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A production error 
 
You are asked to analyze the case below, and answer the questions about it. Something went wrong dur-
ing the production of a dilute pharmaceutical o/w emulsion. 
 
The batchwise production process of an emulsion (0.5% oil in an aqueous solution) starts with prepara-
tion of a premix of the ingredients (water, oil, emulsifier). This mixture is homogenized and then put 
through a high shear mixer, which treats the liquid at a constant, fixed shear rate. This high shear treat-
ment determines the final droplet size. The densities and the viscosities of the oil and of the aqueous so-
lution are nearly equal. The emulsifier has a c.m.c. in aqueous solution of 0.1 g/L. At the c.m.c. the sur-
face tension of the oil/solution interface γ = 10 mN/m.  
 
Question 1: Is the emulsifier more soluble in oil or in water? 
 
The process is designed to produce oil droplets of 1 µm diameter and with a narrow size distribution. This 
is achieved by adding the right amount of emulsifier to the premix. As the oil drops become smaller, the 
amount of free emulsifier in solution decreases because the emulsifier adsorbs strongly at the o/w inter-
face. The decrease continues until the surface tension has risen to about γ = 20 mN/m – i.e. a free emul-
sifier concentration of 90% of the c.m.c. At that point, for the constant shear in the mixer, the critical We-
ber number for 1 µm droplets is reached. After that the shearing continues in order to break up remaining 
large drops, but there is no further size reduction of the oil drops below 1 µm diameter. 
The emulsion is stored in a buffer tank for 15 minutes, and then it is pumped away. The emulsion is not 
completely stable. Two colliding oil droplets would immediately coalesce into one, larger drop.  Therefore 
the emulsion is stirred during the storage time in the buffer tank. The instability is taken care of via the 
electrolyte concentration, which is chosen so, that the coagulation time is 30 minutes, both for Brownian 
(perikinetic) and for flow- (orthokinetic) coagulation of the emulsion. 
 
Question 2: Estimate the retardation factor W for coagulation in the buffer tank. 
 
Question 3: What is the surface coverage Γ of the adsorbed emulsifier in the oil-water interface? 
 
One day, because of a dilution error in preparing the premix, a tenfold larger amount of emulsifier is put 
into the batch. The faulty batch is inadvertently put through the high shear mixer and stored in the buffer 
tank without change in procedure. 
 
Question 4: Which observations could have been made by an operator during the processing of the 

faulty batch, and on the properties of the emulsion which enters the storage tank, to in-
dicate that something is wrong? 

Question 5: Estimate the droplet size and coagulation time in the faulty emulsion. 
 
After 15 minutes the emulsion must be pumped out of the storage tank. At that point it is discovered that 
something went wrong with the droplet size distribution. 
 
Question 6: Plot the size distribution of the emulsion droplets after 15 minutes storage in a histogram 

of particle diameters. It may still be assumed that two emulsion drops will coalesce im-
mediately after they form a floc. Therefore, no flocs will have been disrupted again by 
the slow stirring in the storage tank. 

Question 7: How could you see, or measure, the difference between the normal and the faulty emul-
sion? 


