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Abstract. At the article is to determining an effective way to neutralize 

biodiesel and install optimal and rational parameters of biodiesel 

neutralization. The investigation of the efficiency of biodiesel 

neutralization was carried out by mixing it with aqueous citric acid 

solution (volumetric method) and by spraying an aqueous solution of citric 

acid over a layer of biodiesel (aerosol method). 

1 Formulation of the problem 

During the process of the biodiesel (methyl ether) production, according to the traditional 

technology, for accelerating the methanolysis, a catalyst (mainly alkaline homogeneous) 

must be used, which, however, itself does not react to methanolysis, but only accelerates it. 

Therefore, in the biodiesel produced, the mentioned catalyst remains completely, causing 

corrosion of the engine. Corrosion products, falling into the gap between the cylinder and 

the piston, lead to their abrasive wear. One of the ways to remove a catalyst from diesel 

biofuels under the traditional technology of its production is to neutralize it with organic or 

inorganic acids, followed by the removal of formed salts. 

2 An analysis of last researches 

Different methods have been developed for the purification of biodiesel from catalyst 

residues, the main ones being so-called "wet" and "dry" biodiesel cleaning. 

"Dry" cleaning methods are quite effective, but the cost of magnesol and ion exchange 

resins is quite high, which significantly increases the cost of produced biodiesel. In 

addition, manufacturers of ion-exchange resins recommend not to exceed the concentration 

of 500 grams per ton of soap in crude biodiesel, otherwise the quality of cleaning is 

reduced. Therefore, in order to reduce costs, it is recommended to pre-purify biodiesel with 

other methods. In addition, if biodiesel is heavily contaminated, ion-exchange resins 

quickly lose their properties and are poorly regenerated. 

Wet water purification of biodiesel provides its effective purification from a 

homogeneous catalyst, but it uses a significant amount of water, which is polluted during 
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the purification process and creates environmental problems when it is discharged into the 

sewer [1]. Wet cleaning is carried out with an aerosol and volumetric methods. The aerosol 

method is that the water sprayed over the biodiesel layer, the droplets of which, passing 

through the methyl ether, adsorb the pollutant. When volumetric method of washing is 

underway, the same amount of water and biodiesel are mixed, then they are agitated, settled 

and the water is drained upheld and the process is repeated many times [2]. 

Before washing, biodiesel, manufactured using a homogeneous catalyst, requires 

neutralization [3]. For this purpose, the biodiesel is mixed with acidified water (in the case 

of an alkaline catalyst), which results in the neutralization of the catalyst with the formation 

of salts of acids (soaps) that pass into soap stock. 

In order to neutralize biodiesel, inorganic and organic acids are used. Applying 

inorganic acids, hydrochloric acid HCl, sulfuric acid H2SO4 (0.5% solution in water, 

acidified water to biodiesel ratio is 1: 1), phosphoric acid H3PO4 (2-10% solution in water) 

[1], [4], [ 5] is used. In case of applying organic acids, acetic or citric acid is used. In the 

case described [6] neutralization was carried out with four strong concentrated inorganic 

acids, namely phosphoric, sulfuric, hydrochloric, perchloric and with an organic one – 

acetic acid. The most effective has been recognized orthophosphoric acid. Therefore, in 

many cases [7], [8], [9] phosphoric acid is used to neutralize biodiesel, sometimes sulfuric 

acid [10], hydrochloric acid or ammonium chloride is being applied [11]. 

As noted in papers [12] and [13], the advantage of high acid concentration in aqueous 

solution is the very rapid reaction of the formation of acid salts (saponification) and the 

zero content of alkaline catalyst in biodiesel, however, while biodiesel has high acidity 

(1.7-4, 5 mg / kg). In the case of low concentrations of acid in aqueous solution (carbon 

dioxide), the acidity of biodiesel is less than 0.5 m / kg, but the saponification of biodiesel 

takes longer. 

The paper [12] describes the use of carbon dioxide to neutralize the catalyst. The 

advantage is that carbon dioxide does not convert soap into fatty acids, but only neutralizes 

the catalyst (the acid number is always less than 0.2 mg KOH/g). Neutralization occurs due 

to excess CO2, which transforms the catalyst into bicarbonate. The document describes [1] 

how distilled water was used to neutralize biodiesel to prevent the formation of emulsions. 

The Paper [9] demonstrates how the neutralization of biodiesel was carried out at a 

temperature of 65 °C by mixing it with a mechanical stirrer with acidified water at a stirring 

rate of 1000 rpm. In the document [14], the temperature of the rinse water was 85 °C. In 

another document [1], the study of neutralization of biodiesel was carried out at various 

temperatures of an aqueous solution of acid: 50-70 °C with neutralization by 

orthophosphoric acid, 55 °C - sulfuric acid, 20 °C - hydrochloric acid. 

Consequently, from the analysis of previous studies it follows that the neutralization of 

biodiesel can be carried out both with inorganic (phosphoric, sulfuric, hydrochloric, 

perchloric) and organic (acetic, citric) acids. Strong acids can accelerate the process of 

neutralization, but it is difficult to control the process itself, therefore often biodiesel is 

peroxided. This problem, as a rule, does not exist in the application of weak acids, but the 

process of neutralization takes more time. Technology and technical means of 

neutralization in literary sources are poorly covered, there is only mention of the fact that 

studies were carried out to neutralize biodiesel at a temperature of 20 °C, 55 °C, 65 °C, 70 

°C and 80 °C, and also that in one of the experiments neutralization was carried out by 

mixing biodiesel with a mechanical stirrer with acidified water at a stirring rate of 1000 

rpm. 

Therefore, the task of our study is: the definition of an effective method for neutralizing 

biodiesel; establishment of optimal and rational parameters of neutralization of biodiesel. 
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3 Materials and methods 

Studies were conducted to investigate the effectiveness of neutralizing biodiesel by 

mixing it with an aqueous solution of citric acid and by spraying an aqueous solution of 

citric acid over a biodiesel layer. 

Experimental investigation method of neutralization of methyl ether by its mixing with 

aqueous citric acid solution. 

Methyl ether for research is made from bilberry oil (83%), to which potassium 

methylate (17%) is added. Potassium methylate is prepared at a ratio of methanol to KOH 

as 10 to 0.6. The components are mixed on a magnetic stirrer at a temperature of 40 °C for 

15 min, after which the reaction products are poured into a separating funnel, where they 

are separated for two hours on methyl ether and crude glycerin. 

As a result, 82% of methyl ether and 18% of raw glycerol are obtained. The raw 

glycerin is merged, and from the methyl ester the excess of methanol (0,9% of the volume 

of methyl ester) is removed by distillation at 65°C, at constant aeration by air. 

Determination of the effect of the mixer parameters on the alkalinity of the methyl ether 

during its purification is carried out on a laboratory installation consisting of a liquid 

thermostat TZH-TS-01/16 and a top-drive mixer EUROSTAR digital.  

The test sample of methyl ether purified from methanol in a volume of 300 ml is poured 

into a 0.5 liter laboratory glass, which is fixed to the tripod, and placed in water, poured 

into a liquid thermostat (Fig. 1). 

 

Fig.1. Laboratory installation for determining the influence of mixer parameters on the alkalinity of 

methyl ether. 

On the same tripod, a top-drive mixer with a four-blade stirrer with sloping blades is 

fixed. With the help of the regulator, the required speed of the shaft of the mixer is set.        

1% aqueous citric acid solution at the ratio of 5,5 ml per 100 ml of methyl ether is 

added to the methyl ether. That is, 16,5 ml of a 1% aqueous solution of citric acid is added 

to 300 ml of methyl ether. 

The study on the effect of the mixer parameters on the alkalinity of the neutralized 

methyl ester is carried out at temperatures of 20°C, 40°C, 60°C and 80°C, and the rotational 

speed of the shaft of the stirrer is: 200; 350; 500 and 650 rpm (Fig. 2). Mixing time is 5 

minutes. 
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Fig. 2. Neutralization of the methyl ester while mixing with the rotational speed of the shaft of the 

mixer: a) 200 rpm; b) 350 rpm; c) up to 500 rpm; d) up to 650 rpm. 

As can be seen from Fig. 2, the rotational speed of the shaft of the mixer of 200 rpm 

does not cause disturbances of the methyl ether, and its movement in a glass is close to 

laminar. With increasing frequency of the rotational speed of the shaft of the mixer in a 

methyl ester there appears a funnel whose depth increases with the increase of the rotational 

speed of the shaft of the mixer, and at a speed of 650 rpm the bottom of the funnel almost 

reaches the blades of the mixer. 

After neutralization, the methyl ether is poured into dividing funnels (Fig. 3, a) or 

polyethylene bottles (fig. 3, b) and is settled for 2-3 days (with increasing temperature the 

time of settling decreases). Protecting methyl ester in polyethylene bottles is carried out if 

the number of available dividing funnels and tripods on which they are attached is not 

enough to settle all the samples. While settling a soapstock gravitates on the bottom of the 

bottle or funnel. The soapstock is a salt (citrate) of potassium and soap formed as a result of 

neutralization of potassium hydroxide with citric acid (fig. 3, c), and the methyl content of 

the mud becomes transparent. 

Lighted methyl ester is being merged. Drainage of methyl ester from the dividing funnel 

is carried out as follows. Under the dividing funnel a vessel is placed. There is a crane on 

the dividing funnel. The crane is being opening and potassium citrate is being draining off 

from the funnel. The completeness of potassium citrate draining process is controlled 

visually. In the absence of potassium citrate in the dividing funnel, the crane is being 

closed. A pot with potassium citrate is being removed from the dividing funnel and a clean 

vessel is being placed underneath it. The crane on the dividing funnel is being opened again 

and the entire methyl ester is being poured into the vessel. 
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Fig. 3. A process of neutralized biodiesel settling: a) - in dividing funnels; b) – poured into 

polyethylene bottles; c) – saturation of potassium citrate on the bottom of a plastic bottle. 

Draining of the settled methyl ester from a polyethylene bottle is carried out through its 

neck by deflection of the bottle, while avoiding entering into the methyl ester of potassium 

citrate, which has accumulated at the bottom of the bottle. 

In the obtained samples of neutralized methyl ether, its alkalinity is determined. Method 

of experimental study of neutralization of methyl ether by spraying an aqueous citric acid 

solution on it. Determination of the influence of spray parameters on alkaline biodiesel is 

determined on an experimental installation consisting of a hydraulic pump constructed from 

a tank of a garden sprayer, a compressor "Atlant" from a refrigerator to maintain a 

predetermined pressure and a spray gun "Disc and Core" installed in the body with a safety 

valve (Fig. 4). The liquid pressure is controlled by a pressure gauge. 

 

Fig. 4. Experimental installation for determining the influence of spray parameters on the alkalinity of 

methyl ether. 

The effect of the spray parameters on the alkalinity of the methyl ether is determined 

by spraying of 6 ml of an aqueous solution of 1% citric acid on 100 ml of methyl ether 

through a centrifugal full-groove dispenser Disc and Core made by TeeJet which includes a 

body with one nozzle QJ17560A-NJB, bayonet cap CP 26277-1 -NY, core-turbulator DС-

СER, ceramic disc with hole DCER-2 and rubber sealant SR-18999 (fig. 5). 

The test sample of 300 ml methyl ester purified from methanol is poured into a 500-ml 

laboratory glass, which is fixed to a tripod, and put into water, poured into a liquid TZH-

TS-01/16 thermostat. In the sample of methyl ether, 18 ml of aqueous solution of 1% citric 

acid is sprayed with a spray gun fixed on the same tripod (Fig. 6). 

The spraying time is determined experimentally by measuring the volume of the spray 

liquid collected in a laboratory glass over a period of time fixed with the “Agat” stopwatch. 
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The spraying time is 1,5 sec at a pressure of 0,25 ATM, 2 sec at a pressure of 0,2 ATM, 

2,5 sec at a pressure of 0,15 ATM and 3 seconds at a pressure of 0,1 ATM. 

At a given pressure for a fixed time, 1% of citric acid is sprayed into the test sample of 

methyl ether (Fig. 7). 

 

Fig. 5. Centrifugal full spray dispenser Disc and Core: a  body with one nozzle QJ17560A-NJB; b  

bayonet cap CP 26277-1-NY; c  core-turbulator DС-СЕР; d  ceramic disk with a hole DCER-2; e  

Rubber seal SR-18999. 

 

Fig. 6. Spraying aqueous solution of 1% citric acid in the test sample of methyl ether. 

 

Fig. 7. Spraying 1% citric acid in the sample of methyl ether to determine the effect of the spray 

parameters on the alkalinity of the methyl ether. 
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4 Results of research 

The results of determining the effect of the mixer parameters on the neutralization 

efficiency of methyl ether when mixed with a solution of citric acid are shown in Fig. 8. 

Initial alkalinity of methyl ester was 37,9 mg/kg. As can be seen from Fig. 8, the 

decrease of the alkalinity of methyl ether is observed at an increase in the temperature at 

which the neutralization process passes. At a temperature of neutralization of 20°C, it is not 

possible to achieve the alkalinity of methyl ester below 5 mg/kg (according to DIN 51606 

standard) at any value of the speed of the shaft of the mixer.  

At a neutralization temperature of 40°C, the optimum rotational speed of the shaft of the 

mixer, at which the alkalinity of the methyl ether becomes less than 5 mg/kg (namely 3,7 

mg/kg), is 350 rpm. The allowable rotational speed of the mixer is in the range of 300-400 

rpm. 

With an increase in the neutralization temperature, the optimization point is shifted to 

larger rotational speeds of the shaft of the mixer. Thus, at temperatures of 60°C and 80°C, 

the alkalinity of biodiesel below 5 mg/kg is already observed at the speed of the shaft of the 

mixer of 550 rpm. With an increase in the speed of the shaft of the mixer, the alkalinity of 

neutralized biodiesel decreases. It is not possible to set the extreme right point of the 

rational neutralization range, since experiments with the speed of the shaft of the mixer 

more than 650 rpm were not conducted. 

The results of the experimental study of the neutralization of methyl ether by spraying 

an aqueous citric acid solution on it are shown in Fig. 9. 

Initial alkalinity of methyl ether in the experiments was 37,9 mg/kg. As can be seen 

from Fig. 9, when the pressure increases in the sprayer and the temperature of the test 

sample increases, the alkalinity of the methyl ether decreases, but On the whole range of the 

investigated values of pressures and temperatures the alkalinity does not drop below 5 

mg/kg in accordance with DIN 51606. Therefore, the use of liquid spray to neutralizing the 

methyl ester is not effective. 
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Fig. 8. Dependence of the alkali of methyl ether on the frequency of rotation of the mixer when it is 

neutralized. 

7

E3S Web of Conferences 154, 02007 (2020) 
ICoRES 2019

https://doi.org/10.1051/e3sconf/202015402007



Temperature, С:

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

0 0,05 0,1 0,15 0,2 0,25

Pressure in the Atmospheres

A
lk

a
li
n

it
y
 i
n

d
e
x
, 
m

g
 K

O
H

/k
g

20 40 The alkalinity of the standard

 

Fig. 9. Dependence of alkalinity of the methyl ester from pressure of the sprayer during its 

neutralization. 

5 Conclusions 

1. It is advisable to neutralize biodiesel by volumetric method by mixing it with 

acidified water. The use of an aerosolized method of neutralizing biodiesel is inappropriate 

due to its low efficiency. 

2. At a neutralization temperature of 40°C, the optimum rotational speed of the shaft of 

the mixer, at which the alkalinity of the methyl ether becomes less than 5 mg/kg, is 350 rpm 

and the allowable one is 300-400 rpm. With an increase in the neutralization temperature, 

the optimization point is shifted to larger rotational speeds of the shaft of the mixer. At 

temperatures of 60°C and 80°C, the alkalinity of biodiesel below 5 mg/kg is already 

observed at the speed of the shaft of the mixer of 550 rpm and above. 
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