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Abstract  

In this paper, the optimal treatment of industrial waste consisting from xanthate and oxidation 

product, i.e. diisobutyl and diethyl dixanthogenate, was developed for production of flotoreagents. 

Waste dixanthogenate was generated during production and storage of flotation agents, i.e. potassium 

isobutyl (KiBuX) and potassium ethyl xanthate (KEtX), respectively. The process of waste xanthate 

treatment is based on the reaction of the nucleophilic heterolysis of the persulfide bond in the 

diisobutyl dixanthogenates by alkylamines in presence of various oxidizing agents (sodium 

hypochlorite, hydrogen peroxide, potassium persulfate) to produce N-alkyl-, N,N-dialkyl- and N-

cycloalkyl-O-isobutyl thiocarbamate selective flotoreagents. Also, analogous methodology was 

applied for synthesis of N-alkyl and N,N-dialkyl-O-ethyl thiocarbamate from KetX using sodium 

hypochlorite at laboratory and semi-industrial level. The developed method provides the 

corresponding alkyl thiocarbamates in a high yield and purity. The flotation efficiency was analysed 

using the obtained thiocarbamate on a real sample of minerals in laboratory and industrial 

conditions.  

Keywords: Alkyl xanthate, Alkyl thiocarbamate, Dixanthogenates, Flotation 

 

INTRODUCTION 

Thiocarbamates are derivatives of thiocarbamic acid, i.e. salts and esters of thiocarbamic 

acids [1,2]. Structural characteristics, such as the direct bond between the thioacyl group and 

the nitrogen, contribute to their pronounced biological activity [3]. These compounds have a 

wide application thus they are produced at industrial level and used as fungicides [4-6], 

bactericides [5-7], herbicides [8,9], germicides [10], pesticides [11-13], and insecticides [14-

16]. Also, alkyl thiocarbamates are used as polymerization accelerators and selective 

flotoreagents [17]. 

Besides the known procedures of thiocarbamates syntheses [18-22], many others were 

developed by reacting mono and dithiocarbonic acid-O,S-diesters with primary or secondary 

amine [23], alkaline xanthate, amine and oxidizer [24], thiol and isocyanate in the presence of 

a catalyst [25], sodium or potassium alkyl xanthates with aliphatic amines and sulfur [26], 

xanthates and amines in the presence of nickel(II) sulfate heptahydrate catalyst [27], oxidation 

of amine salts of xanthic acid with hydrogen peroxide or sodium hypochlorite [28], and 

oxidation of amine salts of dithiocarbamic acids with ammonium peroxodisulfate [29]. 

https://plus.google.com/u/0/102654059338310000882?prsrc=4
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In this paper the optimal laboratory synthesis of N-alkyl-, N,N-dialkyl- and N-cycloalkyl-

O-isobutyl thiocarbamate selective flotoreagents from industrial waste xanthate and the 

corresponding amines in the presence of various oxidizing agents: peroxide, sodium 

hypochlorite and potassium peroxodisulfate were presented. Waste xanthate from production 

of potassium isobutyl xanthate (KiBX) and potassium ethyl xanthate (KEtX) consists of 

starting xanthate and dixanthogenates [30]. Innovative procedure relate to optimal 

technological treatment which provided efficient conversion to thiocarbamate products. 

Second part of the work was related to synthesis of the N-alkyl and N,N-dialkyl-O-ethyl 

thiocarbamate from diethyl dixanthogenates in presence of sodium hypochlorite at laboratory 

and semi-industrial level. Moreover, the comparative study on flotation efficiency of the 

synthesized and commercial thiocarbamates for copper isolation from real mineral copper ore 

sample was performed. 

 

MATERIALS AND METHODS 

Synthesis of isobutyl thiocarbamate from KiBX and amines in the presence of 

potassium peroxodisulfate (Method 1) 

Synthesis of isobutyl thiocarbamates was performed according to literature procedure [33]. 

The yield and purity of the products are determined by the GC method and are given in Table 

1.  

In a manner analogous to the procedure described above, the synthesis of thiocarbamate in 

the presence of hydrogen peroxide (Method 2) and sodium hypochlorite (Method 3) as an 

oxidizing agents was carried out [33], and the yields and purity of the products, determined by 

the GC method, are given in Table 1. 

Synthesis of ethyl thiocarbamates from waste diethyl dixanthogenates  

Synthesis of thiocarbamates from waste dixanthogenаtеs, separated from waste xanthates, 

was carried out by reaction of the corresponding alkyl amines in the presence of sodium 

hypochlorite [34]. All other ethyl thiocarbamates are synthesized in an analogous manner to 

the procedure above, using the appropriate amines under reaction conditions presented in 

Table 2. 

 

RESULTS AND DISCUSSION 

Synthesized N-alkyl, N,N-dialkyl- and N-cycloalkyl-O-isobutyl thiocarbamate are 

characterized by FTIR, 
1
H and 

13
C NMR results, and obtained results are in accordance to 

literature data [30,33]. The purity is determined by the GC method and confirmed by 

elemental microanalysis. The yields and purity of the synthesized thiocarbamate, obtained by 

methods 1, 2 and 3, are shown in Table 1. 

Based on the yields of the reactions products (Table 1), the most significant oxidation 

agent is potassium peroxodisulfate, and the yields are relatively similar and somewhat higher 

in oxidative processes than in those obtained by applying the conventional synthesis process 

of aminolysis of sodium isobutyl xanthogenacetate [30]. 
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Table 1 Yields and purity of synthesized isobutyl thiocarbamate 

Compound 
Yield [%] GC purity [%] 

H2O2 NaOCl K2S2O8 H2O2 NaOCl K2S2O8 
iBuOC(S)NHEt 87.2 85.1 90.3 98.5 98.3 98.6 
iBuOC(S)NHPr 88.6 86.5 91.7 97.3 97.5 97.2 
iBuOC(S)NHnBu 89.5 86.8 92.6 99.0 99.1 99.2 
iBuOC(S)NHsBu 89.3 87.2 92.4 99.4 99.3 99.1 
iBuOC(S)NHiPr 87.1 85.0 90.2 99.2 99.0 99.2 
iBuOC(S)NHiBu 93.6 92.5 96.7 97.0 97.2 97.8 
iBuOC(S)NHiPent 94.1 92.0 97.3 97.5 97.7 97.9 
iBuOC(S)NHcPr 77.4 75.6 80.2 97.8 98.0 98.6 
iBuOC(S)NHcPent 83.6 82.4 86.7 98.0 98.1 98.5 
iBuOC(S)NHcHeks 87.7 85.6 90.8 97.0 97.2 97.9 
iBuOC(S)N(Et)2 93.8 91.7 96.5 97.4 97.6 97.5 
iBuOC(S)N(Pr)2 95.2 94.0 98.0 98.0 98.1 98.8 
iBuOC(S)N(Bu)2 95.9 95.1 98.2 97.0 97.2 97.9 

  

Waste diethyl dixanthogenates treated with various alkylamines in the presence of sodium 

hypochlorite oxidant gave ethyl thiocarbamate product (Table 2). 

 

Table 2 Yields and purity of N-alkyl and N,N-dialkyl-O-ethyl thiocarbamate   

Compound Reaction time [h] Temperature [oC] Yield [%] GC purity [%] 
EtOC(S)NHMe 2.0 30 - 45 89.2 97.9 
EtOC(S)NMe2 2.0 30 - 45 90.0 97.8 
EtOC(S)NHEt 2.0 30 - 45 88.0 97.0 
EtOC(S)NEt2 2.0 30 - 45 88.8 97.6 

EtOC(S)NHPr 2.0 30 - 45 88.2 98.0 
EtOC(S)NPr2 3.0 40 - 50 84.5 98.4 

EtOC(S)NHi-Pr 3.5 40 -55 82.1 99.6 
EtOC(S)Ni-Pr2 4.5 40 - 55 75.0 98.9 

 

Based on the results presented in Table 2 high yields and purity of N-alkyl and N, N-dialkyl-

O-ethyl thiocarbamate were obtained, and depends on the structure of the amines used. 

Voluminosity of di-n-propyl, isopropyl, and di-isopropyl group contributes significantly to 

steric repulsion which prevents amines to performe an effective nucleophilic heterolysis of S-S 

bonds in the first step of the reaction. Amine structure has essential impact on the 

nucleophilicity of amines [31]. Lower yields were obtained for N,N-di-propyl-O-ethyl 

thiocarbamate (84.5%), N-isopropyl-O-ethyl thiocarbamate (82.1%), while lowest for N-

diisopropyl-O-ethyl thiocarbamates (75.0%). MS, FTIR, 
1
H and 

13
C NMR data are in 

accordance with literature [31]. The amount of sulfur produced after the filtration of the reaction 

mixture corresponds to the theoretical stoichiometric value in relation to the starting quantities 

of the reactants. 

In accordance to optimal laboratory synthesis semi-industrial production was carried out at 

H. I. Župa Kruševac plant. It was found that the reaction products are not present in waste 

water, while the concentration of dixanthogenates is below the maximum contamination limit, 

Table 4 [32]. Necessary wastewater treatment is also very simple. An innovative method could 

be widely used for the synthesis of thiocarbamate starting from various raw materials: 

ammonium salts and alkaline salts of O-alkyl xanthic acid [33], as well as waste or commercial 

diethyl dixanthogenate [34]. The results of the implementation of the defined method at the 

semi-industrial level are shown in Table 3.  
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Table 3 Results of semi-industrial synthesis of N-ethyl-, N-propyl and N,N-dipropyl-O-ethyl 

thiocarbamate 

Thiocarbamates 

Reactants Reaction 

conditions 
By-

product Product 

Amine H2SO4 
Sodium 

ethyl 

xanthate 
NaOCl t T Sulfur Yield GC 

kg kmol kg kmol kg kmol m3 kmol h oC kg kg % % 
EtOC(S)NHEt 35.4 0.55 28.1 0.28 144 1.0 0.66 1.5 2.5 30.0 25.0 126.5 95.0 99.0 

EtOC(S)NH(nPr) 33.2 0.55 28.1 0.28 144 1.0 0.66 1.5 2.8 30.0 24.0 135.2 92.0 98.6 
EtOC(S)N(nPr)2 54.4 0.55 28.1 0.28 144 1.0 0.66 1.5 4.0 30.0 20.0 161.0 85.2 98.1 

 

The technological scheme of the semi-industrial process for the synthesis of thiocarbamate is 

presented in Figure 1. Results of determination of isobutyl dixanthogenate in wastewater in the 

process of semi-industrial production are presented in Table 4. 

 

 
Figure 1 Technological scheme of the semi-industrial synthesis of ethyl thiocarbamate  

 

Table 4 Concentrations of ethyl dixanthogenate in waste water 

Compound Sample amount 
[cm3] 

Concentration of ethyl dixanthogenate 

c ·103 [mmol dm-3] c ·102 [mg dm-3] 
EtOC(S)NHEt 70.00 21.36 58.00 

EtOC(S)NHnPr 85.00 20.09 53.80 
EtOC(S)NHiPr 85.00 19.98 54.31 
EtOC(S)NHBu 80.00 18.45 50.29 

 

The product obtained by the defined procedure was examined in the flotation process on a 

real mineral sample. The results of comparative studies on flotation efficiency, synthesized 
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versus commercial, of copper ore sample from the Elacite-Bulgaria are presented in Tables 5 

and 6. 

 

Table 5 Flotation results obtained using commercial N-ethyl O-isobutyl thiocarbamate  
 W, [g] w, [%] Cu, [%] Cu, [g] ICu, [%] 

Entrance 996.9 100 0.454 4.5284 100 

BCCu 36.9 3.70147 11.350 4.1881 92.4845 

KKCu 14.5 1.4545 1.030 0.1493 3.2980 
UKCu 51.4 5.1560 8.438 4.3375 95.7820 

Tailings 945.5 94.8440 0.020 0.1909 4.2175 
*W- weight of ore sample, w- mass % of ore sample, ICu-copper content BCCu-basic concentrate, 

KKCu- prolonged flotation, UKCu-total flotated copper, Tailings– copper content in tailings. 

 

Table 6 Flotation results obtained using synthesized N-ethyl O-isobutyl thiocarbamate  
  W, [g] w, [%] Cu, [%] Cu, [g] ICu, [%] 

Entrance 1000.6 100 0.460 4.6088 100 
BCCu 40.5 4.0475 10.820 4.3821 95.0794 

KKCu 12.2 1.2192 0.810 0.0988 2.1441 

UKCu 52.7 5.2668 8.502 4.4809 97.2230 

Tailings 947.9 94.7332 0.013 0.1279 2.7765 

 

Based on the results shown in Tables 5 and 6, it can be seen that synthesized flotoreagents 

are more efficient flotation reagent. Analogous comparative study was carried out with real 

copper ore sample from JAMA - Bor mine, and obtained results are given in Tables 7 and 8. 

 

Table 7 Flotation results obtained by using commercial N-ethyl O-ethyl thiocarbamate  
 T, [g] t, [%] Cu, [%] Cu, [g] ICu, [%] 

Entrance 990 100 0.657 6.5072 100 

UKCu 195 19.6969 3.123 6.0906 93.5981 
Tailings 795 80.3030 0.052 0.4165 6.4018 

*Kcu – flotated copper by basic flotation, Tailings– copper content in tailings. 

 

Table 8 Flotation results obtained using synthesized N-ethyl O-ethyl thiocarbamate  
 T, [g] t, [%] Cu, [%] Cu, [g] ICu, [%] 

Entrance 995 100 0.696 6.9346 00 
UKCu 210 21.1001 3.1385 6.5908 95.0418 

Tailings 785 78.8912 0.044 0.3438 4.9581 

 

The obtained results on the flotation efficiency related to the real copper ore sample from 

JAMA-Bor mine, Tables 7 and 8, showed higher flotation efficiency of synthesized 

thiocarbamate comparing to commercial one. 

 

CONCLUSION 

Synthesis of N-alkyl-, N,N-dialkyl- and N-cycloalkyl-O-isobutyl thiocarbamate from amine 

salts of xanthic acid obtained from KiBX separated by waste xanthate treatment with 

potassium peroxodisulfate, hydrogen peroxide and sodium hypochlorite. Highest yields in 
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presence of K2S2O8 (80.2-98.2%), lower in the presence of H2O2 (77.4-95.9%), and the lowest 

in the presence of NaOCl (75.6-95.1%). The process for the synthesis of N-alkyl and N,N-

dialkyl-O-ethyl thiocarbamate from waste diethyl dixanthogenates and amines in the presence 

of sodium hypochlorite was developed at the laboratory level and applied at the semi-

industrial level. The structures of all synthesized thiocarbamates were confirmed by FTIR, 
1
H 

and 
13

C NMR spectroscopy, as well as MS spectrometry. The purity was determined using 

GC chromatography and elemental analysis. This new environmentally acceptable process 

represents a favorable possibility for existing methods, and offere a significant contribution to 

environmental protection. The results of comparative studies related to flotation efficiency 

from copper ore samples showed higher percentage of flotated copper using synthesized 

thiocarbamates in comparison to commercial one.  

 

ACKNOWLEDGEMENTS 

This work was supported by the Ministry of Education, Science and Technological Development of 

Serbia (Project Number 43007). 

 

REFERENCES 

[1] M.M. Milosavljević, Ž. Tadić, S. Petrović, XXXIV Savetovanje hemičara Srbije, Beograd 

(1992). 

[2] T. Yagihara, K. Miyazaki, S. Hashimoto, et al., US3950534 (1974). 

[3] A. B. Glazsrin, A. N. Denisov, V. P. Talzi, et al., Tiokarbamats, Prommiilennostm po 

proizvodstvu mineralmnih udobreniy, seriy, Himicheskie sredstva zaoitmi rasteniy, 

Nauchno-isledovalteski institut Tehniko-ekonomicheskii isledovanii, Moskva (1988), p. 1. 

[4] D. Minić, Hemija pesticida, Beograd (1994), p. 282. 

[5] P. T. Agrawal, Y. A. Ali, S. P. Deshmukh, Int. J. Chem. Sci; 7 (2009) 775. 

[6] Y. Zhou, L. Wang, L. Han, et al., Carbohyd. Res; 344 (2009) 1289. 

[7] V.P. Savin, V.P. Talzi, N.O. Bek, Zh. Org. Khim; 20 (1984) 1842. 

[8] M. M. Milosavljević, S. Ražić, Vaprosy himii i himicheskoi tehnologii 3 (2005) 50. 

[9] A. Gerstner, DE102008032537 (2010). 

[10] F. Kunihiko, S. Kuniaki, O. Haruki, US4101670 (1978). 

[11] J. K. Rinehart, US4059609 (1977). 

[12] J. K. Rinehart, US4055656 (1977). 

[13] M. Kuchikata, H. Ikari, H. Kuyama, JP54028817 (1979). 

[14] F. Kunihiko, S. Kuniak, US4101670 (1978).  

[15] H. Kisida, M. Hatakoshi, US4486449 (1984). 

[16] M.M. Milosavljević, A.D. Marinković, V.B. Veljković, et al., Monatsh. Chem; 143 

(2012) 43–49. 

[17] V. J. Hall, G. Siasios, E .R. T. Tiekink, Aust. J. Chem; 46 (1993) 561. 

[18] M. Milosavljević, A. D. Marinković, S. Đorđević, Hem. Ind; 60 (2006) 27. 

[19] B. Movassagh, Y. Zakinezhad, Chem. Lett; 34 (2005) 1330. 

[20] F. Karrer, US4060629 (1977). 

[21] P. Reich, D. Martin, Chem. Ber; 98 (1965) 2063. 

[22] H. Millauer, G. Edelmann, US3963768 (1976). 

[23] G. Calcagno, US4298524 (1981). 

[24] B. Movassagh, M. Soleiman-Beigi, Monatsh. Chem; 139 (2008) 137. 

[25] W. Walter, K. D. Bode, Ann. 698 (1966) 122. 

[26] G. Jonhson, M.F. Rafferty, US4980366 (1990). 

[27] S.S. Milisavljević, A. D. Marinković, M. M. Milosavljević, Hem. Ind; 64 (5) (2010) 401. 

http://patents.justia.com/inventor/TOMIOYAGIHARA.html
http://patents.justia.com/inventor/KOSHINMIYAZAKI.html
http://patents.justia.com/inventor/SHOHASHIMOTO.html


26
th
 International Conference Ecological Truth & Environmental Research, 12-15 June 2018, Bor Lake, Bor, Serbia 

 

325 

 

[28] L. Eisenhuth, H. G. Zengel, US4459424 (1984). 

[29] M.M. Milosavljević, D.Ž. Mijin, S.S. Konstantinović, et al., Hem. Ind; 68 (3) (2014) 

331–339.  

[30] N.M. Elezović, M.D. Mitić, S.Ž. Milojević, et al., A New procedure for processing waste 

xanthates, International science conference, Reporting for sustainability, 07-10 May, 

Bečići, Montenegro (2013). 

[31] 277. M. Milosavljević, M. Sovrlić, A. D. Marinkovic, et al., Monats. Chem; 141 (2010) 

749. 

[32] M.M. Milosavljević, A. Marinković, S.D. Petrović, et al., Chem. Ind. Chem. Eng. Q;15 

(2009) 257–262. 

[33] M.Ž. Sovrlić, M.M. Milosavljević, A.D. Marinković, et al., Hem. Ind; 65 (2011) 541–

549. 

[34] M.M. Milosavljević, A. Marinković, S.D. Petrović, et al., Chem. Ind. Chem. Eng. Q; 15 

(2009) 257–262. 


	Proceedings of the 26th EcoTER18 conference
	Impressum
	Organizers and co-organizer of the Conference
	Committee I
	Commitee II
	Miljan Vilimonović et al.


