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     The present experimental study investigates the feasibility of thiosulfate recovery of silver from zinc cakes produced 

in the process of wet recovery of zinc cakes at the KCM Ltd in Bulgaria. The impact of various factors on the rate of 

silver recovery through thiosulfate leaching is studied. It is found that the rate of silver recovery is 70-74 % within the 

temperature range of 30-50оС at 20% pulp density and leaching time of 30 min, irrespective of the solution pH. The 

behavior of copper, lead, zinc and iron during thiosulfate extraction is also observed. The thiosulfate solution pH is 

maintained to 7-8 in order to reduce by hydrolization the concentration of the metals that have been transferred to the 

solution except silver. After subsequent precipitation of the silver by means of Na2S, silver concentrate is produced. The 

possibility of regeneration of the thiosulfate solution is discussed. The solid residue from thiosulfate leaching contains 

10-40 g/t silver and can be processed by a Waelz process. 

Keywords: zinc cake, silver, thiosulfate leaching. 

1. INTRODUCTION 

     The wet recovery of zinc by the technology 

adopted at KCM Ltd in Bulgaria takes place at 

relatively low acidity of the solution without 

bringing the impurities contained in the zinc 

concentrates into the solution. Thereupon, the 

metals are concentrated in the zinc cake which 

subsequently is subjected to Waelz-processing. 

After Waelz-processing the precious metals 

completely pass into the clinker and, due to the lack 

of a proper technology for their recovery they are 

irretrievably lost. 

     To prevent the loss of precious metals, attempts 

for their recovery from the zinc cakes are made at 

some plants with similar technology. 

     All known methods for zinc cakes processing in 

the world-wide practice can be divided into three 

groups [1]: 

1. Waelz-process; reductive flash roasting; 

smelting in gas-generator, shaft, reverberatory, 

cyclone, and electric furnaces. 

2. Roasting of the cakes in a mix with zinc or 

pyrite concentrates; treatment with SO2 or 

sulfation with sulfuric acid. 

3. Direct dissolution of the cakes in sulfuric acid 

at increased acidity and temperature. 

     Usually the hydrometallurgical methods of zinc 

cakes processing based on the reactions of ferrite 

decomposition using sulfuric acid at atmospheric or 

higher pressure have achieved greater development. 

     The complex composition and a large amount of 

very small size classes in the zinc cake make it a 

difficult object for leaching and flotation.  

     In recent years, there has been renewed interest 

in the use of thiosulfate as a substitute for cyanide 

in gold and silver leaching [2]. Many attempts have 

been taken for leaching silver sulfide with 

thiosulfate, each utilizing different additional 

reagents and conditions [3,4]. The cupric-ammonia 

catalyzed system has been the most commonly 

studied system because of its ability to leach gold, 

silver and silver sulfide. 

     The developed and patented hydrometallurgical 

method of zinc cake processing [5] is of certain 

interest. It is based on silver recovery by means of 

sodium thiosulfate in the presence of ammonium 

sulfate as an activator at a temperature of 30-60оС 

and pH=4-6. In this process, the silver passes into 

the solution wherefrom it is recovered by 

cementation with zinc powder. The solid residue is 

re-pulped by the same thiosulfate solution and is 

subjected to floatation. The drawbacks of that 

method are the low rate of silver recovery in the 

cement precipitate, its circulation in turnover with 

the flotation concentrate, considerable losses (over 

10 %) with the clinker, as well as considerable loss 

of zinc in the thiosulfate solutions. 

     The purpose of this experimental work is to 

determine the behavior of silver and other metals 

contained in the zinc cakes at thiosulfate leaching 

and to investigate the feasibility of solution 

regeneration after precipitation of the silver by 

Na2S. 
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2. EXPERIMENTAL 

2.1. Materials 

     The subject of the investigation is a zinc cake – 

a waste product from the wet recovery of zinc cakes 

at KCM Ltd. The chemical composition of the cake 

was determined through atomic absorption analysis 

as presented in Table 1.  

     The phase analysis of zinc cake obtained at 

similar plant applying the same technology for zinc 

cakes processing [6] shows that:  

1. The zinc exists in the form of sulfate, oxide, 

silicate, sulfide and ferrite.  

2. The lead in the cake exists in the form of 

anglesite (PbSO4), cerusite (PbCO3), galenite 

(PbS), plumbojarosite PbFe(SO4)3(OH)12.  

3. The copper is a very thin (up to 3 microns) 

edging of sulfide Cu2S on zinc silicate and zinc 

oxide grains and as isomorphic admixture in 

sphalerite and zinc ferrite.  

4. The silver in the zinc cake is mainly contained 

in the crystal lattice of the secondary covelline, 

while part of it is adsorbed by the iron 

hydroxides [7]. According to the authors, in the 

process of recovery of the zinc cakes, the 

copper and silver pass into the solution, and 

after that their ions interact with the zinc sulfide 

by the reaction:  

(Cu,Ag)SO4+ZnS = (Cu,Ag)S+ZnSO4   (1) 

     Cake, for the most part, consists of particle 

aggregates with size 10-15 microns. The latter 

contain particles to submicron size. More than 90% 

of the silver is concentrated in size classes less than 

40 microns [6].  

     Upon recovery of the zinc cake with water for 1 

hour at a temperature of 70оС, 3.97 % of the copper 

and 16.19 % of the zinc pass into the solution. The 

total content of water-soluble compounds in the 

zinc cake is 18.75 %.  

     For recovery of silver from the cake a sodium 

thiosulfate pentahydrate solution was used. Water 

solution of sodium sulfide was used as precipitator 

of the silver.  

2.2. Methods 

     The leaching experiments for silver recovery 

from the cake were carried out in a thermostat in 

order to maintain the defined temperature. The 

stirring of the pulp was realized by means of a 

mechanical stirrer. The defined level of solution pH 

was reached and maintained by means of lime milk. 

     The silver precipitation experiments were 

carried out using a magnetic stirrer at room 

temperature. Atomic absorption analysis was used 

to determine the concentration of Ag, Cu, Fe, Pb, 

Zn in the thiosulfate solution, the solid residue, and 

the sulfide concentrate. 

RESULTS AND DISSCUSION 

3.1. Thiosulfate recovery of silver from zinc cake 

     The factors influencing the rate of silver 

recovery by thiosulfate leaching of zinc cake are: 

sodium thiosulfate concentration, type and quantity 

of the additions which stabilize the solution, 

temperature, pulp density, leaching time and pH of 

the medium. 

     Thiosulfate ion is a metastable anion with a 

tendency to chemical decomposition in water 

solutions. The oxidation of thiosulfate is fast in 

neutral and acidic solutions. 

     For the purpose of reducing thiosulfate 

consumption, various researchers propose addition 

of sulfites and sulfates that would transform the 

free sulfide ion into thiosulfate during the recovery 

process or would retard the decomposition process 

by increasing the concentration of decomposition 

products. 

    Ammonium sulfate was used in the subsequent 

experiments as activator of the process of 

thiosulfate recovery of silver from the zinc cake 

and as inhibitor of the thiosulfate ion 

decomposition, in analogy to [5]. 

     The following conclusions can be drawn from 

the experiments performed to determine the factors 

influencing the rate of recovery, the results of 

which are presented in Figures 1-5: 

 With the increase of sodium thiosulfate 

concentration up to 25 g/l the rate of silver 

leached increases. The increase of thiosulfate 

concentration above 25 g/l does not result in a 

higher rate of silver recovery (Figure 1). 

 The joint action of sodium thiosulfate and 

ammonium sulfate increases the rate of silver 

recovery. As illustrated by Figure 2, an 

increase of the Na2S2O3:(NH4)2SO4 ratio above 

1 does not lead to further increase of the rate of 

silver recovery. For this reason the 

experiments were carried out at a ratio 

Na2S2O3:(NH4)2SO4=1. 

 The decomposition rate of the thiosulfate 

leachant is directly proportional to sodium 

thiosulfate concentration in the solution. Upon 

rising of the temperature to 40 - 80оС, the 

thiosulfate decomposition increases four times. 

There are two temperature zones of thiosulfate 

decomposition, from 40 to 60оС and from 60 

to 80оС, which are related to different 

decomposition mechanisms. The maximum 
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rate of decomposition of the thiosulfate ions is 

observed at 80оС and sodium thiosulfate 

concentration 80g/l. The experiments carried 

out in the temperature range up to 50оС 

showed that the increase of temperature above 

30оС does not result in any significant increase 

of silver recovery from the zinc cake (Figure 

3). 

 The lowest rate of silver recovery is achieved 

at solid:liquid ratio = 1:3 (Figure 4). This is 

most probably due to the depletion of 

thiosulfate, because other metals also 

simultaneously pass into the solution with the 

silver. 

 The results of the experiments showed (Figure 

5) that pH of the solution does not influence 

the rate of silver recovery. 

 In all experiments, the highest reached silver 

recovery degree is 74 %. 

 
Fig. 1. Effect of thiosulfate concentration on silver 

leaching (T=50oC, =60 min, S:L=1:10, pH=6). 

 

 
Fig. 2. Effect of ratio Na2S2O3:(NH4)2SO4 on silver 

leaching (25 g/l Na2S2O3.5H2O, T=50oC, S:L=1:10, 

pH=6). 

 
Fig. 3. Effect of temperature on silver leaching 

(25 g/l Na2S2O3.5H2O, 15 g/l (NH4)2SO4, t =60 min, 

S:L=1:10, pH=6) 

 
Fig. 4. Effect of solid:liquid ratio on silver leaching 

(25 g/l Na2S2O3.5H2O, 15 g/l (NH4)2SO4, T=50oC,  =60 

min, pH=6) 

 
Fig. 5. Effect of pH on silver leaching (25 g/l 

Na2S2O3.5H2O, 15 g/l (NH4)2SO4, T=50oC, S:L=1:5,  

=60 min 
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     As a result of thiosulfate leaching of the zinc 

cake at 25 g/l Na2S2O3.5H2O, 15 g/l (NH4)2SO4, 20 

% pulp density, 30 min process duration and pH=6, 

a solution with chemical composition as presented 

in Table 2 is obtained. 
  Table 1. Chemical composition of zinc cake, % 

Cu Pb Fe Zn Ag, g/t 

1.27 4.40 27.69 18.10 158 

Table 2. Chemical composition of thiosulfate solutions, 

g/l 

Cu Pb Fe Zn Ag 

0.07 0.64 1.81 4.65 0.026 

Table 3. Chemical composition of undissolved residue, 

% 

Cu Pb Fe Zn Ag, g/t 

1.14 4.85 31.95 17.00 30 

  As can be seen in Table 2, the thiosulfate solution 

contains predominantly zinc. 

     The chemical composition of the solid residue 

obtained after thiosulfate leaching of the zinc cake 

at these conditions is presented in Table 3.  

 
Fig. 6. Effect of Me:S on precipitation degree. 

     Silver can be extracted from the thiosulfate 

solutions through cementation, electrolysis or 

precipitation of low-soluble compounds. The 

choice of a proper method will be determined by 

the regeneration capability of the solution. Probably 

the most suitable method of silver recovery is 

precipitation of silver sulfide by means of sodium 

sulfide. 

3.2. Precipitation of silver from thiosulfate 

solutions 

     Of all reagents proposed for silver precipitation, 

sodium sulfide is the most affordable, inexpensive 

and reliable in terms of completeness and rate of 

the reaction which is described with the following 

equation: 

5 2 3 3 2 2 2 2 32Na [Ag(S O ) ] Na S Ag S 6Na S O  

    (2) 

     Various quantities of 10 % Na2S solution are 

used for metal precipitation from solution produced 

as a result of thiosulfate leaching of zinc cake. The 

dependency of the rate of silver and zinc 

precipitation on the ratio of the sum of metals 

(Me) in the solution to the amount of sulphur 

introduced with Na2S is presented in Figure 6. 

     Depending on the quantity of Na2S, pH of the 

thiosulfate solution varies from 6 to 11, whereupon, 

to different degrees, the zinc is precipitated as a 

hydroxide. The chemical composition of the 

hydroxide-sulfide precipitate obtained at Me:S = 

0,74 is presented in Table 4. 

 
Fig. 7. Conceptual flow sheet for treatment of zinc cake. 
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     Table 4. Chemical composition of sulfide 

concentrate, % 

Cu Pb Fe Zn Ag S 

0.93 3.55 0.27 43.09 0.1616 10.74 

Table 5. Metal precipitation degree, % 

Cu Pb Fe Zn Ag 

97.80 99.58 92.32 99.93 99.99 

 
Table 6. Chemical composition of leaching solution (pH=7) and obtained concentrate 

 Cu Pb Fe Zn Ag 

Leaching solution, g/l 0.334 0.122 0.016 6.5 0.115 

Concentrate, % 14.29 5.65 0.19 44.73 5.18 

 

     In that case, the degree of precipitation of the 

examined metals varies between 92 and 100% 

(Table 5).The technology of thiosulfate recovery of 

silver from zinc cake is attractive only if the 

solution is regenerated and reused, in which case 

the silver concentration is gradually increased to 

higher levels.     Experiments for repeated use of 

the thiosulfate solution for dissolution of new 

batches of zinc cake were carried out and the 

precipitator consumption is being determined by 

the ratio Me:S =1. It was found that upon 

dissolution of the second batch of cake the degree 

of silver recovery decreased from 74 % to 6 %, 

which was due to the presence of free S2-, because 

of the high consumption of precipitator. Therefore, 

for successful regeneration of the thiosulfate 

solution the leaching process should be performed 

while maintaining pH=7-8, so as to secure 

hydrolization of the other metals except silver. 

Then, the consumption of precipitator will be 

considerably lower. For that purpose, experiments 

were carried out for quintuple use of the thiosulfate 

solution while maintaining pH=7 by means of lime 

milk. The consumption of sodium sulfide for silver 

precipitation is 1,1 g per 1 g of silver in the 

solution. After recovery of the fifth batch the 

thiosulfate solution has the chemical composition 

presented in Table 6. The chemical composition of 

the hydroxide-sulfide concentrate obtained after 

precipitation is also presented in the same table. 

     As a result of the quintuple use of the thiosulfate 

solution, the rate of silver recovery in the 

concentrate decreases from 74 to 70 %. It means 

that the thiosulfate solution should be adjusted at 

regular intervals. It can be assumed that if an even 

higher pH is maintained during the recovery, for 

example pH=8, whereby fuller hydrolization of the 

metals is secured, the silver content in the produced 

concentrate will increase significantly.  

     For treatment of the solid residue after 

thiosulfate leaching there are two possible ways – 

Waelz-process or floatation and Waelz-process.  

     The conceptual flow sheet for treatment of the 

zinc cake is presented in Fig. 7. 

CONCLUSIONS 

     As demonstrated by the obtained experimental 

results, about 74% of the silver contained in the 

zinc cake can be recovered by thiosulfate 

technology and subsequent precipitation with Na2S 

to produce silver concentrate. The proposed process 

diagram can be successfully applied in the end of 

the cycle of wet recovery of zinc cakes.  
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Постъпила на  27 юни, 2014 г.;   приета на 8 април, 2014 г. 

(Резюме) 

     В настоящата експериментална работа е изследвана възможността за тиосулфатно извличане на среброто от 

цинковите кекове, получени при мокрото извличане на цинкова угарка в КЦМ-Пловдив. Изследвано е 

влиянието на различни фактори върху степента на тиосулфатно извличане на среброто. Установено, е че 

степента на извличане на среброто е 70-74 % в температурния диапазон 30-50оС при  плътност на пулпа 20% и 

времетраене на извличането 30 min, независимо от pH на разтвора. Проследено е поведението на медта, 

оловото, цинка и желязото при тиосулфатното извличане. При поддържане на pH на тиосулфатния разтвор 7-8 с 

цел хидролизиране на металите, преминали в разтвора и следващо утаяване на среброто с Na2S се получава 

сребърен концентрат. Разгледана е възможността за регенериране на тиосулфатния разтвор. Твърдият остатък 

от извличането съдържа 10-40 g/t и може да бъде преработван чрез Велц-процес.  
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Glycerol mono oleate (GMO) was made from waste glycerol (WG) from biodiesel productions by condensation 

with oleic acid in presence of titanium alcoholate as catalyst. The total acid number was obtained with titration of the 

samples of GMO with alcohol solution of potassium hydroxide (ASKON). The neutralization of extra oleic acid was 

made by alcohol solution of methyl amine or 25% amonia. The prepared sample from the obtained modifier was 

analysed by standard method with four-ball method and the reduced friction was assessed. 

Key words: waste glycerol, glycerol monooleate, titanium catalysts, friction modifiers

INTRODUCTION 

In a number of publications was described the 

obtaining of GMO started from 30th years of the 

last century. It was known that this compound can 

be obtain from: 

 Glycerolize 

 Hydrolyses of triglycerides 

 Direct esterification of glycerol with oleic 

acid 

The third method was possible to be made with 

or without catalysts. The first possibility was made 

usually at high temperature or pressure. The applied 

catalysts were acids [1,2] or basis [3,4]. Usually the 

application of catalysts decreases the temperature 

and the time. The application of solid catalysts 

(oxides, zeflites and others)widely investigated and 

it will not be described in this paper. The reaction 

between oleic acid (OA) and ammonia or ammines 

was well known, because –COOH was acidic, but 

amines were bases. In [6] was described the 

obtaining of amides from fatty acids and 

methylamine. The same authors have another 

article, published in 2013 year. The application of 

enzymes was described in a lot of articles [7]. We 

investigated the possibility for making of glycerol 

mono oleate from waste glycerol obtained in 

biodiesel production. The reaction was made in the 

presence of a new titan tetra alcoholic containing 

catalysts (TiAl) applied in syntheses of synthetic 

oils [8]. Becausethey have some excess of oleic 

acid, we decided to combine itwith methyl 

amine.The reaction between glycerol –OH groups 

and oleic acid in the presence of TiAl was 

investigated at two temperatures and the activation 

energy (Eact.) was determined. 

EXPERIMENTAL 

The compound WG was investigated by 

elemental analysis (EA) with apparatus Euro EA 

3000 (Euro Vector Sp A, Italy). The carbon, 

nitrogen and hydrogen content were measured in 

the analyzed samples by burning of the material 

with weight 0.5 – 1.5 mg at 9800C in oxygen 

atmosphere. The obtained gas mixture passed 

through chemical/absorption zone. Then CO2,N2 

and H2O were separated by gas chromatography. It 

was known, that glycerol have no nitrogen in his 

molecule, but in WG it was possible to have some 

small amount of nitrogen from protein of the raw 

oils applied in biodiesel production. The standard 

curve was made through analyses of acetonilile 

(C8H9NO) with computer product Calligus. From 

the obtained results, the content of glycerol (G)was 

calculated.The results from EA were compared by 

data obtained with UV-VIS analyses, made by 

apparatus Cary 100 Scan UV-VIS 

spectrophotometer (Varian, Germany) by obtaining 

the spectra of WG and pharmacopeiusG,99% 

product of Chemapol Ltd, Dimitrovgrad, Bulgaria 

and of G, p.a., product ofValerus Ltd, Sofia, 

Bulgaria. From the obtained spectra of the second 

company,the dependence concentration of G – C, / 

absorption A was made and there were calculated 

the equations of several maxima in the specter of G 

with different values of accuracy of the obtained  * To whom correspondence should be sent. 
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equations and experimental values(correlation 

coefficient R2). With the equations at 222 n.m.and 

A from spectrum of WG it was calculated the 

glycerol content in the WG. The obtained value was 

62%.The syntheses of GMO were made in 1500C 

for 3 h in the presence of 0.43 ml TiAl, 0.5 mol. 

standard OK, p.a., product of Valerus Ltd. and 0.6 

mol. WG. The same synthesis was made with 

standard OK and G, p.a.The obtained products 

wereinvestigated by 1H NMR(by apparatus 

BrukerAvance DRX250),UV-VIS and FTIR 

spectroscopies (by apparatus Cary 100 Scan UV-

VIS and Varian FTIR). The investigation with UV-

VISwere made in 10 mm cuvettes. The 

investigation with FTIR were made in thin layers of 

the obtained materials. Thefriction properties of 

GMO obtained from WG and from pure raw 

materials were investigated by standard method like 

additive of engine oil with four boll machine [9]. 

RESULTS AND DISSCUSION 

The characteristics of WG were investigated with 

elemental analyses, UV-VIS and FTIR 

spectroscopes. The spectra of G, product of 

Chemapol Ltd, Dimitrovgrad, Bulgaria were made 

with UV-VIS spectroscopy but they have not 

maxima in the area 200 – 400 nm(fig. 1).  

 
Fig. 1. UV-VIS spectra of G, product of Chemapol 

Ltd, Dimitrovgrad 

The spectra of glycerol published in the 

literature have several maxima in this area. This is 

the reason to make the same investigations with G, 

p.a., product of Valerus Ltd, Sofia, Bulgaria. The 

obtained spectra are presented in fig.2 

 
Fig. 2. UV-VIS spectra of G, product of Valerus Ltd, 

Sofia, Bulgaria 

From the obtained spectra were made equations 

concentration C, % / absorption A.for maxima at 

285, 225, 222 and 218 nm. It was known, that the 

equations are true if R2 > 0.99. This is the reason to 

make calculations only with equation at 222 nm. 

From this equation and from the data for WG given 

in fig. 3 the concentration of G in WG was 

calculated, namely 62%. 

 
Fig. 3. UV-VIS spectra of water solutions of WG 

ГIn 1H NMR spectrum of WG have maxima for 

protons in –СН- , -СН и –ОН groups. 

Thesegroupswerewithbands, shownin FTIR 

spectrum of WG. Forexample  –OH was with band 

at 3354.45 sm-1, Because WG was very reactive, 

was made spectrum in thin layer on the  plate from 

CaF2 with apparatus ThermoScietificNicolet 6700 

GMO, obtained from WG and standard OA , 

like product, made only from standard G and OA 

were investigated with1Н NMR, UV-VIS and FTIR 

spectroscopes. Data for 1Н NMR of GMO, made 

from WG was analogical of data for this compound, 

published in[10].In fig. 4 was given UV-VIS 

spectrum ofGMO from WG and standard OA. The 

place oftwo maxima for 1% -en alcoholsolution of 

GMO was under of  300 n.m 

 
Fig. 4. UV-VIS spectra of alcoholsolutions of GMO, 

made from WG with TiA. 

FTIR spectrum of GMO, obtained with the same 

catalyst from WG and standard OA was shown in 

fig. 5. The bands for–ОН group was at 3382.660 

cm-1, for–СН- and СН2groups were at 2926.058, 

2853.929, 1463.020, 1410.009 and 723.009 cm1and 

for –СО was at 1711.729 cm1. The values of some 

bands were at the same position, like in row 

glycerol, but in some bands were in a new places, 

because were for a new compound.In FTIR 

spectrum of GMO, obtained at the same catalyst 

from stanfard row materials, shown in fig. 7 had the 

same bands. The differences in the values of some 

bands were so small, that were after decimal point.  
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In the spectra of GMO after neutralization of the 

remained acidswith alcohol solution of 

methylamine ore with 25% water solution of 

ammonia, shown in figures 7 and 8 had analogical 

bands. 

The activation energyEactt. of the esterification of 

–ОН groups in GMO with OA was obtained in the 

investigation of the reactionin two temperatures – 

room at 800С. From the values of the velocities W1 

= 0.052 mg KOH/g.h. andW2 = 0.7515 mg. 

KOH/g.h. was obtained the value of activation 

energy Eactt=.9.15kJ/mol.The values of acid 

numbers (AN) were obtained with alcohol solution 

of KOH by standard method, described in[11]. The 

obtained values were in table 1. 
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Fig 5 FTIR spectrum of GMO, obtained from  WG and standard OA  withTiAl 
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Fig. 6. FTIR spectrum of GMO, obtained from  standards G and OA withTiAl. 

 

3666.048

3372.459

3282.601

3005.953

2924.182

2853.365

2534.058

2168.585

1644.571

1555.448

1464.808
1403.505

1345.132
1310.602

1224.746

1114.644
1051.023

996.264

854.380

722.445

GMO + ....

 3500  3000  2500  2000  1500  1000   500

    80

    70

    60

    50

    40

    30

    20

    10

Wavenumber

%
T

ra
n
s
m

it
ta

n
c
e

 

Fig. 7. FTIR spectrum of GMO, obtained from WG with catalystTiAl and after neutralization of the remained acids 

with alcohol solution of methylamine. 
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Fig. 8. FTIR spectrum of GMO obtained from WG with catalystTiAl and after neutralization of the remained acids 

with water solution of 25% ammonia 

Table 1. Data for A.N. of GMO and its mixtures with methilamine (MA)(1 -11.02, 2 – 19.02, 3 – 02.04)in room 

temperature  

N Probe (ml/ml) A.N.1,mg KOH*/ g A.N. 2,mg KOH*/ g A.N..3,mg KOH*/ g 

1 GMO from WG 101.15 80.53 79.68 

2 GMO: MA= 5 :1 71.34 51.78 51.55 

3 GMO: MA = 5 : 3 61.97 alkaline alkaline 

4 GMO: MA = 5 : 5 42.28 alkaline alkaline 

 

Table 2. Dependences between average diameter of wearing of the balls (deva) and of anti wearing index 

(AWI),from the quantity, % and the kind of investigated modifiersin mineral motor oil  М10D2/Е1 

№ Quantity,% and the kind of modifier ,  devaof wearing,mm AWI, N 

1 0 0.60 243 

2 2, Zn sucsinide 0.36 346 

3 0.5, Zn sucsinide 0.39 329 

4 0.5, Cu oleate 0.45 - 

5 GMO obtained from WG 0.43 302 

6 GMO obtained from standard materials 0.42 324 

 

Table3. Dependences between average diameter of wearing of the balls (dav), % , ∆from the quantity, % and the 

kind of investigated modifiersin motor oilSN 500 

№ Quantity,% and the kind of modifier ,  davof wearing, mm., %, ∆ 

1 0 , Mineral motor oil SN 500, 0.70, 100, 0 

2 1, anilidoleate 0.57, 81.43, 18.57 

3 0.5, anilidoleate 0.62, 88.57, 11,43 

4 1, Cu oleate 0.65, 92.86, 7.14 

5 0.5, Cu oleate 0.60, 85.71, 14.29 

6 2, Complex polyester 0.63, 90, 10 

7 1, Complex polyester 0.63, 90, 10 

8 2, GO obtained from WG 0.60, 85,71, 14.29 

9 1, GO obtained from WG 0,56, 80, 20 

10 0,5, GO obtained from WG 0,56, 80, 20  

11 2, GO obtained from standard materials 0.60, 85.71, 14.29 

12 1, GO obtained from standard materials 0,55, 78.57, 21.13 

13 0,5, GO obtained from standard materials 0,55, 78.57, 21.13 

Table 4. Dependences between average diameter of wearing of the balls (dav), %,  ∆from the quantity, % and the 

kind of investigated modifiersin synthetic motor oil5W40 according SAESL/CF по  API 



Z.Glavcheva-Laleva et al.: Application of waste glycerol from biodiesel productionfor obtaining of modifiers for ... 

122 

№ Quantity,% and the kind of modifier ,  davof wearing, mm., %, ∆ 

1 0 , syntetic motor oil 5W40 0.59, 100, 0 

2 1, anilidoleate 0.53, 89.83, 10.17 

3 0.5, anilidoleate 0.54, 91.53, 8.47 

4 1, Cu oleate 0.50, 84.75, 15.24 

5 0.5, Cu oleate 0.55, 93.22, 6.78 

6 2, Complex polyester 0.47, 79.66, 20.34 

7 1, Complex polyester 0.50, 84.75, 15.24 

8 0,5, Complex polyester 0,55, 93.22, 6.78 

8 2, GO obtained from WG 0.55, 93.22, 6.78 

9 1, GO obtained from WG 0,55, 93.22, 6.78 

10 0,5, GO obtained from WG 0,54, 91.53, 8.47 

11 2, GO obtained from standard materials 0.52, 88.14, 11.86 

12 1, GO obtained from standard materials 0,52, 88.14, 11.86 

13 0,5, GO obtained from standard materials 0,54, 91.53, 8.47 

14 1, Zn oleate 0,55, 93.22, 6.78 

15 0,5, Zn oleate 0,55, 93.22, 6.78 

16  1, Titanium oleate 0,52, 88.14, 11.86 

17 0,5, Titanium oleate 0.55, 93.22, 6.78 

 

 

Data for AN of GMO, obtained at 800С were 

analogical. .MA was 33% solution of the 

gazeCH3NH2in pure ethanol. If the sample was 

alkalinewas no possible the determination of AN. 

Maybe the esterification of GMO and OA 

prolonged, because in the molecule of Ghave3 OH 

groups, capable to react with – COOH groups of 

OA.In the presence of MA this possibility increased 

(probes NN 3 and 4). 

The properties of the obtained compounds like 

friction modifier of different motor oils were 

determined with four ball machine by standard 

method. For comparison were made investigations 

with standard friction modifiers. The investigations 

were made in acridities laboratory for oil products 

of” “Prista Oil” Ltd. In1200С for1h – table 2 and in 

laboratories of university of Russe 

“ÄngelKanchev”, given in tables 3, and 4. 

From the results, shown in table 2 was evident, that 

anti wearing properties of the oil with frictions 

modifiers (deva mm and AWI) increased with 

friction modifier Zn sucsinidewith 30%. With the 

decreasing of the concentration of the modifier 

those % was decreased from deva= 0,36mm for 2% 

to 0,39 mmfor 0,5%, but was enough for anti 

wearing properties of motor oil. With anti wearing 

modifier Cu oleate were obtained the bed results, 

compared with results of friction modifier GMO, 

obtained with catalyst TiAl. From the data in table 

2 was evident, that the modifier GMO, made from 

WG and OA were similar with the anti wearing 

properties of GMO, obtained from standard 

materials. The increasing was about 25%. From the 

results, shown in tables 3 and 4 were evident, that 

the obtaining materials were the good frictions 

modifiers 

CONCLUSION 

The results for decreasing of the quantity of 

different friction modifiers, given in tables 2, 3 and 

4 in mineral and synthetic motor oils were no every 

time in connection with theory of friction 

modifiers, but the results, obtained with 

investigated materials from WG were comparable 

or better with data, obtained with known friction 

modifiers. 
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(Резюме) 

Глицерол моно олеат (ГМО) беше получен от отпадъчен глицерол (ОГ) от производството на биодизел при 

кондензация с олеинова киселина с катализатор титанов алкохолат.  Общото киселинно число беше получено с 

титруване на проби от ГМО с алкохолен разтвор на калиева основа (АРКОН). Hеутрализацията на излишната 

олеинова киселина беше направено с алкохолен разтвор на метиламин или 25% амоняк при стайна температура. 

Получените проби от модификатора на триене бяха изследвани със стандартен метод с четирисачмяна машина 

и промяната на триенето беше оценена. 
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