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EXPERIMENTAL AND THEORETICAL BACKGROUND FOR THE WASTEWATER 
TREATMENT TECHNOLOGY DEVELOPMENT BY TEA WASTE 

As one of its Sustainable Development Goals, the UN aims to achieve universal and equitable access to 
safe and affordable drinking water for all by 2030. The main disadvantages of most existing methods are the 
high maintenance costs, the formation of toxic sludge and the water treatment complicated technology. 
Compared with other processes, the adsorption process is the best alternative for water and wastewater 
treatment, because it is convenient, easy to operate and simple in design. To reduce the cost of wastewater 
treatment use of waste from various industries is the most efficient. So the results of experimental study 
revealed that using 0.5 % red tea residue in accompany by 3 % black tea residue can remove and decrease 
Cadmium and Nickel significantly and for Cobalt decreasing the rate of adsorption is not as much as 2 other 
metals but remove Cobalt after 40 minutes in remarkable contents.  

Next, mathematical modeling was carried out based on experimental data. Work on the mathematical 
model creation was divided into several stages. At the first stage, the general kinetic regularities of the 
adsorption process were assessed. At the second stage, model coefficients specific values were assessed. At 
the third stage, the technological parameters impact on technological solutions was assessed. Next, 
mathematical modeling was carried out based on experimental data. Work on the mathematical model 
creation was divided into several stages. At the first stage, the general kinetic regularities of the adsorption 
process were assessed. At the second stage, model coefficients specific values were assessed. At the third 
stage, the technological parameters impact on technological solutions was assessed. Visual assessment of the 
kinetic dependencies form showed the presence of 2 parts on the chart (Fig. 1). The first part of the graph is 
characterized by a fast absorption process, which is observed up to 5 minutes (the fast process), and the 
second part is characterized by a slow absorption process that takes place after 5 minutes from the cleaning 
start (the slow process). 

 
Fig. 1. Some kinetic dependencies obtained experimentally using maximum amounts of the adsorbent 

 
From a technological point of view, water treatment is not important until the complete removal of metals. 

Therefore, it is required to determine the contact time of the solution (polluted water) with the adsorbent, at 
which this purification degree is considered acceptable. As initial data for the study of the model, initial 
conditions were accepted: Cd – 50 mg/l, Co – 100 mg/l, Ni – 100 mg/l. As the final values of the metals at the 
end of the adsorption process, we take their MPC: Cd – 0.001 mg/l, Co – 0.1 mg/l, Ni – 0.1 mg/l. As a result, 
we see that an increase in the red tea concentration always results in a decrease in the minimum adsorption 
time. And at a concentration of more than 2.5%, the adsorption time for all metals less than 60 minutes. At the 
same time, an increase in the concentration does not lead to a monotonic decrease in the minimum adsorption 
time for nickel, but to dependence with a minimum. Moreover, the value of the minimum depends on the red 
tea concentration. At the red tea absence in the adsorbent (that is, only black tea is used), the adsorption time 
for all three metals, when they are present simultaneously, is not lower than 4400 min (about 72 hours). If you 
add 25 % of red tea from the total amount of adsorbent, the adsorption time of all three metals to the MPC can 
be reduced to 45 min. If red tea is used (without black tea), the concentration of which is 3 %, then complete 
extraction of cadmium, cobalt and nickel will be provided in 30 minutes. 
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