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Did you know………….what “starve fed” really means? Semi-batch emulsion polymerizations are 

predominately run in “starve-fed” mode but what does that really mean? It is generally understood to 

mean that the monomer concentration in the particles is maintained at a level well below its maximum 

(saturation) value, which is ~5-7 M depending on the monomers. Typically monomer concentration in 

the particles is kept at ~0.5-1 M by varying the monomer feed rate but this can vary significantly 

depending on the specific process. There are two main reasons for running in “starve-fed” mode, and 

your selection of how starved you want to run your process depends on the relative value you attach to 

each objective: 1. maintaining low monomer concentration in the particles decreases the overall 

polymerization rate so that the reaction temperature can be controlled; 2. much better control of the 

copolymer composition distribution can be obtained because composition drift can be largely eliminated 

(more starved gives better control). However other factors are also important and should be considered. 

The overall reaction rate is roughly proportional to the number of particles, so for a given heat removal 

capacity in your reactor, smaller size particles (higher particle number) require lower monomer 

concentration in the particles. This means that a change in particle size likely requires a change in 

monomer feed rate. But … it is not that straightforward. Reducing monomer concentration also 

decreases molecular weight. Possibly even more significant if acrylates are involved is that lower 

monomer concentration may result in more branching and crosslinking which could impact multiple 

properties including film formation. Temperature is also an important factor; higher reaction 

temperatures give a larger temperature difference between the jacket and reactor, thereby allowing 

reactions to be run faster (thus you can use higher monomer concentration in the particles). Finally, 

comonomer composition must be considered. If there are large differences in the water solubility of the 

monomers, a more starved system will reduce the impact of having appreciable amounts of hydrophilic 

monomers (e.g. functional acids, hydroxy functional monomers) in the aqueous phase and not in the 

particles. 

 

 


