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One of the key differences between batch and flow is that for flow reactions, residence time, 
reactor volume and throughput are all linked.  Therefore increasing the volume of the 
reactor will increase the residence time (if the flow rate is kept constant) or increase the flow 
rate (if the residence time is kept constant).  
 

Residence time = Reactor Volume / Flow Rate  
 
This document gives information on how to select the right reactor for the right application. 
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There are two families of reactor available for the AFRICA system; chip & tube. 
 
Chip reactors are available in 62.5ml, 250ml and 1000ml volumes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tube reactors are available from 1000ul to 16000ul volumes. 
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The AFRICA reagent pumps can use 3 different syringe size pairs, which result in 3 flow 
rate ranges (and accuracies). 
 

· Yellow   4 – 250  ml/min  in 0.5ml/min steps 
· Green   20 - 1250ml/min  in 2.5ml/min steps 
· Blue    40 - 2500ml/min  in 5ml/min steps 
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The total flow rate required is calculated by the AFRICA system by dividing the reactor 
volume entered by the desired residence time 
 
Given that in most circumstances, the residence time is defined by the chemistry, i.e. fixed, 
a choice is available between high throughput and low material consumption.  It is the size 
of the reactor that affects this flow rate.  
 
In the example of a 5 minute residence time, if a 62.5ml reactor is used, the total flow rate 
will be 12.5ml/min, for a 16000ml reactor the total flow rate will be 3200ul/min.  Therefore if a 
larger quantity of product is required, a larger reactor should be selected or if starting 
materials are in short supply a smaller reactor can be used. 
. 
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The AFRICA system calculates the flow rate required for each input by dividing the total flow 
rate calculated (above) by the number of inputs and accounts for concentration of reagents 
made up and the desired stoichiometry. 
 
The total flow rate will often not be split equally between the number of inputs.  Equal flows 
will only occur when the reagent stock solutions have been made up such that an equal 
volume of each generates the desired reaction condition.  
 
Differing concentrations of stock solutions or different stoichiometries with have a 
requirement for one reagent to be pumped at a higher or lower flow rate. 
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The AFRICA software takes account of the concentration that reagent solutions are made 
to.  If equal stoichiometries of A & B are required on an “A+B® C” reaction and both 
solutions are equal concentration, the flow of each input will be half the total flow. 
In the case where the concentration ratio of A:B is x:y, the flow ratio will be y:x to account 
for the different concentrations.  
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The AFRICA software also calculates the flow rate of each input depending on the required 
stoichiometry entered.  Therefore, (assuming equal concentrations) if an “A+B® C” reaction 
requires a ratio of stoichiometries, the reagents will be pumped at that same ratio.  
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When defining the chemistry to be performed, it is recommended that flow rate ratios 
between any two inputs should ideally be close to 1:1 and not greater than 5:1.  Therefore, 
make up stock solutions that have a similar concentration ratio to their required 
stoichiometry. 
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Each syringe pair size - yellow, green & blue - has its own flow rate range (see 2.2).  
Therefore if the calculated flow rate is above or below the selected syringe flow rate range, 
a warning will be generated.  It should be noted that if the calculated flow rate is too low, 
either a lower flow rate syringe should be selected or a larger reactor chosen and visa 
versa. 
 
The table below shows the range of reaction times possible with certain reactor and syringe 
size combinations for the simplest 1 input reactor system. 

 
 
 

Syringe 
Size 

Min flow 
mmmml/min  

Max flow 
mmmml/min  

Yellow  4 250 
Green  20 1250 
Blue  40 2500 

 
 
Note: Two or three inputs per reaction and differences in these flow rates due to differing 
concentrations of reagents and or stoichiometries will result in lower flow rates than those in 
the table above.  Therefore, to avoid requiring flow rates below the limit of 4ml/min it is 
typically best to make up stock solutions to concentrations that result in similar volumes 
being required. 
 

Reactor 
Size (ul) 62.5 250 1000 4000 16000
Syringes Yellow Green Blue Yellow Green Blue Yellow Green Blue Yellow Green Blue Yellow Green Blue

1 62.5 62.5 62.5 250.0 250.0 250.0 1000.0 1000.0 1000.0 4000.0 4000.0 4000.0 16000.0 16000.0 16000.0

5 12.5 12.5 12.5 50.0 50.0 50.0 200.0 200.0 200.0 800.0 800.0 800.0 3200.0 3200.0 3200.0

10 6.3 6.3 6.3 25.0 25.0 25.0 100.0 100.0 100.0 400.0 400.0 400.0 1600.0 1600.0 1600.0

20 3.1 3.1 3.1 12.5 12.5 12.5 50.0 50.0 50.0 200.0 200.0 200.0 800.0 800.0 800.0

30 2.1 2.1 2.1 8.3 8.3 8.3 33.3 33.3 33.3 133.3 133.3 133.3 533.3 533.3 533.3

45 1.4 1.4 1.4 5.6 5.6 5.6 22.2 22.2 22.2 88.9 88.9 88.9 355.6 355.6 355.6

60 1.0 1.0 1.0 4.2 4.2 4.2 16.7 16.7 16.7 66.7 66.7 66.7 266.7 266.7 266.7

90 0.7 0.7 0.7 2.8 2.8 2.8 11.1 11.1 11.1 44.4 44.4 44.4 177.8 177.8 177.8

120 0.5 0.5 0.5 2.1 2.1 2.1 8.3 8.3 8.3 33.3 33.3 33.3 133.3 133.3 133.3

= OK (This combination of chip, syringe & reaction time possible)

= Not OK (This combination of chip, syringe & reaction time is not possible)
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