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ABSTRACT 
 
The waste water containing phenol and high concentrated sodium chloride is treated by
distillation. Applying a distillation tower, more than 99% phenol is recycled by azeotropic
batch fraction. The reflux ratio is optimized to 3 when a fraction column with ten
theoretical perfect plates is used. Comparatively, the simple distillation gives
dissatisfactory removal of phenol from the waste water. 
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Figure 1 : Fine distillation of phenol-containedwaste water with 3:1 reflux ratio 
 
 In the initiate experiment, we used a 3:1 reflux ratio during the distillation. After establishing the tower balance, the 
fraction evaporated from the top of the column is collected every 10 mL as samples. The first 10 mL of mixture is treated as 
the initial sample. It contains 81 g/L of phenol. In the following several samples, the concentrations drop very slow so as to 
draw a “platform” in the distillation progress Figure as region a (Figure 1). There is still 79 g/L phenol in the fourth sample. 
Operating along the platform area of the curve, 3.2 g of phenol is collected on the top of the column. That is over 60% of 
total added phenol. From the fifth sample, the upper concentration begins to drop. It drops quickly to less than 10 g/L after 3 
samples. The fast-drop period draws the region b. After that, the distillated phenol in fraction maintains a smooth reduction. 
That draws the region c. Being different to the upper sample, during the distillation, the bottom samples draw a smooth 
decrease curve of the phenol’s concentration with time. We can find from the distinctive curve that if the main purpose is to 
recycle phenol, the distillation can be cancelled after a region. At this time, the phenol’s concentration in the bottom is 460 
mg/L (less than 10% of starting water). Distillation in this way consumes the lowest energy; otherwise the operation should 
be stopped after b region, while the phenol in the bottom is 80 mg/L，at this time over 96% of phenol is recovered. If the 
main goal is to remove phenol entirely, the operation should be performing to c region so as to lower the phenol 
concentration to less than 2.5 mg/L. But in this way the energy consumption is great.  
 The experiments are carried out at different conditions by changing the reflux ratio to 2:1, 4:1 and 5:1. The similar 
results are obtained in the experiments of 4:1 and 5:1 reflux ratio, but there are some differences in details, especially when 
the operation is carried out at the reflux ratio of 2:1. The results are summarized in TABLE 1.  
 

TABLE 1 : Distillation of phenol containedwaste water in fraction tower with different reflux ratio 
 

Reflux 
ratio 

Phenol recycled in 15 
samples 

Residual phenol 
(mg/L) 

Platform sample 
number 

Initial upper concentration 
(g/L) 

2:1 82.8% 90 2 60 
3:1 99.5% 2.5 4 81 
4:1 99.0% 2.4 4 82 
5:1 99.3% 2.3 4 79 

  
 The experimental phenomenon is explained as follows. Due to phenol and water azeotrope, if the column efficiency 
is good enough, the upper fraction can reach the theoretical composition ratio. Therefore, when the bottom concentration is 
high enough, the upper concentration there will be "saturated" to perform a stable value. With the phenol is constantly 
evaporated, the concentration of the bottom quickly reduces, and the concentration of the top of the tower also decreases. The 
remaining phenol in the body of the tower phenol is brought out with steam to become the b region of Figure 1. Still later, the 
tower changes in the concentration of the top and bottoms tend to be similar. With the reflux ratio is increased from 2:1 to 
3:1, the tower efficiency increases, so the phenol concentration in initial fraction is increased. The number of "saturated 
sample" is also increased, so the length of platform area is increased. But in the experiment with reflux ratio 4:1 and 5:1, due 
to the limitations of the tower itself, the column efficiency have been no significant improvement, therefore they give similar 
results to the 3:1 reflux ratio.  
 In summary, we find that refine distillation is a possible way to handle the waste water that contains phenol and high 
concentrated salt. By using a 10 theoretical plates refine column and operating at reflux ratio 3:1, 99.5% phenol can be 
recycled from the top of the column while the collection is 15% to the total amount of waste water. And the residual phenol 
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in the bottom waste water is less than 0.5%. Otherwise, if the main goal is to recycle phenol in a energy-efficient way, the 
operation could be terminated after 5% of waste water is distillated.  
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