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I. Introduction 

Crystallization of GMP by downing-out was investigated using methanol as an anti-solvent in 
Couette-Taylor crystallizer for production of GMP crystals at room temperature. Generally, the 
crystallinity, mean crystal size and the recovery are strongly influenced by fluid dynamic conditions 
via perfect mixing in the crystallizer. This paper examined the effects of mixing properties of Taylor 
vortex on the crystallinity, mean crystal size and the recovery of GMP solution. In order to do this, the 
crystallization process was observed under different working conditions by varying the concentration 
of reactant, the agitation speed of the inner cylinder and the geometry of reactor. We find that fluid 
dynamic conditions resulting from the rotating speed of the inner cylinder and the geometry of 
crystallizer, play the key role in the dissolution of amorphous transformation to GMP crystals and the 
nucleation-growth of GMP crystals. Our experimental results indicate that the crystallization of GMP 
can obtain one hundred percent of crystallinity and recovery at 300rpm. Particularly, the crystallization 
of GMP in liquid-liquid Couette-Taylor crystallizer by drowning-out can be predicted from the 
operating conditions. 

II. Experiments. 

Generally, Taylor vortices exhibit a unique mixing behavior of excellent radial mixing combined 
with minimal axial mixing. In the range of the rotating speed, turbulent Taylor vortex flow appears 
when the rotating speed of the inner cylinder is larger than the critical value in Fig.1 [1-3].  

The experiment setting is illustrated in Fig.2. First, GMP crystallization was initiated by feeding 
the aqueous reactants of GMP solution and methanol solution. GMP material is supplied by CJ. Cor 
(Korea), while methanol solution is purchased from Duksan Pure Chemical Co., LTD, (Korea) without 
further purification. Initially, the crystallizer is filled with deionized water and then each reactant   
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Figure. 1 Schematic picture of Taylor vortices 
solution is fed into the crystallizer by pump (StepDos 08, KNF, Germany). The steady-state of 
Couette-Taylor crystallizer is continuously inspected by UV-Vis (JASCO, V-570, USA) at the end of 

the crystallizer to define the concentration of GMP in solution after filtering out by 0.45µm membrane 
filter (Durapore Membrane Filter, Type HV, Ireland). The filter crystals are dried in a keep drier at 
room temperature. The mean crystal size and size distribution in the suspension are then analyzed 
using the particle size analyzer (Mastersizer/E, Malvern, USA), while the shape of each crystal is 
analyzed by using the Microscope (Video Microscope IT System, Sometech, USA). In addition, the 
crystallinity of GMP solid is measured by FT-IR (Perkin, System 2000, USA). The operation of GMP 
Couette-Taylor crystallizer is summarized in Table. 1. 

 
Figure 2. Schematic picture of experimental system

Table 1. 
Couette-Taylor crystallizer operation 

Agitation speed N : 300, 500, 700 (rpm) or 

Energy dissipation ε: 11.3, 40.1, 92 (W/kg) 

GMP concentration : 60, 90, 120, 150 g/l. 

Methanol solution/GMP solution : 5:5 

Mean residence time : 7 (min) 

Temperature : room temperature (250C) 

Crystallizer’s geometry d/ri : 0.11;0.25;0.34  

III. Results and Discussions.  

The steady-state achieved after waiting for five times of the mean residence time 
1. The crystallinity is one of the most important factors determining the amorphous transformation 

to GMP crystals. The transformation consists of two processes: the dissolution of amorphous and the 
nucleation-crystal growth of GMP crystals [12-16]. Many experiments have shown that the dissolution 
of amorphous, the nucleation-crystal growth of GMP crystal increase with an increased fluid dynamic 

condition, resulting from rotating speed N or energy dissipation ε input to the solution in crystallizer 
[11-16].  
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Fig 3. Correlation of crystallinity with feed concentration and GMP crystals at steady-state 

With perfect suspension fluid in the Couette-Taylor crystallizer [1-9], the results indicated that the 

crystallinity obtained one hundred percent for various feed concentration at 300rpm (ε: 4.1677 W/kg) 
in Fig.3. 
2. The recovery of GMP solution in Couette-Taylor crystallizer measured with respect to the 
concentration of GMP solution, is displayed in Fig.4-5. According to Fig.4, the increased 
concentration of feed GMP solution, the recovery decreases at the same energy dissipation. However, 
the results in Fig.5-Fig.6 indicate that the higher energy dissipation via the raised rotating speed of 
inner cylinder and the reduced geometry of crystallizer via d/ri, the recovery of GMP solution increase. 
Because the higher energy dissipation exhibites the higher suspension fluid, leading to the higher 
nucleation and crystal growth of GMP crystal. Thus, the concentration of the GMP solution decreases 
[11].         

     

         Fig 4. Variation of recovery with  
feed concentration at steady-state                                       

3. Mean crystal size. The fluid dynamic conditions influence not only on the crystallinity, recovery 
but also on the mean crystal size of GMP crystallization due to the effects on the nucleation. An 
increased nucleation creates more nucleis, thereby GMP crystals will have small size. Therefore, the 
results in Fig.7 indicate that the mean crystal size decreases as energy dissipation increases under the 
same condition operation. 

Fig 5. Variation of recovery with
energy dissipation at steady-state
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IV. Conclusion  

GMP crystallization in Couette-Taylor crystallizer is investigated with different operating 
conditions, such as feed concentration, agitation speed of the inner cylinder and geometry of 
crystallizer. It has been found that the crystallinity, mean size, and the recovery strongly depend on the 

fluid dynamic conditions via energy dissipation ε input to GMP solution. Due to the unique behavior 
of Taylor vortex with perfect mixing, the experiment results show that the crystallization of GMP 
obtained up to one hundred percent of crystallinity and recovery at 300rpm (feed concentration=60 
GMP g/l, d/ri=0.25) in the Couette-Taylor crystallizer within only 7 minutes of mean residence time. 
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Fig. 7 Mean size of GMP crystal with 
energy dissipation 

Fig. 6 Mean size of GMP crystal with 
energy dissipation 


