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 Use SI units and max two decimals.  

 Calculations without units will not be accounted for.  

 Report your assumptions, when applicable for your calculations. 

 

- A homogenous solution of phenol (92 wt.%) and water (8 wt.%) with a temperature of 

60   C is pumped into fluid bed to produce 1000kg/h solid phenol particles with 

specification: an average diameter of 2.0 mm, d10 of 1.75 mm and d90 of 2.25 mm, and 

less than 1 wt.% water.  

- The fluid bed (see figure 1) is located in a building on the 20m floor. 

- The fluid bed is operating with air from outside the building of 10   C and a relative 

humidity of 60%  as fluidizing medium. The pressure above the fluidized bed is 1.1 

bar, with pressure drop across the bed of 0.2 bar. 

- Liquid phenol feed is pumped from an atmospheric storage tank through spray 

nozzles into three compartments filled with phenol particles. 

- Air is used to fluidize the pellets in compartments A, B, C and D and is fed through 

feed line with several holes resulting in evenly distributed air under each 

compartment. Air flow through a perforated plate into the compartments. Pellets with 

an average particle diameter of 0.5 mm are fed to compartment A. The residence time 

in each compartment is 15 minutes, with a height of the expanded bed of 0.5 m. The 

air temperature in the off gas 40   C. 

- The phenol pellets discharge fluidized bed have a temperature of 30   C d50 of 2.2 mm, 

a d10 of 1.5 mm and a d90 of 2.5 mm 

- The crystallization energy of phenol ΔHcrys = 250 kJ/kg,  

- The specific heat of phenol Cp.ph = 2 kJ/kg.K  

- MSDS of phenol (in Dutch) with additional information is given in attachment A. 

 

Figure 1 PFD of the Phenol fluidized bed  
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Questions: 

1. How much air (in kg/h) is minimal needed for the removal of water to the desired 

less than 1 wt.%, based on the maximal water content of the air? Mention your 

assumptions and calculation. 

2. How much air is minimal needed for removing the heat? Mention your 

assumptions and calculation. 

3. According to figure 6.23 a gas mass velocity of  0.2 kg/m
2
s

 
is applied. Given the 

overall horizontal cross section surface of 2 m
2
. What is the amount of air needed 

for fluidizing the bed? 

4. Given the overall pressure drop of 0.2 bar between the air compartment below the 

fluidized bed and the offgas line. What additional equipment is needed in the air 

supply line and why? 

5. Given the specification of powder groups in fluid beds. What is the classification 

of the used powder A, B, C or D? Explain your choice. 

6. Give the particle size distribution (PSD) in graphs of the discharge and the ultimate 

product, frequent based and cumulative based, given the general information. 

7. How can we control the required PSD of the product in a way that only good 

product (in spec) is made and no product is lost. (recycling). 

8. After classification of the discharged product from the fluid bed is the good 

product fed to a hopper, which is used to fill the product into bigbags. The hopper 

has some problems a) Arch formation and b) Rat-holing shaft formation. What are 

the specific problems of each formation for the safety and continuous operation of 

the plant? 

9. The air of the offgas is polluted with phenol, very small particles and with a vapor 

of 500 mg/m
3
. What kind of offgas treatment do you advice, given the information 

on the MSDS. 

10. Why is there no phenol feed to compartment D? 

11. What kind of hardware measure and or procedures are required to guarantee 

trouble free operation of the phenol feed to the fluid bed given the fact that the 

installation will be frequently started and stopped? 

12. Give a pathway analysis regarding the diameter and the temperature of  a small 

phenol particle first fed to compartment A and leaving the system after being ones 

to big for good product (include the recycle you added to the system). 
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