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1 Introduction 

A significant amount of livestock waste, consisting 

feces, urine and washing water, is discharging from 

cattle barns. In Japan, half of dairy farmers separate 

the livestock waste into solid and liquid waste, while 

the others keep it in liquid form. The solid waste is 

composted to make solid fertilizer, and the liquid 

waste and unseparated livestock waste are stored in a 

storage tank then used as liquid fertilizers. However, 

there are several difficulties in direct liquid waste 

application. For example, the liquid waste contains 

ammonia which might cause the odor problem. 

Besides, it requires special machines for the 

application. These factors make it difficult for farmers 

to apply liquid waste for cultivating plants. So that, 

the liquid fertilizers are mainly used by dairy farmers 

in pasture and meadow to obtain forage resulting in 

over fertilizing. Therefore, production of solid 

fertilizers is required for livestock-waste management. 

Preliminary analysis of liquid waste revealed that the 

major solutes in the liquid waste were ammonium, K, 

Na and Cl ions, while the most consumed nitrogen and 

K fertilizers in Japan are respectively ammonium 

sulfate and KCl. Based on them, a solid fertilizer 

production process from dairy liquid waste was 

proposed in this research, as shown in Fig.1. The 

proposed process consists of three processes. At the 

first step, the liquid waste is concentrated in the 

ammonia stripping process with distillation. Ammonia, 

comprising around 60 wt% of the total nitrogen in the 

liquid waste, is separated from the liquid waste to be 

recovered by sulfuric acid. At the second step, the 

carbon dioxide is supplied to the ammonia-stripped 

liquid waste to precipitate Na carbonate in Na removal 

process. At the third step, the liquid is concentrated 

again to form the precipitation of KCl in K recovery 

process. The precipitation is recovered then the liquid 

is returned into the Na removal mixed with the 

ammonia-stripped liquid waste for keeping high 

concentrations of ions. The objective of this research 

is to develop the solid fertilizer production process 

from liquid waste. To achieve this objective, the 

operation parameters for the process were determined 

by calculation, then the process was demonstrated by 

batch experiments in accordance with the determined 

parameters. 

2 Materials and Methods 

 Determination of parameters 2.1

The temperature and concentration factors at  

ammonia stripping process (Cf1) and K recovery 

process (Cf2) were the important parameters for the 

process. The temperature was determined to 50℃ 

based on the results of preliminary experiments. The 

suitable Cf1 and Cf2 for the separate collection of Na 

hydrogen carbonate and KCl at steady state were 

determined by evaluating solute concentrations in the 

solution with the solubilities.  

 Batch experiments 2.2

Fifteen litters of synthetic liquid waste were distilled 

in 10 times (Cf1=10) at 50℃ by a vacuum evaporator. 

Ammonia was absorbed in sulfuric acid in a trap 

connected after a condenser. Ammonia concentrations 

in concentrated liquid waste, sulfuric acid and 

distilled water were measured by an ion 

chromatography analyzer (ICS-90, DIONEX). CO2 

gas was supplied in 0.09 L of ammonia-stripped 

liquid waste for 3 hours at Na removal process, and 

then solution was concentrated to 2 times (Cf2=2) by 

distillation in K recovery process. Then, 0.09 L of 

liquid waste was added into concentrated solution for 

next cycle. These processes were repeated for 14 

times. At each cycle, concentrations of ions were 

measured by ion chromatography.  

3 Results and Discussion 

 Determination of parameters 3.1

The Cf1 and Cf2 were respectively evaluated 10 and 

2 from the calculation at steady state. Fig. 2 shows 

the mass balance of the solute in the calculation. 

Complete ammonia stripping at first stripping process 

was assumed. 100% of Na was removed as Na 
 

Fig.1 Overall view of the process 



hydrogen carbonate at Na removal process and 100% 

of K was recovered as KCl at K recovery process.  

 Batch experiments 3.2

Na and K concentrations before Na removal process 

at each cycle became constant after cycle 5. Constant 

solute concentrations indicated that the process 

became steady-state. Therefore, as regards to Na 

removal and K recovery, result from cycle 14 was 

focused on. 

The fate of ammonia was summarized in Table 3. 

More than 90% of ammonium was transferred from 

synthetic liquid waste thorough distillation process. 

However, 80% of ammonia was absorbed in distilled 

water, not in sulfuric acid trap. Ammonia 

concentration in acid trap was lower than solubility of 

ammonium sulfate, hence the precipitation of 

ammonium sulfate was not observed in sulfuric acid 

trap.  

Fig.3 shows the concentrations of Na, K and Cl in Na 

removal and K recovery processes at cycle 14. Trace 

amount of precipitation was observed, although Na 

concentration was lower than solubility of NaHCO3. 

The difference of K and Cl concentrations between 

“Before” and “Before × Cf” showed the precipitation 

concentration of KCl, while the lower concentration 

of “Before” suggested precipitation occurred at lower 

concentration than its solubility. The Na 

concentration also changed in K recovery suggested 

that Na contaminated into the precipitation. Analysis 

results of precipitation that obtained from K recovery 

process showed that collected precipitate was K rich 

(38 wt%). The composition of precipitate was 4.5 

mol% Na, 39.6 mol% K, 43.3 mol% Cl, 3.7 mol% 

ammonia and 8.9 mol% sulfate. 

The mass balance of the whole process was shown in 

Fig. 4. Thirty nine percent of Na precipitated together 

with KCl by distillation for K recovery process. It 

explains why Na concentration in Na removal 

process did not exceed solubility of NaHCO3 at 

steady state. The difference between calculation 

results and experimental results implied that 

solubility of chemicals in water is significantly 

different from that of chemicals in liquid waste. 

4 Conclusion 

 K and ammonia in synthetic liquid waste was 

separately recovered 

K rich precipitate was produced thorough the process. 

More than 90% of ammonia was separated from 

synthetic liquid waste.  

 Significant differences between experimental 

and calculation results were observed. 

 KCl precipitation occurred at lower concentration 

than its solubility. Na contaminated into KCl 

precipitation although Na concentration was lower 

than solubility of NaCl, resulted in trace precipitation 

of Na hydrogen carbonate in Na removal process. 

Solubility data in liquid waste is required for design 

of the process.  

 

 

Table1 Composition of synthetic liquid waste 

 
Table2 Solubility of chemicals 

 
Table 3 Results of ammonia stripping batch experiment 

 
 

 
Fig. 2 Calculated mass balance at steady state 

  
Fig. 3 Concentrations of Na, K and Cl in Na removal (a) and K 
recovery process (b) at cycle 14 

 
Fig. 4 Mass balance of the whole process 
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