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INTRODUCTION 
Eggshell is considered agricultural waste that must be thermally treated for its use as an ingredient in 
fertilization, soil remediation, or properly disposed of without harming the ambient. Thermal processing 
is also known as the most effective way to reduce the risks of pathogen transmission, and air drying is one 
of many methods to stabilize residues before land application (1). These two elements are necessary for 
proper disposal in industrial processing. The product is high in calcium carbonate and used to neutralize 
the acidity of acid soils (1); the present work is to evaluate the weight per cubic foot (C.F), the moisture 
content of the product thermally treated in a fluidized bed dryer at different heat and retention time 
values and the consistency of the mineral components such as Calcium (Ca) Phosphorus (P) Magnesium 
(Mg ) and potassium (K) before and after being heat treated in a commercial test facility under controlled 
conditions. 
 
MATERIALS AND METHODS 
Reception of the material. The raw material was received in easily handled, sealed containers for feeding 
to the fluidized bed dryer. 
The volumetric density of the product: the density was analyzed using a wooden box of 1 C.F; the 
container was weighed without the product and then with the product. This procedure was the same for 
the raw product (TEST ID 1 and 6 or Witness) and the thermally treated product (TEST ID 3,8 and 9). In 
addition, several samples were randomly taken for laboratory analysis and to determine the levels of 
moisture, calcium, phosphorus, magnesium, and potassium (NPK) for the control and heat-treated 
samples. 
Heat treatment in a Fluidized Bed Dryer: Fluidized bed dryers work by injecting air from the environment, 
forcing it through a burner (natural gas, propane, diesel, or biomass as fuels), which raises the 
temperature of the air and passes through it at a perforated floor, to come into contact with the product 
while is being moved by a conveyor, which causes the product to fluidize, releasing the moisture particles 
from the product by convection, and the air now saturated with the moisture particle, reaches the 
chimney, and some solids are passed to the cyclones that separate the air and the lightweight particles. 
The operating parameters of the equipment with different conditions are shown in Table 1: 

TABLE 1: OPERATING PARAMETERS OF THE FLUIDIZED BED DRYER 
TEST ID Description Product 

Temperature 
°F 

Test Time 
(In min). 

Outlet air 
temperature. 

°F 
3 High temperature low 

retention time 
248.5 6 327 

8 High temperature 
medium retention time 

280 6 295 

9 High temperature, high 
retention time 

256 8 290 

RESULTS 
Determine product density: The weight of 62 Pounds per Cubic Feet (P.C.F) for the control sample, and 
the average of the thermally treated samples was 49 P.C.F. The resulting product reduced 28% of its 
weight per cubic foot. 



Heat treatment in a fluidized bed dryer: the results of the reduction of moisture are expressed in Table 
2 below: 

TABLE 2: MOISTURE RESULT (RAW MATERIAL Vs. HEAT TREATED IN A FLUIDIZED BED DRYER) 
TEST ID MOISTURE 

IN  
(%)   

MOISTURE 
OUT 
 (%) 

Δ OF 
MOISTURE 

(%) 

DRY MATTER 
(DM %) 

1 (RAW) 21.6   78.40 
6 (RAW) 18.03   81.97 

3 19.81(*) 2.16 17.65 97.84 
8 19.81(*) 2.42 17.39 97.58 
9 19.81(*) 1.15 18.66 98.55 

(*) The average value between the heated product and the raw material 
 
Mineral levels: To validate the consistency of minerals in the samples thermally treated by the fluidized 
bed dryer and to evaluate the changes in their composition, the minerals in the control samples (TEST ID 
1 and 6) and the treated samples were analyzed. (TEST ID 3,8, and 9). The results are in table 3 below: 

TABLE 3: MINERAL VALUES OF RAW MATERIAL AND HEAT-TREATED SAMPLES 
TEST ID CALCIUM 

(%)   
PHOSPHORUS 

(P) 
MAGNESIUM 

(Mg) 
POTASIUM 

(K) 
1 (RAW) 40.19 0.09 0.32 0.09 
6 (RAW) 38.75 0.08 0.32 0.08 

3 40.18 0.09 0.32 0.11 
8 40.18 0.09 0.33 0.09 
9 38.43 0.08 0.31 0.10 

 
CONCLUSIONS AND RECOMMENDATIONS 

1. The product's volumetric analysis allows us to dimension the process equipment at a commercial 
level. 

2. The thermal treatment of the eggshell with fluidized bed dryers allows a substantial reduction in 
the product moisture without additional equipment, making this process economically and 
commercially feasible.  

3. High heat treatment of the eggshell in a fluidized bed dryer keeps the mineral properties of the 
product at the same levels without denaturing the treated product. 

4. Treating the eggshell at high temperatures reduces the pathogens, resulting in a safe product that 
can be added as an ingredient in fertilization and remediation of acid soils due to its high calcium 
content. 

5. The thermal treatment helps to increase the storage time and the reduction of odors of the 
product. 

6. The moisture reduction and unwanted organic bodies increase the efficiency of the calcium 
spraying process and can be used as organic fertilizer or reintegrated as a mineral complex. 

 
 


