss in the pump. Two problems that can 
plug an inlet filter are microbial growth and impure solvents. 

7.2 Changing Pump Heads 

7.2.1 Removing the Pump Head 

As a guide to pump head assembly, the standard pump heads are shown in Figures 5-1 
through 5-4. All of the FRX™ pump heads have a similar arrangement. 

 

1. Turn OFF the power to the FRX™ pump. 
2. Unplug the power cord. 
3. Remove the inlet line and filter from the solvent reservoir. Be careful not to damage the 

inlet filter or crimp the Teflon™ tubing. 
4. Remove the inlet line from the inlet check valve. 
5. Remove the outlet line from the outlet check valve. 
6. Remove inlet and outlet self-flush lines. 
7. Remove the two knurled nuts at the front of the pump head. 
 

CAUTION:  Be careful not to break the piston when removing the pump head. Twisting the 
pump head can cause the piston to break. 
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8. Carefully separate the pump head from the pump. Move the pump head straight out from 
the pump and remove it from the piston. Be careful not to break or damage the piston. 
Also remove the seal and seal backup washer from the piston if they did not stay in the 
pump head. 

9. Carefully separate the flush housing from the pump. Move the flush housing straight out 
from the pump and remove it from the piston. Be careful not to break or damage the 
piston. Also remove the self-flush seal from the piston if it did not stay in the flush 
housing. 

 
7.2.2 Cleaning the Pump Head Assembly 

Note:   If you choose to remove the piston seal or self-flush seals, you should have a new 
set on hand to install after cleaning. It is not recommended that you reinstall used 
piston or self-flush seals since they are likely to be scratched and damaged during 
removal and would not provide a reliable seal if reused. If you decide to remove the 
seals, use only the flanged end of the plastic seal removal tool supplied with the seal 
replacement kit and avoid scratching the sealing surface in the pump head. See 
Section 5.2.3 for seal replacement instructions. 

 

1. Inspect the piston seal cavity in the pump head. Remove any foreign material using a 
cotton swab, or equivalent, and avoid scratching the sealing surfaces. Repeat for the self 
flush housing. Be sure no fibres from the cleaning swab remain in the components. 

2. The pump head, check valves, and self-flush housing may be further cleaned using a 
laboratory grade detergent solution in an ultrasonic bath for at least 30 minutes, followed 
by rinsing for at least 10 minutes in distilled water. Be sure that all particles loosened by 
the above procedures have been removed from the components before reassembly. 

3. If the check valves have been removed, tighten each check valve to 10-15 inchpounds 
(this should be 75 in the case of stainless steel heads).  

 

4. If the piston and flushing seals have been removed, insert new seals as described in 
Section 7.2.3, then continue with Section 7.2.5 to replace the pump head. 

 

7.2.3 Replacing Piston Seals 

Lower than normal pressure, pressure variations, and leaks in the pumping system can all 
indicate possible problems with the piston seal. Depending on the fluid or solvent used, 
piston seal replacement is often necessary after 1000 hours of running time. Each 
replacement seal kit contains one seal, one backup washer, one self-flush seal, one non-
flush guide bushing, two seal insertion/removal tools, and a pad to clean the piston when 
changing the seal. 

7.2.3.1 Removing the Seals 

1. Remove the pump head as described in Section 7.2.1. 
2. Insert the flanged end of the seal insertion/removal tool into the seal cavity on the pump 

head. Tilt it slightly so that flange is under the seal and pull out the seal. 
 

CAUTION: Using any other “tool” will scratch the finish. 

 

3. Repeat the procedure for the low-pressure seal in the flush housing. 
4. Inspect, and if necessary, clean the pump head as described in Section 7.2.2. 

7.2.3.2 Cleaning the Piston 
1. Once the pump head and self-flush housing are removed, gently remove the seal back-

up plate by using either a toothpick or small screwdriver in the slot on top of the pump 
housing. 
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2. Grasp the metal base of the piston assembly so that you avoid exerting any side load on 
the sapphire rod, and remove the piston from the slot in the carrier by sliding it up. 

3. Use the scouring pad included in the seal replacement kit to clean the piston. Gently 
squeeze the piston within a folded section of the pad and rub the pad along the length of 
the piston. Rotate the piston frequently to assure the entire surface is scrubbed. Do not 
exert pressure perpendicular to the length of the piston, as this may cause the piston to 
break. After scouring, use a lint-free cloth, dampened with alcohol, to wipe the piston 
clean. 

4. Grasp the metal base of the piston assembly, and insert it into the slot in the piston 
carrier until it bottoms in the slot. 

7.2.3.3 Replacing the Seals 
 

1. Place a high-pressure replacement seal on the rod-shaped end of the seal 
insertion/removal tool so that the spring is visible when the seal is fully seated on the 
tool. Insert the tool into the pump head so that the open side of the seal enters first, 
facing the high-pressure cavity of the pump head. Be careful to line up the seal with the 
cavity while inserting. Then withdraw the tool, leaving the seal in the pump head. When 
you look into the pump head cavity, only the polymer portion of the seal should be 
visible. 

2. Place a self-flush replacement seal on the seal insertion/removal tool so that the spring 
in the seal is visible when the seal is on the tool. As in the previous step, insert the tool 
and seal into the seal cavity on the flushing housing, taking care to line up the seal with 
the cavity, and then withdraw the tool. When the seal is fully inserted only the polymer 
part of the seal will be visible in the seal cavity.  

3. Place seal back-up washer over the high-pressure seal. Place seal back-up plate back 
into pump housing if it was removed. Orientation is not important in these cases. 

4. Attach the pump head as described in Section 7.2.5. 
 
 
7.2.4 Changing the Piston  

1. Remove the pump head as described in Section 7.2.1. 
2. Grasp the metal base of the piston assembly so that you avoid exerting any side load on 

the sapphire rod, and remove the piston from the slot in the carrier by sliding it up. 
3. Grasp the metal base of the replacement piston assembly, and insert it into the slot in 

the piston carrier until it bottoms in the slot. 
4. Attach the pump head as described in Section 7.2.5. 
 
7.2.5 Replacing the Pump Head 

1. Make sure that the inlet valve is on the bottom and the outlet valve is on the top. Carefully 
align the self-flush housing and gently slide it into place on the pump. If misalignment with 
the piston occurs, gently push up on the piston holder. 

2. Line up the pump head and carefully slide it into place. Be sure that the inlet valve is on 
the bottom and the outlet valve is on the top. Do not force the pump head into place. 

3. Finger tighten both knurled nuts into place. To tighten firmly, alternately turn nuts 1/4 turn 
while gently wiggling the pump head to centre it. 

4. Re-attach the inlet and outlet lines. Reconnect the self-flush lines and fittings to the self-
flush check valves. Change the flushing solution. 

7.3 Check Valve Cleaning 

Many check valve problems are the result of small particles interfering with the operation of 
the check valve. Most problems can be solved by pumping a strong solution of detergent (eg 
Decon) through the check valves at a rate of 1 mL/min for one hour. After washing with 
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detergent, pump distilled water through the pump for fifteen minutes. If this does not work, 
the check valve should be replaced. 

7.4 Cleaning the Pump 

1. Disconnect the column inlet tube from the column. 
2. Direct the column inlet tube (the tube from the injector outlet) to a waste beaker. 
3. Set the flow rate to maximum. 
4. Turn the injector to the INJECT position. 
5. Pump 100% isopropanol through the pump and injector for 3 minutes. 
6. Pump 100% filtered, distilled water through the pump and injector for 3 minutes. For 

stainless steel flow paths, proceed to Step 7; For PEEK™ flow paths, the cleaning 
procedure is completed. 

 
The pump is now prepared for any solvent or short- or long-term shutdown. 

 

7.5 Cleaning the cabinet 

Cabinet may be cleaned with tap water or mild soap solution. 
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8 Appendix 3 – Solvent/Reagent Preparation 

Proper solvent preparation will prevent a great number of pumping problems within a flow 
system. The most common problem is bubble formation, which may affect the flow rate 
consistency. Aside from leaky fittings, the problem of bubble formation arises from two 
sources: solvent out-gassing and cavitation.  

 

8.1 Solvent out-gassing and Sparging 

Solvent out-gassing occurs because the solvent contains dissolved atmospheric gases, 
primarily N2 and O2. These dissolved gases may lead to bubble formation and should be 
removed by degassing the solvent before or during use. The best practical technique for 
degassing is to sparge the solvent with standard laboratory grade (99.9+%) helium. Helium 
is only sparingly soluble in standard solvents, so other gases dissolved in the solvent diffuse 
into the helium bubbles and are swept from the system. Solvent filtration is not an effective 
alternative to helium degassing. It is recommended that you sparge the solvent vigorously 
for 10 to 15 minutes before using it. Then maintain a trickle sparge during use to keep 
atmospheric gases from dissolving back into the solvent. The sparged solvent must be 
continually blanketed with helium at 2 to 3 psi. Non-blanketed sparged solvents will have 
atmospheric gases dissolved back into the solvent within four hours.  Alternative degassing 
techniques, such as vacuum degassing, sonicating in an ultrasonic bath, may also be used. 

Solvent mixtures using water and organic solvents (like methanol or acetonitrile) hold less 
dissolved gas than pure solvents. Sparging to reduce the amount of dissolved gas is 
therefore particularly important when utilizing solvent mixture. Even with sparging some out-
gassing may occur. 

The FRX™ pressurisation module will help prevent bubbles from forming. 

 

WARNING:  Always release pressure from the pump slowly. A rapid pressure release 
could cause the pulse damper diaphragm to rupture. 

8.2 Cavitation 

Cavitation occurs when inlet conditions restrict the flow of solvent and vapour bubbles are 
formed during the inlet stroke. The key to preventing cavitation is to reduce inlet restrictions. 
The most common causes of inlet restrictions are crimped inlet lines and plugged inlet filters. 
Inlet lines with tubing longer than 48" (120 cm) or with tubing of less than 0.085" (2 mm) ID 
may also cause cavitation. Placing the solvent reservoirs below the pump level also 
promotes cavitation. The optimal location of the reservoirs is slightly above the pump level, 
but it is adequate to have them on the same level as the pump. 

8.3 Filtration 

Solvent filtration is good practice for the reliability of the FRX™ pump and other components 
in a flow system. Solvents should always be filtered with a 0.5 micron filter prior to use. This 
ensures that no particles will interfere with the reliable operation of the piston seals and 
check valves. Solvents in which buffers or other salts readily precipitate out will need to be 
filtered more often. After filtration, the solvents should be stored in a closed, particulate-free 
bottle. 
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9 Appendix 4 - Gripper Fitting Instructions 

 

9.1 How to terminate tubing 

Gripper fittings are a flangeless tube connection system, which incorporate a PTFE seal 
housed in a 316 Stainless Steel case. These provide a minimal dead volume and low flow 
disturbance connection. The gripper system is ideal for repeated connect/disconnect 
operation. These fittings do not twist the tubing during connection and are pressure rated to 
1000 Psi (68 Bar) 

 

1) With a scalpel, cut the tubing to 
form a point approximately 30mm 
long. This enables the tube to be 
passed through the gripper.  

 

2) Fit tube end fitting to tube. Then fit a 
gripper to the tube ensuring the PTFE 
seal is facing towards the pointed tube 
end.  

 

3) With the aid of pliers or similar, grip the pointed 
tube end and pull though the gripper until the PTFE 
seal has reached the uncut section of the tube. 
Keeping the gripper as perpendicular as possible to 
the tube will ensure the best performance.  

 

4) Rotate the gripper around the tube 3 or 4 times to seat the gripper on the tube correctly. 

 

5) Using a scalpel, cut the pointed tube end as 
close to the PTFE face as possible.  The tube 
assembly can now be tightened into a fitting to 
make a permanent seal. Always take care when 
using scalpels.  

 

Safety precautions.  Always make tube cuts away from body and keep fingers away from 
blade. 

 


