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Component composition of Achillea micrantha essential oil  

and its biological activity 

Data on study of the component composition and biological activity of the essential oil of Achillea micrantha 

Willd. (Asteraceae family) are presented in this article. The raw materials for the researching were collected 

at the territory of the Republic of Kazakhstan, Karaganda region during the flowering period. Essential oil of 

plant by hydrodistillation was obtained, the yield is 0.22 %. The component composition of essential oil was 

studied using GC/MS Clarus-SQ 8 (PerkinElmer). Antimicrobial, antifungal, antimalarial, cytotoxic, anti-

radical and anti-tuberculosis activities of essential oil were studied. Antibacterial and antifungal activity were 

identified using the strain of 5 human-pathogenic bacteria (Staphylococcus aureus, St. aureus (MRSa), Esch-

erichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) and 5 fungi (Candida albicans, 

C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans). Antimalarial activity of the sample 

was tested for its ability to inhibit Plasmodium falciparum of protozoa. Cytotoxic activity carried out using 

test on larvae of Artemia salina. Determination of antiradical activity of essential oil was performed against 

2,2-diphenyl-1-picrylhydrazyl (DPPH), as a reagent for comparison, gallic acid (GA) and butylhydroxy-

anisole (BHA). The tuberculosis activity of essential oil was determined on Mycobacterium tuberculosis 

H37Rv sensitive to all five first-line antituberculosis drugs (streptomycin, isoniazid, rifampicin, ethambutol 

and pirazinamide). As a result of research it was established that A. micrantha Willd essential oil doesn't pos-

sess or shows low degree of the above types of activity, shows lethal toxicity concerning Artemia salina lar-

vae of crustaceans in all tested concentration (1–10 mg/ml). 

Key words: Achillea micrantha, essential oil, GC/MS, antimicrobial, antifungal, antimalarial, cytotoxic, anti-

radical and anti-tuberculosis activities, Artemia salina, DPPH. 

 

Introduction 

The development of modern industry and rapid population growth in the coming years, puts the prob-

lem of finding new renewable resources: sources of power, biofuels, agricultural and medical products, cos-

metics and personal care products; which will undoubtedly lead to increased interest in plant resources, on 

which you can obtain high-purity (quality) and biologically safe products. 

Essential oils (EOs) are homogeneous mixtures of organic chemical compounds from the same chemi-

cal family; they are composed by terpenoids, especially monoterpenes and sesquiterpenes. Nevertheless, low 

molecular weight aliphatic compounds, acyclic esters or lactones may be present. 

EOs of plants has been used traditionally for numerous applications in health-related areas, and in foods 

and commercial uses [1, 2]. In most medical applications the oils were applied directly to the skin, although 

the potential cytotoxicity of EOs precluded internal consumption [3]. This problem could, at least in theory, 

be avoided by inhalation of the vapors of EOs, as practiced in aromatherapy. Furthermore in many traditional 

remedies for colds and respiratory disorders, formulations often included plant EOs to provide relief through 

inhalation of the vapors [3]. 
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Figure 2. The «Alpha Midi» apparatus 

As shown in Table 1 the volatile composition of A. micrantha contains 1,8-cineole — 24.4 %, cam-

phor — 12.4 %, camphene — 7,0 %, !-pinene — 5.7 %, sabinene — 5,5 %, o-cymol — 3.9 % and 

4-terpineol — 2.8 % as main components. 

T a b l e  1  

Component composition of essential oil of A. micrantha 

RT Compound Content, % RT Compound Content, % 

4,55 Hexanal 0,3 23,117 Limona ketone 0,2 

9,312 Santolina triene 0,7 23,305 cis-2-Menthenol 0,2 

9,95 Cyclene 0,4 23,998 Camphor 12,4 

10,314 "-Thujene 1,4 24,255 cis-Pinocarveol 0,3 

10,647  -Pinene 5,7 25,443 Pinocarvone 0,3 

11,308 Camphene 7,0 26,478 endo-Borneol 2,3 

12,823 Sabinene 5,5 26,786 cis-Chrysanthenol 0,3 

12,944 "-Pinene 2,3 27,659 4-Terpineol 2,8 

13,634 2,3-Dehydro-1,8-cineole 0,2 28,631 Terpineol 1,2 

14,191 "-Myrcene 0,5 29,156 Myrtenol 0,2 

14,797 !-Phellandrene 0,2 32,939 Piperitone 0,3 

15,718 !-Terpinene 1,9 36,868 Bornyl acetate  0,3 

15,963 o-Cymol 3,9 44,319 Cyclosativene 0,7 

16,514 1.8-Cineole 24,4 45,298 Copaene 1,6 

16,642 Limonene 0,9 45,746 "-Bourbonene 0,2 

18,245 cis-"- Ocimene 0,5 48,307 Caryophyllene 0,3 

18,81  -Terpinene 2,7 53,032 D-Germacrene 1,1 

18,964 cis-Sabinene hydrate 0,7 54,21  -Gurjunene 0,2 

21,059 !-Terpinolene 0,6 55,582  -Cadinene 0,2 

21,228 trans-Sabinene hydrate 0,5 56,521 !-Cadinene 0,6 

22,292 !-Thujone 0,2 61,665 Copaborneol 0,9 

22,472 
2-Methylbutanoic acid  

2-methylbutyl ester 
0,2 64,655 "-Eudesmol 0,6 

TOTAL 87,6 

 

Data on studying of anti-malarial activity of essential oil (Table 2) was obtained for the first time. An-

timalarial activity of the sample was tested for its ability to inhibit chloroquine-susceptible (D6) and/or 
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chloroquine-resistant (W2) Plasmodium falciparum of protozoa. The sample was tested twice in the first 

strains of P. falciparum D6. Percent inhibition (% Inh.) was counted in relation to the negative and positive 

control. Samples that showed # 50 % inhibition sent to a secondary screening. 

In the secondary screening, samples were dissolved in 20 mg/ml and tested for 47600, 15867 and 

5289 ng/ml, and IC50s (test concentration in ng/ml, which gives 50 % inhibition of relatively simple nega-

tive and positive controls) and were performed in comparison with both D6 and W2 of strains. Samples were 

dissolved in 2 mg/ml and tested for 4760, 1587 and 529 ng/ml, and IC50s against both D6 and W2 strains. In 

addition to a strain of P. falciparum, the samples are tested in a mammalian cell line VERO, as an indicator 

of general overall cytotoxicity. Selectivity index (SI) — the ratio of VERO IC50 for D6 or W2 IC50 — was 

calculated. As a positive control were used antimalarial chloroquine and artemisinin. 

T a b l e  2  

Data on the antimalarial activity of essential oil (primary screening) 

The name of a plant — a source of essential oil P. falciparum D6 % Inh. 

A. micrantha 20 

 

Primary screening showed that A. micrantha essential oil doesn't possess anti-malarial activity. Data on 

studying antimicrobial and anti-fungal activity of essential oil was obtained. The antimicrobial activity of 

essential oil was tested samples by their ability to inhibit growth a strain from 5 bacteria and 5 fungi which 

are pathogenic for the humans (Table 3). 

T a b l e  3  

Strains from 5 bacteria and 5 fungi which are pathogenic for the humans 

Bacteria Fungus 

Staphylococcus aureus Candida albicans 

Methicillin-resistant Staphylococcus aureus (MRSA) Candida glabrata 

Escherichia coli Candida krusei 

Pseudomonas aeruginosa Aspergillus fumigatus 

Mycobacterium intracellulare Cryptococcus neoformans 

 

In the beginning tested in primary screening for 50 µg/ml twice and growth inhibition percent (% Ing.) 

was calculated in relation to negative and positive control. Essential oil showing #50 % of inhibition directed 

to secondary screening. 

In secondary screening samples dissolved in 20 mg/ml and checked at 50, 10 and 2 µg/ml and IC50s 

against all 10 strains of microorganisms. Samples dissolved in 2 mg/ml and carried out tests for 20, 4, 

0.8 µg/ml and IC50s against all 10 strains of microorganisms. 7 µg/ml on secondary screening directed pure 

connections which have IC50 $ on tertiary screening. 

The secondary screening samples were dissolved in 20 mg/ml and tested at 50, 10 and 2 %g/ml and 

IC50s against all 10 strains of microorganisms. Samples were dissolved in 2 mg/ml, and the test was con-

ducted by 20, 4, 0.8 ug/ml and IC50s against all 10 strains of microorganisms. The antifungal agent — am-

photericin B was used as a control, and as an antibacterial — ciprofloxacin. The results of primary screening 

showed low antimicrobial and antifungal activity of essential oil of A. micrantha (Table 4). 

T a b l e  4  

Data on antimicrobial and anti-fungal activity of essential oil of A. micrantha (primary screening) 

The name of a plant — 

a source of essential oil 

and a comparison prep-

aration/ strains 

C. albi-
cans  

% Inh. 

C. gla-
brata  

% Inh. 

C. kru-
sei  

% Inh. 

A. fumi-
gatus 

% Inh. 

C. neo-
formans 

% Inh. 

S. au-
reus 

% Inh. 

MRSA 

% Inh. 

E. coli  

% Inh. 

P. aeru-
ginosa 

% Inh. 

M.Intrac
ellulare 

% Inh. 

Amphotericin B  98 98 97 99 98 ND ND ND ND ND 

Ciprofloxacin ND ND ND ND ND 93 99 100 95 76 

A. micrantha 2 2 0 0 10 0 2 1 3 1 
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Determination of antiradical activity of essential oil. Studies antiradical activity of essential oil was per-

formed with respect 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). Absorbance analytes dependent on the 

concentration measured on a spectrophotometer Cary 60 UV-Vis at 520 nm wavelength. Antiradical activity 

of essential oil, we compared with gallic acid (GC) and butylhydroxyanisole (BHA). The values of antiradi-

cal activity (ARA) were calculated using the formula shown below: 

 &R& (%) = (A0 – At)/A0 × 100 %. 

Here A0 — optical density control; At — the optical density of the working sample [12]. 

DPPH molecule forms a free radical that is stable in the different environments and wide temperature 

range, due to the maximum freedom of the electron delocalization over the entire molecule and spatial 

shielding atoms bearing the greatest spin density as well as the lack of hydrogen atoms in the positions where 

the isomerization may occur or disproportionation. In addition, delocalization is causing intense violet color 

of this radical in the aqueous-alcoholic media, the interaction with the antioxidant, capable of donating a pro-

ton, there is a restoration of the radical, resulting in the violet color turns into yellow. 

The experimental data show that the essential oil of A. micrantha showed middle antiradical activity 

(Tables 5, 6). 

T a b l e 5  

Change of optical density from concentration 

No Sample 

Values of optical density  

depending on concentration (mg/ml) 

0,1 0,25 0,5 0,75 1,0 

1 '(& 0,1278 0,1240 0,1260 0,1250 0,1240 

2 A. micrantha Willd. 0,2686 0,3038 0,3194 0,3021 0,4537 

 

T a b l e  6  

Antiradical activity of essential oil in different concentrations (%) 

No Sample 
The concentrations of essential oil (mg/ml) 

0,1 0,25 0,5 0,75 1,0 

1 '(& 80,0 80,7 80,3 80,5 80,7 

2 A. micrantha Willd. 49,41 42,78 39,83 43,09 14,55 

 

Determination of the cytotoxic activity of essential oil was carried out for the first time. 

Separating funnel filled with 55 ml of artificial sea water and 200 mg of eggs Artemia salina. Allowed 

standing for 3 days at the air supply until soft crustaceans gave the egg. One side of the tube covered with 

aluminum foil and 5 minutes later, the larvae that are going on the bright side of the funnel, removed Pasteur 

pipette. 

20–40 larvae were placed in 990 %l of seawater into each of the 24 micro titer plates. Dead larvae were 

counted under a microscope. Added 10 %l of dimethylsulfoxide solution of 10 mg/ml sample. As a compari-

son, the drug actinomycin D or staurosporine. For a negative control 10 %l was added only DMSO. After 

24 h of incubation and further maintaining micro titer plates for 24 hours (to ensure immobility) counts the 

dead larvae under the microscope. 

Mortality P determined by the following formula: 

 P = (A – N – B)/Z × 100 %. 

Here A — amount of dead larvae after 24 h; N — amount of larvae died before the test; B — the average 

amount of larvae died in a negative control; Z — the total amount of larvae [13]. 

Results of the study the cytotoxic activity of essential oils are shown in Table 7. 

Based on this experiment it can be assumed that the essential oil of A. micrantha in all concentrations 

tested exhibit acute lethal toxicity — all larvae are died. 
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T a b l e  7  

The cytotoxic activity of essential oils of A. micrantha 

Parallel 

The amount  

of larvae in the 

control 

The amount of larvae  

in a sample 
The amount 

of surviving 

larvae in the 

control, % 

The amount  

of surviving 

larvae  

in sample, % 

Mortali-

ty, P, % 

The percentage 

of neurotoxici-

ty, % survi-

vors 
died 

survi-

vors 
died paralyzed

10 mg/ml 

1 22 0 0 23 0 

96 0 96 0 
2 25 1 0 26 0 

3 24 2 0 26 0 

Medium 24 1 0 25 0 

5 mg/ml 

1 22 0 0 29 0 

96 0 96 0 
2 25 1 0 23 0 

3 24 2 0 25 0 

Medium 24 1 0 26 0 

1 mg/ml 

1 22 0 0 25 0 

96 0 96 0 
2 25 1 0 22 0 

3 24 2 0 20 0 

Medium 24 1 0 22 0 

 

Also essential oil A. micrantha was tested for activity against aerobic microorganisms, mycobacterium, 

and yeast according to [14–18] for the first time. It is found that the essential oil of A. micrantha has no ac-

tivity against aerobic microorganisms, mycobacterium (anti-tuberculosis), yeast and mold. 

Conclusions 

Thus, during the researches the chemical composition of A. micrantha Willd. essential oil was deter-

mined. It is found that the composition of the essential oil is dominated by the following substances: 

1,8-cineole — 24.4 %, camphor — 12.4 %, camphene — 7.0 %, !-pinene — 5.7 %, sabinene — 5.5 %, 

o-cymol — 3.9 % and 4-terpineol — 2.8 %. Flowers essential oil of A. micrantha from Iran [6] were charac-

terized by higher amounts of binapacryle — 83.6 %, 1,8-cineol — 3.8 % and !-selinene — 4.5 %. 

It is experimentally proved that the essential oil of A. micrantha Willd. does not possess antimicrobial, 

anti-tuberculosis, antifungal, antimalarial activity. The experimental data show that the essential oil of 

A. micrantha showed middle antiradical activity. The essential oil of A. micrantha from Iran [6] had more 

antioxidant activity with (IC50 0.184±0.0475 µg/ml in dry weight in same method). It was determined that 

the essential oil A. micrantha Willd. had a high cytotoxic activity. 

Investigations of anti-tuberculosis, antifungal, antimalarial and cytotoxic activity were carried out for 

the first time. 
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34). ,)(* 5#,6,7#86(1 5.69.):06070 

*5C5-5D5 Achillea micrantha Willd. (9,>D.-EF,-DE-.> 6GCH0D5 6HIH) J E0DEFE KLB> 05/H1HM 

9:0N:1.166E9 CG>50H OP1. 4B:-:FBQ-HC 4.- .1DE-EFE 4:/H1<5 0P-E0.66.> 9.-6E>E-F.1. R.>66.=F. 

5-H1I51 J E0DE9 <B9ES56H T5S5C 651 U. N=4-B95 H1HM T5>5I51DH 5/05IH1D5 F,-D.= 9.S.ME1D. 

OB15-I51. V E0DE96EM KLB> 05/H  =-H DB 6B--QWBQ PDE E0.1 5-H1DH, <HIH0H 0,22 %-DH CG>5DH. 

@LB> 05/H1HM 9:0N:1.166E9 CG>50H Clarus-SQ 8 (PerkinElmer) 05  - N.96>:0.6>BQ-HC D.6.96:>-H 

F5SDHC X>:056:F>5L 5 N54H 9J0.FE0.1 51HC65-DH. @LB> 05/H1HM 0B9>:465>I5, S.MF., 4.SF.99. 

C5> H, WB6:=H66H-HC, >5DB95-D5>I5 OP1. 6=4.>9=-.SF. C5> H 4.- .1DE-E9 6,>-.>E S.>66.-DE. 

*B9>:4C5 OP1. S.MF. C5> H 4.- .1DE-E96.> 5D50 ,<E1 C5=EN6E  515-56H1 5 4596.>BQ (Staphylococcus 

aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) OP1. 

5 S.M (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans) 

<6500D5>H1 N5/D5-51= 5>CH-H 51HC65-DH. 8.SF.99. C5> H 4.- .1DE-E9 Plasmodium falciparum D6 

C5>5N5/H0D5>H1 45 = C54E-.6E 4:/H1<5 S.>66.-DE. YB6:6:9 B95-HC 4.- .1DE-E9 Artemia salina 

D.>1P E-D.>E1. C56H 6H  H15C 4:/H1<5 51HC65-DH. @LB> 05/H1HM >5DB95-I5 C5> H 4.- .1DE-EFE 2,2-

DBL.1B--1-NB9>B-FBD>5SB- S56H15 C56H 6H S.>66.-DE,  5-H 6H>= >.5F.16E >.6E1D. F5-- CH<CH-H 

OP1. 4=6B-FBD>:9 B51BS:- C:-D51H-DH. @LB> 05/H1HM 6=4.>9=-.SF. C5> H 4.- .1DE-EFE 4E>E1<E 

C565>D5IH 45>-HC 4.  N>.N5>56 ( 6>.N6:0BWB1, BS:1B5SBD, >BL50NBWB1, K6504=6:- OP1. 

NB>5SB150BD) 4:/H1<5  .SE065-  515-56H1 H37Rv 6=4.>9=-.S 0B9:4596.>BQ H15 C56H 6H S.>66.-DE. 

R.>66.= 1P6BO. E1D. !. micrantha Willd KLB> 05/H1HM O:I5>HD5 9.-6E>E-F.1 4.- .1DE-E9 6,>-.>E1 

9J> .6N./6E1DEFE 1.0. . 6J0.1 DP>.O.D. 9J> .6.6E1DEFE 51HC65-DH. @LB> 05/H Artemia salina 

D.>1P E-D.>E1. C56H 6H 45>-HC  H15-I51 9:1W.16>5WBQ 0P1D.>E1D. (1–10 0F/0-) O:I5>H =-H-HC 

9J> .6.DE. 
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;,%-,).)/)(' 9,9/&< !"#$),7, %&96& Achillea micrantha  
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'  656Z. N>B7.D.1H D511H. N: B  -.D:751B[ 9:0N:1.161:F:  : 6575 B 4B:-:FB\. 9:/ 596B71: 6B 

KLB>1:F: 05 -5 Achillea micrantha Willd. ( .0./ 67:  -:O1:W7.61HX). U5 6B6.-Z1:.  H>Z. D-Q B  -.-

D:751BQ 4H-:  :4>51: 7 ?5>5F51DB1 9:/ :4-5 6B 7 N.>B:D W7.6.1BQ. @LB>1:. 05 -: >5 6.1BQ 4H-: 

N:-=\.1:   N:0:]Z[ 0.6:D5 FBD>:DB 6B--QWBB, 7HX:D  : 657B- 0,22 %. ?:0N:1.161H/  : 657 KLB>-

1:F: 05 -5 BS=\.1   N:0:]Z[ F5S:7:F: X>:056:F>5L5   05  - N.96>:0.6>B\. 9B0 D.6.96:>:0 Clarus-

SQ 8 (PerkinElmer). 3S=\.1H 516B0B9>:415Q, N>:6B7:F>B49:75Q, N>:6B7:05-Q>B/15Q, WB6:6:9 B\.-

 95Q, 516B>5DB95-Z15Q B N>:6B7:6=4.>9=-.S15Q 596B71: 6B KLB>1:F: 05 -5. &16B0B9>:415Q B 516B-

F>B49:75Q 596B71: 6Z 4H-5 :N>.D.-.15   B N:-ZS:751B.0 <6500:7 N56:F.11HX D-Q \.-:7.95 5 4596.-

>B/ (Staphylococcus aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium 

intracellulare) B 5 F>B4:7 (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus 

neoformans). &16B05-Q>B/15Q 596B71: 6Z :4>5SW:7 4H-5 :N>.D.-.15 N: BX 596B71: 6B 9 B1FB4B>:75-

1B[ N>: 6./<BX Plasmodium falciparum D6. YB6:6:9 B\. 95Q 596B71: 6Z N>:7.D.15   B N:-ZS:751B.0 

6. 65 15 -B\B195X >5\9:7 Artemia salina. ^N>.D.-.1B. 516B>5DB95-Z1:/ 596B71: 6B KLB>1:F: 05 -5 

N>:7:DB-B N: :61:<.1B[ 9 2,2-DBL.1B--1-NB9>B-FBD>5SB-=, 7 95\. 67. >.5F.165 D-Q  >571.1BQ B -

N:-ZS:75-B F5--:7=[ 9B -:6= B 4=6B-FBD>:9 B51BS:-. _=4.>9=-.S15Q 596B71: 6Z KLB>1:F: 05 -5 4H-

-5 :N>.D.-.15 15 0B9:4596.>BB 6=4.>9=-.S5 H37Rv, 9:6:>H/ \=7 67B6.-.1 D-Q 7 .X NQ6B 6=4.>9=-.S-

1HX N>.N5>56:7 N.>7:F: >QD5 ( 6>.N6:0BWB1, BS:1B5SBD, >BL50NBWB1, K6504=6:- B NB>5SB150BD). 

' >.S=-Z656. B  -.D:751BQ = 651:7-.1:, \6: KLB>1:. 05 -: !. micrantha Willd. 1. :4-5D5.6 B-B :4-5-

D5.6 1BS9:/  6.N.1Z[ N>B7.D.11HX 7H<. 7BD:7 596B71: 6B, N>:Q7-Q.6 -.65-Z1=[ 6:9 B\1: 6Z 7 :6-

1:<.1BB -B\B1:9 Artemia salina 7: 7 .X B NH6511HX 9:1W.16>5WBQX (1–10 0F/0-). 
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Low-temperature pyrolysis of polyethylene 

This article describes the commodity polyethylene pyrolysis at temperatures 300–370 ºC. It was shown that 

the yield of gaseous products in these conditions increases with increasing temperature and by prolonging the 

process. Dependencies are described by using stochastic determinated design of experiments. The formal ac-

tivation energy of the pyrolysis process (7.7 kJ/mol) with producing gaseous components was also deter-

mined. 

Key words: stochastic determinated design of experiment, polyethylene pyrolysis, one-way ANOVA. 

 

The problem of disposal of domestic and industrial waste plastics today is one of the most important 

components of the fight against pollution. Widespread using of plastic packaging, utensils and other items 

with small term of operation leads to the fact that a large number of polymer materials is in the dumps. For 

example, municipal solid waste (MSW) comprises about 3 % of plastic. When the total amount of solid 

waste in the CIS countries, about 100 million tons per year emitted 3 million tons of plastic products. In most 

cases, the plastic waste in the CIS countries are not separately disposed of and sent to landfills, or incinerated 

with the rest of the garbage. In the US and the EU content of plastics in MSW reaches 11 %, and thanks to a 

system of separate waste collection is possible for specialized processing of polymers. 

For such a popular material like polyethylene terephthalate, there are the developed numerous methods 

of disposal, including not only getting recycled PET, and chemical recycling, leading to the starting materials 

for its synthesis. Other polymers such us polyacrylates, styrene copolymers, polyolefins, etc. recycled are 

usually pretty crude methods such as incineration. Slightly less often these wastes are used as secondary raw 

materials for the production of plastics or subjected to pyrolysis. The most common product in the world of 

pyrolysis of waste polymers — is a low-grade fuel oil. Waste polyethylene is sometimes used for paraffin 

production. 

Polyolefins as polyethylene and polypropylene comprise the majority of non-utilized waste polymers. 

With the general trend towards restricting the use of the packaging of these materials in the developed coun-

tries, the problem of pollution of the environment is very acute. It should be collected and disposed waste 

polyolefins which are already in the environment. 

The universal method for the disposal of waste polyolefins might be pyrolysis with obtaining the start-

ing materials — ethylene and propylene. 

Currently polyethylene pyrolysis relatively well studied. Different investigators considered pyrolysis of 

low and high density polyethylene [1, 2], mixtures of these polymers [2], mixtures of polyethylene with other 

materials [3], in the presence of various catalysts, in various atmospheres. The work has a number of com-

mon features. In particular the authors suggest that at temperatures below 300 ºC pyrolysis does not occur, 

and its speed becomes noticeable only above 360 ºC. In this regard, they learn at a pyrolysis temperature of 

at least 400 ºC. During process in open reactors rising the temperature impacts negatively generally on the 

proportion of the gaseous products of pyrolysis. First of all this related to the fact that at high temperatures 

many pyrolysis products are boiled. Supreme alkenes and alkanes output from the reaction zone. Thus the 

possibility of further destruction of paraffins to form a low molecular weight products is excluded. 

It seemed to us interesting to study pyrolysis of commercial polyethylene (packaging film) at relatively 

low temperatures in the absence of catalysts. Confirmation of the possible formation of gaseous pyrolysis 

products in these conditions gives hope to increase their output in further experiments using catalysts. 

For the experiments was constructed a simple device consisting of a vertical tube furnace, regulated AC 

source voltage (LATR) and the thermostat through an electronic thermostat C-400. As disposable reactors 

during pyrolysis applied thin-walled glass tubes with a diameter of 1 cm, which is placed on the bottom 

weighed polyethylene. In the middle of tube (6 cm from the bottom) was placed a glass wool tampon height 

of 1.5–2 cm, necessary to prevent carryover of heavy hydrocarbons in the form of mist. The opening of tube 

was closed with a rubber stopper with a gas outlet pipe of diameter 0.5 cm and a length of 20 cm, serving as 

reflux. The tube was immersed in a preheated planned temperature tube furnace at the lower edge of the 
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glass wool to ensure the identity of the pyrolysis conditions. At the end of the scheduled time we determined 

the mass loss of polyethylene by weighing and calculated the conversion of it into gaseous products !. 

In the research has been used stochastic determinated design of experiments [4]. Since at this stage 

there are only two factors: the temperature and the processing time, and later there will be three (the mass 

fraction of the catalyst will be added), was chosen four-factor design matrix of experiment with three levels 

of varying factors. In the absence of a catalyst the positions of third and fourth factors have been left vacant. 

Experimental design and results are presented in Table 1. 

T a b l e  1   

The plan and the results of the experiment by low-temperature pyrolysis of polyethylene 

No. ", ? ", min Vac. 1 Vac. 2 ! k, min
-1 

1 573 180 1 1 0.04546 0.0002585 

2 573 120 2 2 0.030505 0.0002582 

3 573 60 3 3 0.01505 0.0002527 

4 603 180 2 3 0.04955 0.0002823 

5 603 120 3 1 0.0306 0.000259 

6 603 60 1 2 0.01662 0.0002793 

7 643 180 3 2 0.05403 0.0003086 

8 643 120 1 3 0.03625 0.00030765 

9 643 60 2 1 0.01423 0.0002897 
 

Even without analyzing of experimental results it is evident that conversion degree actually not exceed 

5.5 % which agrees with literature data about the low speed of the process in this temperature range. Pro-

cessing of the data by methods adopted within the framework of stochastic determinated design of experi-

ments has allowed to receive partial depending shown in the Figures 1–4.  
 

Figure 1. The dependence of conversion degree  

by the temperature 

Figure 2. The dependence of conversion degree  

by the time 

Figure 3. The dependence of conversion degree  

by the vacant factor 1 

Figure 4. The dependence of conversion degree  

by the vacant factor 2 
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The derived formulas and the results of the statistical evaluation are shown in Table 2. Figure 1 shows 

the partial dependence of output the gaseous products depending the process temperature. This dependence is 

weak, despite the importance of coefficient of the non-linear multiple correlation (CNMC) exceeding 2 

(tR=`). One-way ANOVA dispersion analysis depending on output by temperature shows no significance 

(F=0.01683<<Fcrit.=5.1432). Given the sufficient of determinacy depending the degree of conversion of the 

temperature [5] should recognize the need to use obtained partial dependence of depending on the formula in 

the final. 

T a b l e  2  

Partial dependences 

Factor Formula R tR F (Fcrit=5.1432) 

Temp. 10.002597* 2.779

12.905 9* *XE e X# ! "  1 # 0.01683 

Time 2
0.001933 2.867 4*E X! "  $   1   308.5055 

Vac. 1 3
0.03207 2.000 4*E X! " $   0.6902 1.3181 0.3694 

Vac. 2 4
0.02897 0.00175* X! " $  0.6762 0.7286 0.1379 

 

The dependence of the degree of pyrolysis by time is expressed very clearly. Its importance is beyond 

doubt as the value of CNMC (R=1, tR= ), and by the Fisher test (F=308.5055>>Fcrit.=5.1432). Approximat-

ing line for the vacant factors (Fig. 3, 4) are close to the line of average values, indicating a satisfactory qual-

ity of experiments and calculations. The significance of the second vacant factor for CNMC caused by math-

ematical reasons, refuted Fisher test value that is consistent with the deterministic component in the frame-

work of SDDE. 

Thus, the resulting equation pyrolysis of polyethylene at temperatures 300–370ºC can be represented as: 

 10.002597* 2.77

1 2

9 0.0019332.905 9* 2.867 - 4* 0.032* 48
XE X Xe E ! " $    , (1) 

 R = 0.9886, tR = 106.8179. 

Calculation by formula (1) shows that the degree of polyethylene conversion into gaseous pyrolysis 

products increases with increasing temperature and increasing duration of the process. Temperature affects at 

this less than the time. By using the degree of conversion of the temperature may be obtained rate constants 

of the formation of the pyrolysis gases: 

 1 ke %! "  ; (2) 

 (1 ) /k Ln"   ! % . (3) 

The values of the rate constants calculated for each experiment by the formula (3) are shown in Table 1. 

Averaging the values of the constants for each temperature gives values (min
-1

), by which the conventional 

method can be calculated seemingly activation energy of process. To this end, coordinates ln(k) – 1/T find 

the equation of a line approximating the experimental points by method of least squares (Fig. 5). Tangent of 

the slope the line is aE

R
 . 

 

 

Figure 5. The straight line to calculate the activation energy 

y = 862,9x – 6,7663

R² = 0,9949
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The activation energy calculated by this method is only 7.7 kJ/mol. The calculation of the formula 

 

2 1

1 2 2 1

ln(1 ) 1 1
ln /

ln(1 )
aE R

T T

& ' ( )%  !
" *  + ,- .

%  !/ 0 1 2   
leads to this same value. 

Literature survey reveals that the activation energy of pyrolysis polyethylene depends on the tempera-

ture and the type of polymer. However, it is within 190–320 kJ/mol [6]. The approximate calculation of the 

activation energy based the rules of the van't Hoff formula giving in this case the values of 273–344 kJ/mol, 

which generally consistent with the literature data. We can conclude that the processes leading to the for-

mation of gaseous products of pyrolysis, are subordinate and occur after the start of degradation of macro-

molecules resulting from the exothermic process stabilization of radicals and other intermediates. 

Summing up we can say that our chosen method of studying the pyrolysis of polyethylene allows to es-

timate the kinetic parameters of the degradation of polyethylene at temperatures 300–400 ºC and can be used 

for further study of the catalytic cracking of the polymer. 
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>+?+)+*+ 300–370 º2 =%#@%/+=./+ +/+)ABA,*+BA =+.+/)A @0)$C=$)%,,DE @$/0)$FD G+HA,*+ G+FA)-

B+,. IJA,A)B+, /%+4K$L)A? G+B*+H*+ -+F =M/D,*%-D N,D#*%/ "ABA#A,AE +/=.A, =%#@%/+=./+,AE 

GO,% M*%/DJ=DE G+)B+J.A,AE NJ.D,% =D4%)%H =O.%)*D)D-D 4N/J%=D)-%,. PO.%)*D)D4=%/ =OGD/$6%)%/*D 

A?=$#+)*A)A?-*%=%/#$,$/)%,-%, G06+)+. +/?A)A =+)*+,*A. Q+F*A N,D#*%/*DE =MFD).D#%, GM/%=D,, 

7,7 4:G/#0)R-B+ =%E, @$/0)$F M*%/DJD,DE 6%)J%,*D)D4 C,%/-$LJA +,A?=+)*A. 

 

!.!.!"#$%&, '.(.')*+,-./0&+, 1.2.3+)$40&+, 2.5.')*+6%/-%,0&+,  

7.8.90#$,, '.7.:$4, ;.'.<+=40& 

2#13!%&+,&-.%/-'04 ,#-!"#1 ,!"#$%#"&'. 

7 J=+=R% 0@$J+, @$/0)$F =0&+/,0-0 @0)$C=$)%,+ @/$ =%#@%/+=./+S 300–370 º2. ;04+F+,0, T=0 &AS0* 

-+F006/+F,AS @/0*.4=0& & C=$S .J)0&$LS /+J=%= J /0J=0# =%#@%/+=./A $ @/$ .&%)$T%,$$ @/0*0)G$-

=%)R,0J=$ @/0K%JJ+. 1+&$J$#0J=$ 0@$J+,A J @0#0URV &%/0L=,0J=,0-*%=%/#$,$/0&+,,0-0 @)+,$/0&+-

,$L C4J@%/$#%,=+. 8+H*%,+ W0/#+)R,+L C,%/-$L +4=$&+K$$ @/0K%JJ+ @$/0)$F+ J 06/+F0&+,$%# -+F006-

/+F,AS @/0*.4=0&, J0J=+&)LVU+L 7,7 4:G/#0)R. 
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>+?+)+ -%))+, 6$0@0)$#%/D, #+=/$K+ /%=D,*% @+H*+)+,A@, S$=0F+, GO,% *%4J=/+,J.)RW+==+, =[/+=A, 

@0)$C)%4=/0)$==D #.)R=$?+6+==+/#%, =.6%/4.)%F-% ?+/JA @/%@+/+==+/*A 4+@J.)*%. #M#4D,*D-D, 

F%/==%.-% +/,+)B+,. ')A,B+, 4+@J.)+)+/ /+J=/)D C)%4=/0,*A? #$4/0J40@$L O*DJD#%, F%/==%)-%,. 

P.6%/4.)%F-% ?+/JA @/%@+/+==+/*A 4+@J.)+B+ %,-DF. =$D#*D)D-D +,A?=+)B+,. 

70'1 (892"/: =.6%/4.)%F-% ?+/JA @/%@+/+==+/, -%))+,, @0)$C)%4=/0)$==D #.)R=$?+6+==+/, S$=0F+,, 

*%4J=/+,J.)RW+=. 

 

70/0(:" 

>%*$K$,+,AE J0EBA G%=DJ=D4=%/D,% ?+/+#+J=+,, =.6%/4.)%F O)D *% B+)+#*A? NF%4=D #OJ%)% 60)A@ 

=[/, J%6%6D O)%# 60HA,"+ GA) J+HA, #$))$0,*+B+, +*+# 0JA +./.#%, +.A/.*+. 20,A#%, ?0J+ 

=.6%/4.)%F*DE /%F$J=%,==D, LB,$ *O/D-% =NFD#*D, W0/#+)+/A, %#*%. =$D#*D)D-D, O)D *% =N#%,. :O/D-% 

=NFD#*D =.6%/4.)%F 4N@"D)D4 *O/D)D4-=NFD#*D GO,% #0) *O/D)D4-=NFD#*D (5:P-P< GO,% >:P-P<) 60)A@ 

6N)D,%*D. X)%#*% 5:P-P< %#*%. =$D#*D)D-D 48 % ?[/+H*A, %#*%. 6+/AJA,*+ N)D# @+HAFA — 15 %, 

O*%==% *O/D)%/-% G+,+#+ /%+4K$L)+/#%, 6+H)+,AJ=A 60)+=A, %#*%.*%, 6+J=+/=. — 28 %. >[,*+H 

+./.)+/ ?AJ?+ .+?A= D"D,*% NF*%/D#%, ?+=A,+J=+ 60)B+, 25 +*+#B+ 5:P-P< G[?=A/+ +)+*A. >:P-P< 

%#*%. =$D#*D)D-D 33 % ?[/+H*A, N)D# — 26 % [1]. 

:O/D-% =NFD#*D =.6%/4.)%F (:P-P<) =M@=%@ 4%)-%,*% %#*%)%*D, 6D/+? @+K$%,= 6 +,=$6$0=$4=%, 

=[/+=A, %#*%. 4./JA, N=.D =$DJ, 2–3 GA) 60HA =O.)D-D,% 20 *O/D ?+6A)*+.A 4%/%4. ]#*%).-% G+,+#+ 

OJ%/)%/ ?+6+==+J+*A, 0,AE D"D,*% GM/%4 +H,., +BA)-=%-D) ?[J., *O/D)D4 -%@+=$=, +-/%JJ$&=D #D,%F-

?[)A?, 6+J +H,+)., *$+/%L, %J=D#%H ?+)., 4MHF%)DJ, -+))VK$,+K$L, )%=+/-$L. 5%H6D/ %#*%)."D-% 

G+,+#+ OJ%/)%/*%, +/A). M"D, ?0JA#"+ *O/D)%/ 6%/. 4%/%4. ^B,$ %#*%. @/0K%JD %#*%)."D,DE 

=[/#AJ J+@+JA, =N#%,*%=%*D: =D@=D NFD,% ?0) J+). G+B*+H)+/A 0/A, +)B+,. 20,*A?=+, :P-P< 6+/ 

%#*%.D, G%=D)*D/.*DE 4%F 4%)-%, O/%4%=D NF%4=D GO,% O)%.#%= M"D, #+EAF*A. 

YJA,*+H #D,*%==%/*DE ?+=+/A,+ #N)"%/)%.*D 0E=+H)+,*A/., @/%@+/+==+/*AE O/%4%=D, [F+/=., 

6$0G%=D#*D)D-D, +/==A/., J0,A#%, ?+=+/ O/ =M/)D =.6%/4.)%F-% ?+/JA @/%@+/+==+/*A (P_;) ?+.D@JDF 

MH)%J=D/% ?0)*+,. G0)*+/A, DF*%J=D/. G+=+*A, 6[)+/ :P-P< %#*%. [F+?=ABA, +F+H=A@, +./.*AE 

=[/#AJ J+@+JA, +/==A/+*A. 

;0)$#%/)D #.)R=$?+6+==+/*A 6$0#%*$K$,+)A? #+?J+==+ ?0)*+,. #M#4D,*D4=%/D [2, 3] "0).*+ 

?+/+J=A/A)B+,. <D/+? 0,*+*+ @0)$C)%4=/0)$==D 40#@)%4J=%/*D @+H*+)+,. G+H)A #O)D#%==%/ +F. LbL 

(Layer by Layer deposition) =%S,$4+JA#%, +)A,B+, #.)R=$?+6+==A @0)$C)%4=/0)$==D 4+@J.)+)+/ 

/%40#6$,+==+)B+, $,J.)$,*D @%/0/+)R*A G%=4DF. M"D, ?0)*+,A)B+, [4], +,$0,*A? GO,% 4+=$0,*A? 

@0)$J+S+/$*=+/ ?+6+==+/A,+, =MFD)-%, #$4/06N)"%4=%/ ?[/+#A,+ $,J.)$,*%/ %,-DFD)-%,, J0,A#%, 

?0J+ $,J.)$,,DE 6$0G%=D#*D)D-D, +/==A/. M"D, @/0=%+F+)+/ $,-$6$=0/)+/A ?0J+ %,-DFD)-%,. 
]/%4"% +H=+ 4%=%=D, G+H=, 0JA G0)#%, +)A,B+, #$4/04+@J.)+)+/ ?A"?A)*A? 0/=+*+ 

(+J?+F+,*+) O6*%, =[/+?=A 60)B+,, +) /8 6%H=+/+@ "+#+)+/A,*+ (D"%4 0/=+JA) $,J.)$,*D 6N)D@, 

GA)*+# A*A/+@ 4%=4%,. LbL =%S,$4+JA,AE =+BA 6D/ #+EAF*A %/%4"%)D-D — 0) #$4/04+@J.)+)+/B+ 

6+J?+ O/%4%= %=."D 6+J=+#+, #AJ+)A, @/0=%+F+ $,-$6$=0/A, ?0JA#"+ ?0J.A,+ #M#4D,*D4 6%/%*D. <[) 

G+B*+H*+ 6%H=+/+@ 0/=+*+ %/D=D,*D-% 6N)D,D@ "AB+=A, #$4/04+@J.)*%,-%, $,J.)$, @/0=%+F+)+/ 

OJ%/D,%, ?0/B+)+*A, +) 6[) G+B*+H 0,AE 6$0G%=D#*D)D-D, +/==A/+*A. ')+H*+ 6[) F%/==%.)%/ 

W.,*+#%,=+)*A J$@+==+ GO,% 0JA .+?A=?+ *%HD, %#*%. =OGD/$6%JD,*% ?0)*+,AJ =+@@+B+,. 

X*%6$%==% P_; 4N@ ?+6+==A 4+@J.)+)+/B+ %,-DF.*DE 4%H6D/ ,O=$G%)%/D 4%)=D/D)-%,. >AJ+)A, 

/$W+#@$K$,*D /8=2 "+#+JA,*+ @0)$&$,$)S)0/$*0,,+, (;7;:) GO,% @0)$#%=$)+4/$) 

?A"?A)A,+, =[/+=A, 8 ?+6+==A, N)"%#D 6D/,%"% #$4/0, 60)+=A, 4+@J.)+)+/B+ %,-DF-%,. /8=7,4 

4%FD,*% *O/D 90 %-B+ 60J+@ "A??+,; in vitro GO,% in vivo F%/==%. ,O=$G%)%/D $,4+@J.)*%,-%, GO,% 60J 
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@/%@+/+==+/ 6D/*%H %#*D4 O/%

@0)$C)%4=/0)$==D 40#@)%4J =MF. 

4%/%4. 

`.!.>[J=+W$, ?AF#%=4%/)%

(+,$0,*A GO,% 4+=$0,*A =+6$B+=

G%=4DF. GMH%JD, +). =%S,0)0-$LJA

<%/D)-%, G[#AJ=AE #+?J+=A

JA,*+ -%))+, #%, S$=0F+, GO,% *

4+@J.)+)+/B+ @$/+F$,+#$*, $F0,

F%/==%. 60)A@ =+6A)+*A. 

Z0B+/A*+ +=+)B+, G[#AJ=+ 

@/%@+/+==+/A#AF =N#%,-D #0)%4

@0)$#%/)D #+=/$K+ ?+G%=. YJA,

_A=+H*+ N,*D/D)-%, =N#%, +K%=$)

Q%))+, — Sphingomonaselod
1:2:1 #0)L/)A ?+=A,+J=+BA a

6D/)D4=%/*%, =[/+*A. 2D)=D#%, NE*

 

1-J./

;0)$C)%4=/0)$= /%=D,*% 0E F

*%4J=/+,J.)RW+= =+E*+)A,*A. Z

(«<$0@/0-/%JJ» Z'_, >OJ4%.) GO

 
 

 
 

1 – "@/

2 – -%))

*O/D-*O

3 – 1 %

J.)A %/

4 – #+-

+/+)+J=

2-J./%=. P.6%/4.)%F-% ?+/JA @/

-%))+, 4+@J.)+)+/A, +

Q%))+,*A 4+@J.)+)+/ 4%ED,

1 % (3 %) -%))+, %/D=D,*DJD 0,01 

%/D=D,*DJD#%, 6D/-% 90°2 *%HD

#%*$K$,+)A? "@/$K @+H*+)+,A@

*$+#%=/D 3–3,5 ## #N)"%/D 60H

4+@J.)+)+/ 4+)RK$H S)0/$*D %/D=D

425!",26!7/!

%4%= %=%=D,D 4N/J%=D)-%, [5]. ')+H*+ 6[)

+/?A)A %#%J, J.=%4=D4 6+H)+,AJ +/?A)A O/

%/D#%, 6D/-% [6] #0,0?+6+==A $,=%/@0)$C)

=A 6+/ C.*/+-$==%/) ,%-DFD,*% *O/D)D4 F+==+/*

A, OFD/)%-%,. 

A =.6%/4.)%F-% ?+/JA @/%@+/+==+/*AE, ,+?=

*%4J=/+,J.)RW+==+, =[/+=A, @0)$C)%4=/0)$==

,$+F$* ,%#%J% #04J$W)04J+K$, @/%@+/+==+/A

 -;0/5<"'0. <8'0# 

[4] $,J.)$,,DE NFD G0B+/A #0)%4.)+)A +?.AF

4.)+)A? ?0JA)AJ=+/, J0,*A?=+, 6DF-% 4+@

,*+H #+=/$K+ /%=D,*% 6$0@0)$#%/ -%))+, =+E

*%,-%, -%))+, +)A,*A. 

dea 6+4=%/$L)+/A,+, =.A,*+H=A, JAFA?=A +

a-L-/+#,0F+, b-D--)V40F+, b-D--)V4./0,+=

*%H 0=A/A@, =N#%, +K%=$)*%,-%, -%))+, +)+*A

/%=. PN#%, +K%=$)*%,-%, -%))+, W0/#.)+JA 

F+/L*=A @0)$C)%4=/0)$= S$=0F+, GO,% =%/DJ F+

Z[#AJ=+ J.*+ %/$=D, S$=0F+,, #0)%4.)+)A

O,% ,+=/$H *%4J=/+,J.)RW+=A, 500 4:+ (Sigma

/$K;  

)+, GO,%  

O/#%4 %/D=D,*DJD;  

% 4+)RK$H S)0/$*D  

/D=D,*DJD;  

-,$==D  

=A/BA" 

%@+/+==+/ %,-DFD)-%,  

+). JS%#+JA 

3-J./%=. ;0)$C)%4=/0)$

?+@=+)B+, @$/+F$,+#$

,%, ?0)*+,A)A@ GM/-%, $0,0=/0@=A -%)R =

-/#) @$/+F$,+#$* (,%#%J% 0,02 -/#) $F0,$

D, ?AF*A/A)*A. ')A,B+, %/D=D,*D, 2-J./

@, 1 % 4+)RK$H S)0/$*D %/D=D,*DJD,% =+#"A)+

HA,"+ =+/+)+=A, #N)*D/ 4+@J.)+)+/ +)A,

D,*DJD,*% 10 #$, 60HA [J=+)A@, 0*+, 4%HD, %)

! 8.")9 :"!:.".**."09 … 

21 

) G+B*+H*+ ?+6+==+/ 

/%4%==%J%=D,D, +=+@ N=. 

)%4=/0)$==D 40#@)%4J 

*A D"%44% @%/0/+)R*A 

=A +H=?+,*+, W0/#.)+-

=D #.)R=$?+6+==+/A 6+/ 

A, %,-DF. #M#4D,*D-D, 

, +) 6DF*DE @+H*+)+,B+, 

@J.)+ *+HA,*+. M"D, 

E*+)*A. 20,AE D"D,*% 

+,$0,*A @0)$J+S+/$*. 

= J$L?=A #0,0#%/)D 

A (low-acyl) (1-J./.). 

 

+/L*=A @0)$C)%4=/0)$= 

? #+JJ+JA c 8000 :+ 

a-Aldrich) @+H*+)+,*A. 

$==D #.)R=$?+6+==+/#%, 

$*--%))+, 4+@J.)+)+/A 

=MF. O*DJD#%, +)A,*A. 

$+F$*/#04J$W)04J+K$,) 

/%==% 4N/J%=D)-%,*%H, 

+=A@ %,-DFD)*D. Y/=+"+ 

,*A (3-J./.). ')A,B+, 

)%.D" +/?A)A N=4DFD)D@, 



;.%.<=).5.!3., <.<. 6$&13. *.5. 

22 (!)*+#, -."./.+0#+),1/1 2+#3!")#*!*. 

20 #) J.#%, "+HA)*A. 5+@J.)+)+/ +F*+@ +.+*+ 4%@=D/D)D@, +) %/D=D,*DJD *O/D-*O/#%4=D -%))+,B+ %,-DF. 

=$D#*D)D-D, +,A?=+. M"D, @+H*+)+,*A. 

]/D=D,*D*%-D @$/+F$,+#$* #N)"%/D Specord 210 (Q%/#+,$L) +J@+6A,*+, _+F+?J=+,*A? 

W+/#+40@%L*+ [7] 4N/J%=D)-%,*%H, 268 ,# =0)?A, [FA,*ABA,*+ J@%4=/0W0=0#%=/$L O*DJD#%, 

+,A?=+)*A. !F0,$+F$* #N)"%/D 6/0#+=0#%=/$L O*DJD#%, +,A?=+)*A. >04J$W)04J+K$, #N)"%/D, 

+,A?=+. 295 ,# =0)?A, [FA,*ABA,*+ J@%4=/0W0=0#%=/$L O*DJD#%, GM/-DFD)*D [7]. 

Q%))+, 4+@J.)+)+/A, @0)$C)%4=/0)$==D #.)R=$?+6+==+/#%, ?+@=+. M"D, LbL =%S,$4+JA 

@+H*+)+,*A. Y) M"D, +)A,B+, -%))+,*A 4+@J.)+)+/ 4%F%4@%, +)*A#%, *%4J=/+,J.)RW+= %/D=D,*DJD,% 

(,+=/$H S)0/$*D,DE 0,5 % %/D=D,*DJD,*% *+HA,*+)B+,) J+)A,*A, %4D /%= J.#%, "+HA)*A, 0*+, 4%HD, 

0,5 % S$=0F+, %/D=D,*DJD,% (JD/4% ?A"?A)A,AE 3 % J.)A %/D=D,*DJD,*% *+HA,*+)B+,) J+)A,A@, =+BA 

*+ J.#%, "+HA)*A. YJA @/0K%*./+ 20 /%= ?+H=+)+,*A. YJA)+H"+ 0E GO,% =%/DJ F+/L*=+)B+, 

@0)$C)%4=/0)$==%/*DE 20 ?+6+=A @+H*+ 60)*A. 

=-15;"'"/20 1&'2&4 

;$/+F$,+#$*, $F0,$+F$*, #04J$W)04J+K$,*A 4+@J.)+B+ %,-DF. =$D#*D)D-D, +,A?=+. ,O=$G%)%/D 

=N#%,-D 4%J=%*% 4N/J%=D)-%,. 

5 % J = %  

?&"".' '&7(1(':&7( 3.,9/".".-@. ,-&,.-.%%.-:0 &'7(1/ %#(+:("(7( (%) 

5+@J.)+ #+=/$K+JA POGD/$6% ,0#%/D 
;/%@+/+= 

;$/+F$,+#$* !F0,$+F$* >04J$W)04J+K$, 

1 % -%))+, 

1 22 26 32 

2 23 27 31 

3 23 26 30 

3 % -%))+, 

1 24 22 50 

2 26 21 50 

3 25 23 49 

3 % -%))+, GO,% S$=0F+, 

1 27 32 52 

2 28 33 53 

3 27 30 53 

 

Z0B+/A*+ 4N/J%=D)-%, #O)D#%==%/ 60HA,"+, @/%@+/+==+/*A %,-DF. =$D#*D)D-D -%))+, 40,K%,=/+-

K$LJA +/=?+, J+HA, +/=+*A. 20,A#%, ?0J+ c2 % 40,K%,=/+K$L*+BA -%))+,,+, 4+@J.)+)+/*A 

*+HA,*+B+, 4%F*% -$*/0-%)R @+H*+ 60)+*A, 0)+/ ?[/B+=?+,,+, 4%HD, W0/#+JA, J+?=+@ ?+)+*A 

(*$+#%=/D 3–3,5 ## -$*/0-%)R 4+@J.)+)+/A,+, ?[/B+=?+,,+, 4%HD, *$+#%=/D 1 ## -/+,.)+)+/ @+H*+ 

60)+*A) GO,% ?+H=+*+, J.B+ J+)B+, 4%F*% 6[,*+H -/+,.)+)+/ NFD,DE +)B+"?A W0/#+JA,+ GO,% 

#N)"%/D,% ?+H=A@ 4%)%*D. Q%))+, S$=0F+,#%, 40#@)%4J =MFJ%, %,-DF. =$D#*D)D-D 0*+, *+ 4N@ +/=+=A,A 

+,A?=+)*A (4%J=%,D ?+/+). 

 

      

4-J./%=. ;0)$C)%4=/0)$==D #.)R=$?+6+==+/A 6+/ -%))+,-$F0,$+F$* 4+@J.)+)+/A (4%JD,*D*%) 
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4-J./%==% =N#%, &+4..#*A /+J=/)A C)%4=/0,*A #$4/0J40@$L O*DJD#%, «JEOL» W$/#+JA,AE 

(Z+@0,$L) «JSM-6390 LV» +J@+6A,*+ +)A,B+, #$4/0W0=0-/+W$L)+/ 4N/J%=D)-%,. YE G+? J./%==% 

4%JD,*D*% -%))+, #%, @0)$C)%4=/0)$==D ?+6+=+/ +JA,*+BA "%4+/+ G+?JA 4N/D,%*D. 

>?/)1)*2) 

20,A#%,, =OGD/$6% GMFD,*% @0)$#%/)D #+=/$K+ /%=D,*% -%))+,*A @+H*+)+,A@, =.6%/4.)%F-% 

?+/JA 3 @/%@+/+= — @$/+F$,+#$*, $F0,$+F$* GO,% #04J$W)04J+K$,*D $0,0=/0@=A -%)R =MF. O*DJD#%, 

4+@J.)*%. GM/-DFD)*D. 5+@J.)+)+/B+ @/%@+/+==+/*A %,-DF. =$D#*D)D-D +,A?=+)*A. 5+@J.)+)+/*A 

@0)$C)%4=/0)$==%/*DE #.)R=$?+6+==+/A#%, ?+@=+. #M#4D, %4%,*D-D +,A?=+)*A. ')A,B+, 4+@J.)+)+/ 

*O/D)%/*D G%=4DF. GMH%JD /%=D,*% ?0)*+,. M"D, F%/==%)%=D, 60)+*A. 

 

@A#)( >B C;DE D)')# .?#51"10*0+ %&/;)')% %?'2&4)#"* ;F/G090'G"*, G/&*1 H 0794/IJ4. 
 

 

X*%6$%==%/ =DFD#D 
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804 J. 

 

 

<.3.>.J+6+%&+, >.>.2)L#0&+, \.5.Y/+FG+,0&+, 1.Z.'/$@G+,0&+, 5.<.>./F+-.)0&+ 

A1/B&'#& C!1+!;'!9%# 3.,9/"#-!C.'#D ,-!%#C!%/6&-3/"&1'0E ,-&,.-.%!C  

9 ,!+!F=G 7&"".'. # ,!"#$"&3%-!"#%'0E +/"=%#9"!&C 

2=+=RL @0J&LU%,+ $JJ)%*0&+,$V &0F#0G,0J=%H 4+@J.)$/0&+,$L @/0=$&0=.6%/4.)%F,AS @/%@+/+=0& 

@0)$C)%4=/0)$=,A#$ #.)R=$J)0L#$ $F S$=0F+,+ $ *%4J=/+,J.)RW+=+ J $J@0)RF0&+,$%# & 4+T%J=&% 

#+=/$KA 6$0@0)$#%/+ -%))+,+. ;0).T%,,A% 4+@J.)A $F.T%,A #%=0*0# /+J=/0&0H C)%4=/0,,0H #$4-

/0J40@$$. Y@/%*%)%,+ CWW%4=$&,0J=R &4)VT%,$L @/0=$&0=.6%/4.)%F,AS @/%@+/+=0& & 4+@J.)A. 

 

B.Kh.Mussabayeva, M.M.Slyamova, L.K.Orazzhanova, Z.Zh.Aripzhanova,K.B.Murzagulova
 

Study of possibilities of encapsulation of the antituberculous drugs  

by using of gellan and polyelectrolytic multilayers 

The article is devoted to research of opportunities of encapsulation of antituberculous drugs 

bypolyelectrolytic multi-layers from hitosan and dextransulfate with use as a gellan biopolymer matrix. The 

prepared capsules are studied by method of a raster submicroscopy. Efficiency of inclusion of antituberculous 

drugs in capsules is defined. 

 

 



;.%.<=).5.!3., <.<. 6$&13. *.5. 

24 (!)*+#, -."./.+0#+),1/1 2+#3!")#*!*. 
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#.$."%&%'()%* 

 !"#$%&'(%& )#*%+)#,-).& /)%!0"'%101 %2. 3.4.5/2%,0!#, 6'1#)#; 

7)'1%1/1 890")+& :%$%(% ;0'</=,%(% >#$#?'1#), 6'1#)# 

(E-mail: korolkovelf@gmail.com) 

 !"#$"%&$'()* +,-"."!)/"* %0&!,123 +&+40)( () ,#(,1& 

5,$"6%"$&(%&0&.%)$)%) " "##$&-,1)("& 7#%,89"1,#%" ,!"#$&((,8 5,1&03(,#%" 

$ +,-,(. /&.0+,-*'.12 &.34'(,-,2 /&56.1.157 +%*&.6.1128 +5+,.6 %)5+'.157 0'7 9::.),5*1%;% 5 

1.,%)+5<1%;% %)5+'.157 ,&.)%*28 6.6=&-1 1- %+1%*. /%'59,5'.1,.&.:,-'-,- (>?@A @B) + C.'(D 

4*.'5<.157 *%0%/&%15C-.6%+,5 5 4'4<E.157 ,&-1+/%&,128 8-&-),.&5+,5) 6.6=&-1. F2'5 5+/%'(3%-

*-12 0*. %)5+'5,.'(12. +5+,.62: * H2O2 /%0  A-+*.,%6 (H2O2/UV) 5 * +5+,.6. A.1,%1- /%0 *505-

626 +*.,%6 (Fenton/vis). >%*.&81%+,( :41)C5%1-'535&%*-1128 6.6=&-1 =2'- %8-&-),.&53%*-1- 6.-

,%0-65 )%'%&56.,&55, )&-.*%;% 4;'- +6-<5*-157, #"-+/.),&%+)%/5.G 5 &.1,;.1%*+)%G :%,%9'.),&%1-

1%G +/.),&%+)%/5.G. F2'% 1-G0.1%, <,% %)5+'.15. /&5*%05, ) 4*.'5<.15D *%0%/&%15C-.6%+,5 6.6-

=&-1 1- 28 % + 5+/%'(3%*-15.6 %)5+'.157 * +5+,.6. H2O2/UV 5 1- 13 % — * +5+,.6. Fenton/vis. @-)-

H. =2'% 534<.1% +,-&.15. %)5+'.11%;% +'%7 * ,.<.15. 360 01.G, /%)-3-1- +,-=5'(1%+,( %)5+'.11%G 

/%*.&81%+,5. 

>,@A0!.0 ',+!#: ,&.)%*2. 6.6=&-12, %)5+'.15., /.&%)+50 *%0%&%0-, +5+,.6- A.1,%1-, /&%53*%05-

,.'(1%+,( 6.6=&-1. 

 

B!090)%0 

$ +*735 + 1-&-+,-DI.G /&%='.6%G 1.8*-,)5 /5,(.*%G *%02, * ,%6 <5+'. 5 * "-3-8+,-1., 5++'.-

0%*-157 6.,%0%* /% /%'4<.15D 5 %<5+,). *%02 +,-1%*7,+7 )&-G1. -),4-'(1265. J&.05 :5'(,&-C5-

%1128 6.,%0%* %<5+,)5 *%02 %+%=%. 6.+,% 3-156-D, :5'(,&2 1- %+1%*. ,&.)%*28 6.6=&-1 [1–3]. 

@.81%'%;55 1- %+1%*. 6.6=&-1128 6.,%0%* &-30.'.157 *.I.+,* %,'5<-D,+7 *2+%)%G 9::.),5*1%-

+,(D, 153)56 &-+8%0%6 6-,.&5-'%*, 6%=5'(1%+,(D, 6%04'(1%G +,&4),4&%G 5 '.;)%+,(D 4/&-*'.157, 

<,% 7*'7.,+7 %+1%*-15.6 0'7 *)'D<.157 6.6=&-1128 ,.81%'%;5G * 1%*2G /.&+/.),5*12G +.),%& *2-

+%)58 ,.81%'%;5G, %&5.1,5&%*-112G 1- -),5*1%. &-3*5,5. 61%;%:41)C5%1-'(128 5 /&-),5<.+)58 

/&5'%H.15G. J&.05 E5&%)%;% +/.),&- ,5/%* 6.6=&-1 ,&.)%*2. 6.6=&-12 (TM) 56.D, +*%5 /&.564-

I.+,*-: 9)%'%;5<.+)-7 =.3%/-+1%+,(, *2+%)-7 8565<.+)-7 5 ,.&65<.+)-7 +,-=5'(1%+,(, /&%<1%+,( 5 

43)%. &-+/&.0.'.15. /%& /% &-36.&-6. $+. 9,% %/&.0.'5'% 58 /&56.1.15. * /&%C.++-8 &-30.'.157, 

65)&%:5'(,&-C55 *%02, &-3'5<128 )%''%50128 &-+,*%&%* 5 +'%H128 +6.+.G =5%/%'56.&%*, * 1-1%-

)-,-'53. 5 1-1%+.1+%&-8, * =5%,.81%'%;55 5 6.05C51. [4]. 

$ 1-+,%7I.. *&.67 *% 61%;58 '-=%&-,%&578 65&- *.04,+7 51,.1+5*12. 5++'.0%*-157 /% +%30--

15D /&%+,28 5 ,.81%'%;5<128 6.,%0%* 6%05:5)-C55 /%*.&81%+,5 ,&.)%*28 6.6=&-1, /%3*%'7DI58 

/&50-,( 56 ,&.=4.62. +*%G+,*- 5 ,-)56 %=&-3%6 /%'4<5,( @B + 415)-'(1265 ,.815<.+)565 8-&-)-

,.&5+,5)-65.  H. %+*%.1 &70 :535<.+)58 5 8565<.+)58 6.,%0%* 6%05:5)-C55 /%*.&81%+,.G @B, 

/%3*%'7DI58 /&50-,( 56 ,&.=4.62. ;50&%:5'(12. +*%G+,*-. K5&%)% /&-),5)4.62. /%08%02 ) /%-

*2E.15D ;50&%:5'(1%+,5 @B * =%'(E51+,*. +'4<-.* %+1%*-12 1- )%*-'.1,1%6 /&5+%.051.155 ;50-

&%:5'(128 /%'56.&%* 1- /%*.&81%+,( /%& [5, 6]. L01-)% 9,%, +/%+%= <-I. *+.;% /&5*%05, ) 31-<5-

,.'(1%64 +4H.15D 5 1.)%1,&%'5&4.6%64 «3-E5*-15D» /%& 3- +<M, 1.%01%&%01%G /'%,1%+,5 /&5E5-



 .!."#$#%&'#( 

26 !)*+,-' ".$./.,0-,*'#/# 1,-()$*-+)+. 

,%;% ) /%*.&81%+,5 /%'56.&- /% 0'51. )-/5''7&-, <,% * )%1.<1%6 &.34'(,-,. +4I.+,*.11% *'57., 

1- /&%53*%05,.'(1%+,( 6.6=&-12. L0156 53 1-5=%'.. 9::.),5*128 5 <5+,28 + ,%<)5 3&.157 1.*1.-

+.157 0.:.),%* * /%*.&81%+,( 6.6=&-12 7*'7.,+7 6.,%0 %=&-=%,)5 * /'-36. ,'.DI.;% &-3&70- [7, 8], 

%01-)% +4I.+,*.1126 1.0%+,-,)%6 9,%;% 6.,%0- 7*'7.,+7 6-'%. *&.67 H5315 ;50&%:5'(1%;% +%+,%7-

157 /%*.&81%+,5: /%+'. %=&-=%,)5 * /'-36. /%*.&81%+,( 3-;&7317.,+7 /&5 *3-56%0.G+,*55 + %)&4-

H-DI.G +&.0%G 5 *%++,-1-*'5*-., +*%5 ;50&%:%=12. +*%G+,*- 4H. <.&.3 1–2 +4,%). 

@-)56 %=&-3%6, C.'.1-/&-*'.11-7 6%05:5)-C57 /%*.&81%+,1%;% +'%7 6.6=&-12 0'7 4*.'5<.157 

.. ;50&%:5'(1%+,5 7*'7.,+7 -),4-'(1%G /&%='.6%G. >&5 9,%6 +'.04., 4<5,2*-,(, <,% &-3&-=-,2*-.-

62. 6.,%02 5 6.,%05)5 ;50&%:5'53-C55 0%'H12 %=.+/.<5*-,( /%*2E.15. /&%53*%05,.'(1%+,5 

6.6=&-12 /&5 +%8&-1.155 .. *2+%)%G +.'.),5*1%+,5 5 6.8-15<.+)%G /&%<1%+,5, - ,-)H. + +%8&-1.-

15.6 9::.),- %, %)5+'.157 * ,.<.15. 0'5,.'(1%;% *&.6.15. $6.+,. + ,.6, %15 0%'H12 =2,( 9)%'%;5-

<.+)5 =.3%/-+1265 5 1.,%)+5<1265 0'7 0-'(1.GE.;% /&56.1.157 * =5%6.05C51+)58 C.'78. 

C('<0"%20)1#,-)#8 A#'1- 

7'?+9).0 2#10"%#,. % "0#D0)1.. L=N.),%6 5++'.0%*-157 +'4H5'- >?@A /'.1)- ,%&;%*%G 

6-&)5 H%st-&h-n® RNK-12,0 /&%53*%0+,*- :5&62 «Mitsubishi O%ly.st.r Film» (P.&6-157). Q%651-'(-

1-7 ,%'I51- /'.1)5 +%+,-*'7'- 12 R6, /'%,1%+,( 6-,.&5-'- — 1,4 ;/+6
3
. L=&-3C2 >?@A /'.1%) %=-

'4<-'5 5%1-65 
84

Kr
15+

 + 91.&;5.G 1,75 B9$/14)'%1, :'D.1+ 4,3·10
7
 1- 4+)%&5,.'. ,7H.'28 5%1%* 

!S-60 (T+,-151+)5G :5'5-' #1+,5,4,- 70.&1%G :535)5). >%+'. 8565<.+)%;% ,&-*'.157 * 2,2 B &-+-

,*%&. ;50&%)+50- 1-,&57 /&5 85 ºJ /%'4<-'5 6.6=&-12 + 05-6.,&%6 /%& 400±20 16. 

E(%',0)%0 FCGH GI <0"0(%'-@ !+9+"+9# <+9 !+$90&'1!%02 JH '!01#. L=&-3C2 >?@A @B 

(5×7,5 +6
2
) %)5+'7'5 * &-+,*%&. Q2L2 * 05-/-3%1. )%1C.1,&-C5G 7,5–300 6B, /&5 &Q=3 (HCl). L)5+'.-

15. /&%*%05'5 * ,.<.15. 15–180 651 * ,&.8 /-&-''.'(128 9)+/.&56.1,-8. >%+'. %)5+'.157 %=&-3C2 

/&%62*-'5 0.5%1535&%*-11%G *%0%G 0*- &-3-, +4E5'5 1- *%3048. /&5 )%61-,1%G ,.6/.&-,4&. * ,.<.-

15. 5 <. L)5+'.15. /&%*%05'5 *  A-=%)+. + &,4,1265 '-6/-65 190 W /&5 254 16. 

E(%',0)%0 FCGH GI ' <+2+K-@ D%9"+('%9-"#9%(#,#, D0)0"%"/02+D+ ! "0#(*%% H0)1+)# <+9 
!+$90&'1!%02 !%9%2+D+ '!01#. L=&-3C2 >?@A @B (5×7,5 +6

2
) %)5+'7'5 * &-+,*%&. Q2L2 * 05-/-3%1. 

)%1C.1,&-C5G 7,5–300 6B, + 0%=-*'.15.6 &.-),5*- A.1,%1- + )%1C.1,&-C5.G 0,75–30 6B &-+,*%&- 

F.Cl2. Q.%=8%056%, <,%=2 +%%,1%E.15. =2'% [F.
2+

]/[H2L2]=1/10, &Q=3,0 (HCl). L)5+'.15. /&%*%05'5 

* ,.<.15. 15–180 651 * ,&.8 /-&-''.'(128 9)+/.&56.1,-8. >%+'. %)5+'.157 %=&-3C2 /&%62*-'5 

* 4,5 B HCl, 3-,.6 0*-H02 * 0.5%1535&%*-11%G *%0., +4E5'5 1- *%3048. /&5 )%61-,1%G ,.6/.&-,4&. 

* ,.<.15. 5 <. !'7 %)5+'.157 * *5056%6 +*.,. =2'5 5+/%'(3%*-12 ;-'%;.1-*%'(:&-6%*2. '-6/2 

(100 $,). 

>+,%A0'1!0))#8 +*0)(# (+)*0)1"#*%% (+)*0!.? :/)(*%+)#,-).? D"/<< )# <+!0"?)+'1% 
FCGH GI. L=&-3.C >?@A @B &-36.&%6 1 +6

2
 /%6.I-'5 * 10 6' I.'%<1%;% &-+,*%&- (N-LH, &H=10) 

,%'45051%*%;% +51.;% (@J) + )%1C.1,&-C5.G 5·10
–4

 B 5 1./&.&2*1% *+,&785*-'5 1- E.G).&. * ,.<.-

15. 3 <, %=.+/.<5*-7 ,-)56 %=&-3%6 1-5=%'.. /%'14D +%&=C5D )&-+5,.'7 1- /%*.&81%+,( 6.6=&-12. 

>% %)%1<-155 *+,&785*-157 %=&-3.C /&%62*-'5 * &-+,*%&. N-LH (&H=10) 5 0*-H02 * 0.5%15-

35&%*-11%G *%0., /%+'. <.;% *2+4E5*-'5 1- :5'(,&%*-'(1%G =46-;. 1- *%3048.. !.+%&=C5D %)&--

E.1128 %=&-3C%* /&%*%05'5 * 5 6' 50 % &-+,*%&- 4)+4+1%G )5+'%,2 * ,.<.15. 10 651 /&5 51,.1+5*-

1%6 *+,&785*-155 1- E.G).&.. L/,5<.+)4D /'%,1%+,( /%'4<.11%;% %)&-E.11%;% &-+,*%&- %/&.0.'7-

'5 /&5 0'51. *%'12 633 16, )%1C.1,&-C5D )%1C.*28 )-&=%)+5'(128 ;&4// — /% )-'5=&%*%<1%64 

;&-:5)4. 

>"#0!+& /D+, '2#A%!#)%8 (>JL). "&-.*%G 4;%' +6-<5*-157 =2' 536.&.1 1- /&5=%&. «P%15%6.,& 

Krüss DST100» (Kruss GmbH, G.rm-ny) * '-=%&-,%&55 &-05-C5%11%G 85655 /%'56.&%* ( 15*.&+5,., 

H-c.tt.&., T1)-&-, @4&C57) /&5 G = 21 ºJ.  ;%' +6-<5*-157 %C.15*-'5 + /%6%I(D 6.,%0- +,-,5<1%G 

)-/'5, %=N.6 )-/'5 +%+,-*'7' 10 µ', +&.01.. 31-<.15. " J =2'% /%'4<.1% /4,.6 536.&.157 /7,5 

&-3'5<128 /%'%H.15G )-H0%;% %=&-3C-. 

7>-'<0(1"+'(+<%8. #"-+/.),&2 =2'5 +17,2 1- #"-A4&(. +/.),&%6.,&. C-ry 600 S.ri.s /&%53-

*%0+,*- Tgil.nt T.chn%l%gi.s (JKT) + 5+/%'(3%*-15.6 /&5+,-*)5 %01%)&-,1%;% %,&-H.157 1- -'6-3. 

Gl-di-tr /&%53*%0+,*- OIKU (JKT). $+. 536.&.157 /&%*%05'5 /&5 &-3&.E.155 2,0 +6
-1

 5 ,.6/.&-,4&. 

21 ºJ, )%'5<.+,*% +)-15&%*-15G +%+,-*'7'% 1. 6.1.. 32. >%'4<.112. +/.),&2 =2'5 %=&-=%,-12 * 

/&%;&-66. Tgil.nt R.s%luti%n Or%. 



2'-*%-+)%&,.3 4#0-5-'.6-3 … 

7)$-3 «8-4-3». 9 1(81)/2016 27 

;0)1D0)+!'(#8 :+1+M,0(1"+))#8 '<0(1"+'(+<%8. J%+,-* /%*.&81%+,5 %=&-3C%* %/&.0.'7'5 6.-

,%0%6 OA?J 1- 51,.;&5&%*-11%6 OA? +/.),&%6.,&. K-Tl&h- :5&62 «Th.rm% Sci.ntific» (JKT) * 

Q-C5%1-'(1%6 1-1%,.81%'%;5<.+)%6 C.1,&. UNTM (T1)-&-, @4&C57). J/.),&2 &.;5+,&5&%*-'5 * 

&.H56. CTU (O-ss Un.rgy 200,0 9$) + E-;%6 1,0 9$. J/.),&2 *2+%)%;% &-3&.E.157 (C, N, F 5 L) 3-/5-

+2*-'5 * -1-'%;5<1%6 &.H56. + O-ss Un.rgy, &-*1%G 30,0 9$, 5 + E-;%6 0,1 9$. L=&-=%,)4 /%'4<.1-

128 0-1128 *2/%'17'5 /&5 /%6%I5 /&%;&-661%;% %=.+/.<.157 Tv-nt-g.. 

61+2)+-'%,+!#8 2%("+'(+<%8 (6LI). B%&:%'%;5D /%*.&81%+,5 %)5+'.1128 5 6%05:5C5&%*-1-

128 /%'56.&128 /'.1%) 5++'.0%*-'5 +)-15&4DI56 3%10%*26 65)&%+)%/%6 (JVB) Sm-rtSOM-1000 

:5&62 TIST-NT * -,6%+:.&128 4+'%*578 * /%'4)%1,-),1%6 &.H56. + 5+/%'(3%*-15.6 )&.615.*%;% 

)-1,5'.*.&- NSG10 :5&62 NT-MDT + &-054+%6 %+,&57 1. =%'.. 10 16. B-++5* 0-1128, /%'4<-.628 

+ /%6%I(D JVB, %=&-=-,2*-'5 5 -1-'535&%*-'5 + /%6%I(D /&%;&-662 Gwyddi%n. 

F"+%$!+9%10,-)+'1- 202="#). >&%53*%05,.'(1%+,( 5+8%01%G (,&-*'.11%G) 5 6%05:5C5&%*-1-

128 >?@A ,&.)%*28 6.6=&-1 %/&.0.'7'5 +%;'-+1% +,-10-&,1%G 6.,%05). [9]. O.34'(,-,2 536.&.15G 

*2&-H-'5 * .0515C-8 '/<·6
2
, 0'7 )-H0%;% %=&-3C- /&%*%05'5 6515646 10–15 536.&.15G. 

>&%53*%05,.'(1%+,( 6.6=&-1 /% *%0. %/&.0.'7'5 /&5 /.&./-0. 0-*'.157 0,15 B>-, /&%/4+)-7 

0.5%1535&%*-114D *%04 (18,2 BW) <.&.3 %=&-3C2 ,&.)%*28 6.6=&-1 05-6.,&%6 25 66, ,%'I51%G 

12 6)6. 

V1-<.157 40.'(1%G /&%53*%05,.'(1%+,5 6.6=&-1 &-++<5,2*-'5 /% 4&-*1.15D X-;.1-->4-3.G'7 

 
2

8

r ;
Q

r ?

 ! "
#

$! "
, (1) 

;0. Q — /%,%) (*%02) <.&.3 6.6=&-14 /&5 0*5H4I.G +5'. Y;/Y? (N; — &-31%+,( 0-*'.15G; Y? — 

,%'I51- 6.6=&-12); r — &-054+ /%&; O — *73)%+,( H50)%+,5; Z — /%&5+,%+,( 6.6=&-12. 

;0$/,-1#1. % +='/P90)%0 

E(%',0)%0 FCGH GI "#$,%A).2% 201+9#2%. >%*.&81%+,( >?@A 6%H1% 8-&-),.&53%*-,( )-) 

46.&.11% ;50&%:5'(14D, /%9,%64 4*.'5<.15. ;50&%:5'(1%+,5 /%*.&81%+,5 &-+E5&7., 05-/-3%1 

:41)C5%1-'(128 +*%G+,* 9,%;% /%'56.&- /%+&.0+,*%6 /&%*.0.157 8565<.+)%G 6%05:5)-C55 /%-

*.&81%+,5, *)'D<-DI.. )%*-'.1,1%. /&5+%.051.15. &-3'5<128 :41)C5%1-'(128 ;&4//, - ,-)H. 4*.-

'5<.15. )%1C.1,&-C55 )-&=%)+5'(128 ;&4// /%+&.0+,*%6 %)5+'.157 * &-3'5<128 +5+,.6-8 [9]. 

J5'(1.GE4D -),5*53-C5D /&%C.++- %)5+'.157 /.&.)5+(D *%0%&%0- (>$) + %=&-3%*-15.6 

;50&%)+50-&-05)-'- *232*-., :%,%'53 (4'(,&-:5%'.,%*%. %='4<.15.). $ 9,58 4+'%*578 /&%5+8%05, 

&-3'%H.15. >$ 5 %=&-3%*-15. QL
· 
&-05)-'%*, +%/&%*%H0-DI5.+7 &70%6 /%=%<128 &.-)C5G + 

%=&-3%*-15.6 ,-)58 <-+,5C, )-) QL2
-
, QLL·, L2 5 0&. 

B%05:5)-C5D /%*.&81%+,5 +,.1%) /%& 6.6=&-1 /&%*%05'5 %)5+'.15.6 + 5+/%'(3%*-15.6 +%-

*&.6.1128 1.,%)+5<128 5 9)%'%;5<.+)5 <5+,28 %)5+'5,.'(128 +5+,.6. O-1.. '-=%&-,%&5.G ,&.)%-

*28 6.6=&-1 TA #[A =2'- 4+,-1%*'.1- 9::.),5*1%+,( /&56.1.157 %)5+'5,.'(128 +5+,.6 1- %+1%-

*. H2O2 [10] 0'7 536.1.157 8565<.+)%;% +%+,-*- 5 6%&:%'%;55 /%*.&81%+,5 >?@A @B. J5+,.62 

&-+,*%& /.&%)+50- *%0%&%0- /%0  A-%='4<.15.6 (H2O2/UV) – +5+,.6- A.1,%1- /%0 *505626 +*.,%6 

(Fenton/vis) /%)-3-'5 1-5=%'(E4D 9::.),5*1%+,(. $ 0-11%G &-=%,. /&.0+,-*'.12 &.34'(,-,2 /%0-

&%=1%;% 5++'.0%*-157 5+/%'(3%*-157 0-1128 %)5+'5,.'(128 +5+,.6 + C.'(D /&50-157 6.6=&-1-6 

1%*28 8-&-),.&5+,5). 

@-) )-) *-H1.GE56 /-&-6.,&%6 * 6.6=&-11%-&-30.'5,.'(128 /&%C.++-8 7*'7D,+7 +*%G+,*- /%-

*.&81%+,5 6-,.&5-'-, ,% 1-65 =2'- *+.+,%&%11. 5++'.0%*-1- 56.11% /%*.&81%+,( ,&-*'.1128 5 6%-

05:5C5&%*-1128 6.6=&-1. 

L)5+'.15. ,&.)%*28 6.6=&-1 =2'% *2/%'1.1% * &-+,*%&. /.&.)5+5 *%0%&%0- /%0  A-%='4<.-

15.6 5 * &-+,*%&. A.1,%1- /%0 *505626 %='4<.15.6 /&5 /%+,%711%G ,.6/.&-,4&. 5 )%1C.1,&-C55 

%)5+'5,.'(1%;% -;.1,-, ,%;0- )-) *&.67 %)5+'.157 536.17'%+( %, 30 0% 180 651. 

T1-'53 9::.),5*1%+,5 %)5+'.157 /% /-&-6.,&4 )%1C.1,&-C55 JLLQ-;&4// /&%*%05'5 6.,%-

0-65 +/.C5:5<.+)%;% %)&-E5*-157 + )&-+5,.'.6 ,%'45051%*26 +5156, +/%+%=126 +.'.),5*1% *3-5-

6%0.G+,*%*-,( + )-&=%)+5'(1265 ;&4//-65 [11]. >.&*%1-<-'(1% %=I-7 )%1C.1,&-C57 )-&=%)+5'(128 

;&4// 1- /%*.&81%+,5 5 *14,&5 /%& * ,&-*'.11%G 6.6=&-1. +%+,-*5'- 0,90±0,21 1B/c6
2
 5 /%+,./.11% 

*%3&-+,-'- * 8%0. %)5+'.157, 0%+,5;14* 1,92±0,21 1B/c6
2 
/&5 %)5+'.155 * +5+,.6. Fenton/vis, %01-)% 

%)5+'.15. * +5+,.6. H2O2/UV /&5*.'% ) 31-<5,.'(1%64 *%3&-+,-15D JLLQ-;&4//, )%,%&%. 0%+,5;'% 

15,35±0,44 1B/c6
2 
/%+'. 180 651 %='4<.157. O.34'(,-,2 /&.0+,-*'.12 1- &5+41). 1. 



 .!."#$#%&'#( 

28 !)*+,-' ".$./.,0-,*'#/# 1,-()$*-+)+. 

 

O5+41%) 1. #36.1.15. )%1C.1,&-C55 )-&=%)+5'(128 ;&4// >?@A @B  

/&5 %)5+'.155 * +5+,.6-8 H2O2/UV 5 Fenton/vis 

P50&%:5'(12. +*%G+,*- =2'5 %C.1.12 6.,%0%6 %/&.0.'.157 )&-.*%;% 4;'- +6-<5*-157 /% *%0.. 

O.34'(,-,2 /&.0+,-*'.12 1- &5+41). 2. F2'% 1-G0.1%, <,% )&-.*%G 4;%' +6-<5*-157 46.1(E5'+7 1- 

6,4°±1,3 /&5 %)5+'.155 * H2O2/UV 5 1- 3,6°±1,3 * +'4<-. %)5+'.157 * +5+,.6. Fenton/vis. 

 

 
" J 43,0°±1,4° " J 39,4°±1,4° " J 36,6°±1,8° 

a = ! 

O5+41%) 2. #36.1.15. )&-.*%;% 4;'- +6-<5*-157 >?@A @B (#)  

/&5 %)5+'.155 * +5+,.6. Fenton/vis 180 651 (=) 5 H2O2/UV 180 651 (!) 

O-1.. 0&4;565 -*,%&-65 =2'5 0%+,5;14,2 1-5'4<E5. &.34'(,-,2 /&5 %)5+'.155 * /'-36. /&5 

&-3'5<128 4+'%*578, ,-), 4;%' +6-<5*-157 46.1(E5'+7 + 75
o
 0% 35

o 
[12] 5 + 71

o
 0o 38,5

o
 [13]. L01-)% 

%)5+'.112G +'%G, /%'4<.112G 0-11265 6.,%0-65, 7*'7'+7 1.+,-=5'(126 5 ,.&7' /&5%=&.,.112. 

;50&%:5'(12. +*%G+,*- 4H. /%+'. 1.+)%'()58 +4,%) 8&-1.157 1- *%3048.. 

7'',09+!#)%0 +(%',0)).? FCGH GI ;HCL % 7>-'<0(1"+'(+<%0&, 6LI. @&-*'.11-7 5 %)5+'.1-

1-7 >?@A @B =2'5 ,-)H. 534<.12 6.,%0%6 OA?J-+/.),&%+)%/55. !-112G 6.,%0 /%3*%'7., 534<5,( 

8565<.+)5G +%+,-* /%*.&81%+,5 6-,.&5-'- ;'4=51%G 0% 10 16. Q- &5+41). 3 /&.0+,-*'.12 OA?J C1s 

5 O1s +/.),&2 *2+%)%;% &-3&.E.157. C1s +/.),& /&.0+,-*'.1 ,&.67 /5)-65 C–C/C–H ;&4// 

(~284,6 eV), C–OH/C–O–C ;&4// /&5 ~286,2 eV 5 COOH ;&4// /&5 ~288,6 eV. O1s +/.),& 56.., 0*- 

/5)- ~531,5 eV (C=O) 5 /&5 533,8 eV (C–O). 

J*%012. &.34'(,-,2, /%'4<.112. /%+'. %=&-=%,)5 +/.),&%*, /&.0+,-*'.12 * ,-='5C. 1. Q-='D-

0-.,+7 /%*2E.15. +%0.&H-157 )5+'%&%0- )-&=%)+5'(128 5 ;50&%)+5'(128 ;&4//. 

#"-+/.),&2 ,&-*'.1128 5 %)5+'.1128 >?@A @B /%)-3-12 1- &5+41). 4. L+1%*12. /%'%+2 /%-

;'%I.157: 3432 +6
-1

 (L–Q), 2972 +6
-1

 (-&%6-,5<.+)5. J–Q), 2910 +6
-1

 (-'5:-,5<.+)5G C–H), 1715 +6
-1

 

(J=L ;&4//-), 1615, 1470, 1430, 1409 +6
-1

 (-&%6-,5<.+)5. )%'.=-157 4;'.&%01%;% +).'.,-), *-'.1,12. 

)%'.=-157 C(L)–L +*73.G 9:5&128 ;&4// (1238 +6
-1

), 980 +6
-1

 (L–CH2) [14]. P'-*1%. %,'5<5. 6.H04 

+/.),&-65 %='4<.11%G, ,&-*'.11%G 5 %)5+'.11%G >?@A @B +%+,%5, * +%%,1%E.155 /%'%+ /%;'%I.-

157 /&5 1715 (\ C=L) +6
-1

,
 
<,% 8%&%E% *501% 53 4*.'5<.11%G <-+,5 +/.),&-. 

L+%=2G 51,.&.+ * 8%0. %)5+'.157 /&.0+,-*'7D, 6%&:%'%;5<.+)5. 536.1.157 /%*.&81%+,5 

>?@A @B, ,-) )-) 0-'(1.GE-7 :41)C5%1-'53-C57 5 /&-),5<.+)%. /&56.1.15. =404, ,.6 4+/.E1.., 

<.6 6.1.. /%*&.H0.11%G %)-H.,+7 /%*.&81%+,( @B. 

T1-'53 /%*.&81%+,5 6.6=&-1 6.,%0%6 TJB /%3*%'5' %/&.0.'5,( +&.01.. 31-<.15. E.&%8%*--

,%+,5 * 1-1%6-+E,-=.. J156)5, +0.'-112. + /%6%I(D JVB 0'7 )-H0%;% 5++'.04.6%;% %=&-3C-, 

/&.0+,-*'.12 1- &5+41). 5. 
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) 3. C1s 5 O1s OA?J +/.),&2 ,&-*'.11%G (a, !)  

+'.11%G * +5+,.6. H2O2/UV (=, D) >?@A @B 

9&#!"8 #,#%)1 ,40);/,1 5, <=>? #5&!%0)+ 

?'.6.1,12G +%+,-*, % OA

C O O/C C–C/C–H C

74,36 25,64 0,345 67,20 

O2/UV 72,34 27,66 0,382 59,08 

 

%) 4. #" +/.),&2 >?@A @B: ,&-*'.11%G (1),  

%G * +5+,.6. Fenton/vis (2), * +5+,.6. H2L2/UV (3) 
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284 282 280
*(3;-,<!

C-C/C-H

530 528

(;3-,<!

=O

@ - = ' 5 C -  1  

A?J C1s, % 

C–OH/C–O–C COOH 

17,62 15,18 

22,98 17,94 
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30 !)*+,-' ".$./.,0-,*'#/# 1,-()$*-+)+. 

B%&:%'%;5<.+)5. 536.1.157 /%*.&81%+,5 >?@A TB 3-*5+7, %, 4+'%*5G %)5+'.157. F2'% %=1--

&4H.1%, <,% 65)&%&.'(.: 5+8%01%G (,&-*'.11%G) >?@A @B 8-&-),.&534.,+7 153)56 31-<.15.6 E.-

&%8%*-,%+,5, )%,%&%. /%+'. %)5+'.157 4*.'5<5*-.,+7. 

 

 
@&-*'.11-7 >?@A @B 

R# = 4,5 16 (%='-+,( +)-15&%*-157 

1,5×1,5 R6) 

H2L2/UV 

R# = 4,8 16 

F.nt%n/vis 

R# = 5,4 16 

O5+41%) 5. TJB 53%=&-H.157 >?@A @B 

@-)56 %=&-3%6, %)5+'.15. >?@A @B 1. +,%'( +4I.+,*.11% 536.17., 6%&:%'%;5D /%*.&81%+,5, 

- * 31-<5,.'(1%G +,./.15 *'57., 1- 8565<.+)4D +,&4),4&4 /%*.&81%+,5. 

7'',09+!#)%0 <"+%$!+9%10,-)+'1% FCGH GI % '1#=%,-)+'1% +(%',0))+D+ ',+8. !&4;56 *-H-

126 /-&-6.,&%6 /&%C.++- %)5+'.157 7*'7.,+7 5++'.0%*-15. /%*.0.157 %)5+'.11%G /%*.&81%+,5 +% 

*&.6.1.6. J,-&.15. %)5+'.1128 /'.1%) 534<-'5 1- /&%,7H.155 360 01.G. $ ,.<.15. +,-&.157 %=&-3-

C2 %)5+'.1128 /'.1%) 8&-15'5+( 6.H04 '5+,-65 :5'(,&%*-'(1%G =46-;5 1- *%3048. * ,.61%,.. 

O.34'(,-,2 /% 5++'.0%*-15D /&%0%'H5,.'(1%+,5 +%8&-1.157 ;50&%:5'(128 +*%G+,* 6.6=&-12 

/&.0+,-*'.12 * ,-='5C. 2. 

@ - = ' 5 C -  2  

@)((2& 5, #%)0&("A ,!"#$&((23 B>C= CD 

$&.67  

+,-&.157, 015 
H2O2/UV Fenton/vis 

 [COOH], 1B/+6
2
  ;%' +6-<5*-157, ;&-0. [COOH], 1B/+6

2
  ;%' +6-<5*-157, ;&-0.

0 15,35±0,44 36,5±1,5 1,92±0,21 39,3±1,6 

14 15,21±1,24 36,3±1,4 1,92±0,26 41,8±2,3 

30 15,37±0,85 37,5±0,9 1,88±0,41 42,3±1,2 

60 14,26±0,85 39,9±0,8 1,87±0,27 45,1±1,8 

90 12,42±0,71 39,8±0,6 1,86±0,33 44,5±2,0 

180 12,41±1,23 39,6±0,5 1,84±0,31 44,3±0,9 

360 12,32±0,88 39,8±0,9 1,84±0,34 44,5±1,4 

 

"-) *501% 53 /&.0+,-*'.1128 0-1128, )&-.*%G 4;%' +6-<5*-157 1.+)%'()% /%*2E-.,+7 + /%15-

H.15.6 )%1C.1,&-C55 )-&=%)+5'(128 ;&4//. !'7 %)5+'.157 >?@A @B * +5+,.6. H2O2/UV +,-=5'(-

12G 4;%' +6-<5*-157 +%+,-*5' 39,8±0,9
o
, )%1C.1,&-C57 )-&=%)+5'(128 ;&4// — 12,42±0,71 1B/+6

2
, 

0'7 %)5+'.157 * +5+,.6. Fenton/vis — +%%,*.,+,*.11% 44,5±1,4
o
 5 1,86±0,33, %01-)%, ,.6 1. 6.1.., 

31-<.157 %+,-D,+7 3- /&.0.'-65 1.6%05:5C5&%*-1128 %=&-3C%*. J15H.15. )%1C.1,&-C55 )-&=%)-

+5'(128 ;&4// 1- /%*.&81%+,5 6%H., =2,( %=N7+1.1% ,.6, <,% /%'7&12. ;&4//2, ,-)5. )-)  

–COOH, –OH, 6%;4, /.&.%&5.1,5&%*-,(+7 + /%*.&81%+,5 * 6-++4 /%'56.&- [11], <,% ,-)H. /&%5+8%-

05, * +'4<-. /&56.1.157 /'-362, 1% /&5 5+/%'(3%*-155 %)5+'5,.'7 /.&%)+50- *%0%&%0- 0-112G 

/&%C.++ 31-<5,.'(1% 3-6.0'7.,+7, 5 6.6=&-1- +%8&-17., ;50&%:5'(12. +*%G+,*- =%'(E. 1 ;%0-. 

K5&%)% %/5+-112G * '5,.&-,4&. 6.,%0 %)5+'.157 >?@A * /'-36. [11, 12] /%)-32*-.,, <,% +,--

&.15. >?@A /'.1%) /&%5+8%05, =4)*-'(1% 3- +4,)5 5 31-<.157 " J *%3*&-I-D,+7 * 5+8%01%. /%'%-

H.15.. 

!&4;56 *-H126 /-&-6.,&%6 6.6=&-1 7*'7.,+7 +%8&-1.15. 6.8-15<.+)58 +*%G+,* 5 &-36.&%* 

1-1%)-1-'%* * 8%0. %)5+'.157. B.8-15<.+)5. +*%G+,*- =2'5 %C.1.12 /4,.6 536.&.157 /&%<1%+,5 1- 

&-3&2*. F2'% %=1-&4H.1%, <,% 9)+/.&56.1,-'(1% 536.&.112. 31-<.157 /&%<1%+,5 1- &-3&2* 0'7 

,&-*'.128 5 %)5+'.1128 6.6=&-1 %<.1( ='53)5 0&4; ) 0&4;4 5 &-*12: 30,4 ± 0,7 )>- — 0'7 ,&-*'.1-
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1%G >?@A @B, 30,3 ± 0,7 )>- — 0'7 >?@A @B, %)5+'.11%G * +5+,.6. H2L2/UV, 5 30,5 ± 0,7 )>- — 

0'7 >?@A @B, %)5+'.11%G * +5+,.6. Fenton/vis. ?,% %31-<-.,, <,% %)5+'.15. /&%5+8%05, ,%'()% 1- 

/%*.&81%+,5 (*14,&.11.G 5 *1.E1.G), =.3 /%*&.H0.157 %+1%*2 /%'56.&1%G +,&4),4&2, <,% %+%=% 

*-H1% /&5 0-'(1.GE.6 5+/%'(3%*-155 6.6=&-1. 

$2+%)-7 /&%53*%05,.'(1%+,( :5'(,&%* 1- %+1%*. @B * +%*%)4/1%+,5 + 58 =5%'%;5<.+)%G +,%G-

)%+,(D 5 +,&%;%G )-'5=&%*)%G /%& %=4+'%*'5*-., 58 *.04I.. 6.+,% * 9)%1%65<.+)%6 +.;6.1,. 

:5'(,&4DI58 6-,.&5-'%*. 

J C.'(D 534<.157 *'57157 /&%C.++%* %)5+'.157 1- )%6/'.)+ 9)+/'4-,-C5%1128 +*%G+,* 65)&%-

:5'(,&-C5%1128 6.6=&-1 1-65 =2'5 /&%*.0.12 5++'.0%*-157 /&%15C-.6%+,5 5 /&%53*%05,.'(1%+,5 

%=&-3C%* >?@A @B, /%0*.&;14,28 %)5+'.15D * )-H0%G 53 &-++6-,&5*-.628 +5+,.6 %)5+'.157 /&5 

4+'%*578, +%%,*.,+,*4DI58 6-)+56-'(1%64 /&5&%+,4 ;50&%:5'(128 ;&4// 1- /%*.&81%+,5 /%'56.-

&-, - ,-)H. 536.1.157 /&%53*%05,.'(1%+,5 6.6=&-1 +% *&.6.1.6 8&-1.157. 

L)5+'.15. /%*.&81%+,5 >?@A @B /.&%)+50%6 *%0%&%0- /%0 0.G+,*5.6  A-53'4<.157 4*.'5-

<5*-., /&%53*%05,.'(1%+,( 6.6=&-1128 :5'(,&%* =%'.. <.6 1- 25 % /% +&-*1.15D +% +,-10-&,1265 

1.6%05:5C5&%*-11265 %=&-3C-65. L01-)% 0-11%. 4*.'5<.15. /&%53*%05,.'(1%+,5 6%H., =2,( ,-)-

H. +*73-1% + 4E5&.15.6 05-6.,&%* /%& 6.6=&-1. !'7 )%1,&%'7 536.1.157 05-6.,&- /%& * 8%0. %)5+-

'.157 =2' 5+/%'(3%*-1 6.,%0 536.&.157 ;-3%/&%15C-.6%+,5 6.6=&-12. F2'% 1-G0.1%, <,% ;-3%/&%-

15C-.6%+,( 6.6=&-1 %+,-.,+7 /&-),5<.+)5 1.536.11%G, <,% ;%*%&5, % 1.+4I.+,*.11%6 *'57155 /&%-

C.++- %)5+'.157 1- ;.%6.,&5D 5 05-6.,& /%&. @-), 31-<.15. ;-3%/&%15C-.6%+,5 0'7 ,&-*'.11%G 

>?@A @B +%+,-*5'% 45,2±0,5 6'/651·c6
2
, /%+'. %)5+'.157 * +5+,.6. H2O2/UV * ,.<.15. 180 651 — 

45,5±0,56'/651·c6
2
, * +5+,.6. Fenton/vis — 44,8±0,6 6'/651·c6

2
. ?::.),5*12G 05-6.,& /%&, &-++<5-

,-112G /% 4&-*1.15D X-;.1-->4-3.G'7, +%+,-*5' 0'7 ,&-*'.11%G 6.6=&-12 405,5±1,4 16, 0'7 %)5+-

'.11%G * +5+,.6. H2O2/UV — 406,4±1,5 16 5 * +5+,.6. Fenton/vis — 404,4±1,4 16. 

!-112. 9)+/.&56.1,%* /% /&%53*%05,.'(1%+,5 %)5+'.1128 >?@A @B 5 3-*5+56%+,( 536.1.157 

/&%53*%05,.'(1%+,5 %, *&.6.15 +,-&.157 /&.0+,-*'.12 1- &5+41). 6.  

 

 

O5+41%) 6. #36.1.15. /&%53*%05,.'(1%+,5 /% *%0. ,&-*'.11%G,  

%)5+'.11%G >?@A @B * H2O2/UV (a) 5 * Fenton/Vis (=) + ,.<.15.6 *&.6.15 +,-&.157 

Q-='D0-.,+7 1.31-<5,.'(1%. /%15H.15. /&%53*%05,.'(1%+,5 * +*735 + &-1.. %/5+-11265 /&%-

C.++-65 +,-&.157 %)5+'.1128 /'.1%). @-)56 %=&-3%6, %)5+'.15. >?@A @B /&5*%05, ) 4*.'5<.15D 

/&%53*%05,.'(1%+,5 6.6=&-1, <,% * +*%D %<.&.0( *.0., ) &%+,4 &.+4&+- :5'(,&-, /%'4<.11%;% 1- %+-

1%*. @B. 

Q#(,@A0)%0 

@-)56 %=&-3%6 =2'% /&%*.0.1% 5++'.0%*-15. 9::.),5*1%+,5 %)5+'.157 >?@A @B * +5+,.6-8 

H2L2/UV 5 F.nt%n/vis, =2'5 %/&.0.'.12 %/,56-'(12. 4+'%*57, /&5*%07I5. ) 4*.'5<.15D )%1C.1-

,&-C55 )%1C.*28 /%'7&128 JLLQ-;&4//, ) /%*2E.15D ;50&%:5'(1%+,5 /'.1%).  +,-1%*'.1%, <,% 

+5+,.6- H2L2/UV 7*'7.,+7 =%'.. /&.0/%<,5,.'(1%G, ,-) )-) %1- *232*-., +4I.+,*.112. 536.1.157 * 

;50&%:5'(128 +*%G+,*-8 6.6=&-12 5 * ,% H. *&.67 =.3 )-)%;%-'5=% +.&(.31%;% *'57157 1- 6%&:%'%-
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32 !)*+,-' ".$./.,0-,*'#/# 1,-()$*-+)+. 

;5D /%*.&81%+,5. J 5+/%'(3%*-15.6 +%*&.6.1128 :535)%-8565<.+)58 6.,%0%* 5++'.0%*-157 (TJB, 

OA?J, #"-+/.),&%+)%/57) =2' /&%*.0.1 +&-*15,.'(12G -1-'53 9::.),5*1%+,5 %)5+'.157 >?@A @B 

* &-3'5<128 +5+,.6-8 %)5+'.157, 4+,-1%*'.12 536.1.157 * 6%&:%'%;55 5 8565<.+)%6 +%+,-*. /%-

*.&81%+,5. !%)-3-1%, <,% /%*2E.15. ;50&%:5'(1%+,5 +'%7 /%*.&81%+,5 /&5*%05, ) 4*.'5<.15D 

/&%53*%05,.'(1%+,5 6.6=&-1 /% *%0. (=%'.. <.6 1- 25 %). #++'.0%*-15. +,-&.157 /%)-3-'% 0%+,--

,%<14D +,-=5'(1%+,( %)5+'.11%;% +'%7. !-11-7 6.,%05)- &.)%6.10%*-1- 0'7 0-'(1.GE.;% 5++'.0%-

*-157 5 *1.0&.157 * /&%62E'.114D ,.81%'%;5D /%'4<.157 ,&.)%*28 6.6=&-1 + 4'4<E.11265 

:5'(,&-C5%11265 /-&-6.,&-65. 
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H-&2^,2_ -+,210- A.1,%1 HdG.+b10. (Fenton/vis). @d&'.10b&b';.1 6.6=&-1-'-&02_ =.,b 

)%'%&56.,&57, a').'b) +4'-4 =e&2E2, #f-+/.),&%+)%/57 H`1. &.1,;.10b) :%,%9'.),&%102^ 

+/.),&%+)%/57 `0b+,.&b6.1 +5/-,,-'02. @%,2^,2&4 H2O2/UV HdG.+b1 ^%'0-1c-1 ).30. 

6.6=&-1-'-&02_ +4 a,)b3;bE,b;b1 28 %-c-, Fenton/vis HdG.+b10. 13 %-c- -&,,2&-02. J%126.1 ^-,-& 

,%,2^^-1 =.,,b_ ,e&-^,2'2c2 )a&+.,b';.1 H`1. ,%,2^^-1 ^-=-,,2_ .+)b&4b 360 )d11b_ bEb10. 
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I.V.Korolkov 

Modification of polyethyleneterephthalate track-etched membranes  

by oxidation and aging study of the oxidized surface 

In this study we present results on the application of advanced oxidation systems for effective and non-toxic 

oxidation of poly(ethylene terephthalate) track-etched membranes (PET TeMs) to improve their wettability 

and water transport properties. Two oxidizing systems: H2O2 under UV irradiation (H2O2/UV) and Fenton 

system under visible light (Fenton/Vis) were compared. The surface of functionalized PET TeMs was charac-

terized by using colorimetric assay, contact angle measurements, FTIR and X-ray photoelectron spectroscopy 

(XPS). Results clearly showed that water permeability of PET TeMs treated with H2O2/UV was improved by 

28 %, the same parameter was found to increase by 13 % in the case of Fenton/Vis treatment. The proposed 

oxidation technique is simple, environment friendly and not requiring special equipment or expensive chemi-

cals. The surface hydrophilicity of the membranes stored for 360 days was analyzed. The hydrophilic proper-

ties of oxidized PET TeMs were found to be stable for a long period of time. 
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 !"#!$% &'#() '*+()% ,)!&-./01*12 0.3!44!#!5!)1* 67)447% 

CD/DB+ E! 99!' 5FG!49HIH — ?"5B"A' 4JBH H. K)LH ' M5)LD ND/" D) O"3L"/")DO, >5N" D 

9!BO! "9' " B!) >5N" D MDIDBL" 4JBH  ,+4HE"9D) :, 9: /H M"99D E"9M" FJ/!LH: M"/LDM — Rd, 

! +9H) — SL >;)! ! HB!39H) — DP E"99"  [1]. =JBH LHP ! HQH,9HQH 9!BO! "9' ", 4JBH LHP FJ/,!49! H 

B!) DP >;)! SL BJ/,! H)HP ;I! HB!) I"/DI9D "LD, RC, RD, DP, SL J)! 4;IHO9H4, R/!B!)99H4, Q "6+-

B!9 +S/DM 9"/L"'/" D >: QHEH/HO >;)! +)T "MDED/ IO!49 H E! 99!/LH [2]. ( H94H, 4J/!BH 9U "M9D 

F5/N") 4!EL! 4JBH LHP M5ID/' BJ/,! H >5N" /"N") I"3D) DP J)LH ' L!PQ!3H U/N"SLD, SL L!PQ!3H 

,"B"/D 9JB!)L!3LH. 8!BO! "9' " 375 º*-9") >5N" D F5/N")L" O+ 5/+E  !"4V+S/" D)" 9:I!LH, 

);9+>!IH)L! SL J)HB 4J I!94H,H M" MD)LD JI!LH. ( H94H,  !9H)L! 9!9 "/+) B!) 1-B!9+/)"T9"/+) 

M5/L")N") 4!EL! DP >;)! SL >"/OD J)LH ' >:3!IH UMI"I, 5/" LDP ! H94H, M" MD)LD/DND 95/'5/L") 

L" >5N" D F5/LD [3]. 

?.=- ,8';+!: ?"5B"A' 4JBH H, J)HB, T "4V+S, 95/'5/, 9!9 "/+), 1-B!9+/)"T9"/+), "V!95). 

 

=JBH LHP ! H94H,9! B!) ; !4!99!I'H F53D)," 5)DP T+E+4"-A+B+S/DM 4"I+!99! H) E! 99!'Q! 

F5/"LD. 2J/B! 9!BO! "9' "ID)L" 95/'5/, "V!95), 9!9 "/+) ! H94H,9! H)HP 4JBH  J)LH ' J)LH HIH)L! 

;I! H 9JB!), I!F!FH 4JBH  B5/!4'/"ID)DP " "ID)L"ND 4JBH 9!49H4 F"3/")DI9DP 4:,H F! H4 [3]. 

2J/B! 9!BO! "9' "ID)L" CS2 >;)! NMP ! H94H, M5IO"ID)DP 4J/!BH) 1:1 M"9D)"ID)L"3 "/N")L" 

WD9"3 XE"5Y>'") 4JBH  J)LH ' M" MD)D 77,9 % L!3H) >!9!LH, FH "M FU/ ;LHI 4!3FH  9"I 4JBH  

J)LH HIH)L! FUL") L" >"MID );9+>!/! Q! +! F5/"LD, "/ M5PD  4JBH  J)LH HIH)L! );9+>!IH "39" /DM-

9"3 9JB!) F5/"LD. Shuihenfu ;  9: /H 9!BO! "9' " >"NL"3D)L" A+)5/+))!) 9"ND F"IM" ! H94H,9!  

Shenfu 4JBH  J)LH ' J)LH HIH)L! M"I+!9H >5N" D !4!)H E! 99!/LH. 360 º*
 
9!BO! "9' "L" J)HB J)LH ' !P 

9+BLH F5/DO 9"FD/"9D)D F"3M"/LD, 5/ 9!BO! "9' " 4JBH LHP MU D/DID)" ;I!  !9!LH L!O 53/"LD [4]. 

=JO9!Q!) ! +9H) E"99" LD O"3L"/")" 59D DO, 9!BO! "9' ")D >5N" /"9M")L" O+ 5/+E >;)! 

O5/+B! /!'  !"4V+SID)L" J)LH ' L!PQ!3H 9JB!)L!Q!)H) F"3M"LD. 

=JBH  B5/!4'/"ID)DP B5/!4'/"/DM B"II"/" D)DP " "ID)L" "3D B",D/DM :/4!) >;)! FH -

FH HB!) >5N" D 9!BO! "9' "L" ; !4!99!I' F" DID)L" 4JBH LHP J)LH ' M" MD)D) >"MI" 9'N" 

4JB!49!I!LH. $ID B"M"/"L" ?"5B"A' 4JBH H E! 99!' 5FG!49HIH F5/DO 9"FD/"LD. 8!BO! "9' ")D 

>5N" /"9' F" DID)L" 4JBH  :, M"99D E"9M" FJ/H)!LH. =JBH LHP ! ' L; !>!IH, 9!BO! "9' ", 4JBH  

9:3H ,H49! H)HP :/4!)LHQH >;)! ;  9: /H ! H94H,9!  SL, DP-)D J)LH 'Q! ;I! H) E! 99!O ,DMM") J)HB 

" MD/D L;/!/L!)LH [5]. 

<! 9A")"/DM 4JBH   !9H)L! "/D)N") ?"5B"A' 4JBH H)HP R/!B!)99H4 MU "BD 9JB!)L!QH 4!I9!L! 

4J I!9H/Q!). 

= ! I 9 !  

 !"#!$% &'#()(*(2 857#7*44(& 9:)!#1 

 
K)! 4;IHO9H4 9"/L"', % Z/!B!)99H4 9"/L"', % 

Mad Aad Vdaf FCad C H N S O
*
 H/C 

RC 15,13 4,28 54,89 43,18 75,66 5,01 1,03 0,21 19,14 0,79 

RD 2,28 5,89 51,61 44,44 71,27 4,45 0,97 0,23 23,08 0,75 

DP 1,76 0,93 75,29 24,05 77,6 5,76 0,99 0,13 15,52 0,89 

SL 0,89 0,03 92,97 6,97 80,99 8,17 0,37 0,16 10,31 1,21 

 

=!I9!L!) 4J HO 59D N")DBDEL"3, SL-LHP D/N"/LDND !P 9JB!). SL >;)! DP 4JBH L!) 4:/LH/HQH 

;/L!M"3L" 9JB!), "/ RD L" 4JBH LHP 4:/LH/HQH >5N" D. SL>DP>RC>RD, H/C, SL-L! H/C 1,21-Q! >!9!LH. 

SL 9"I 4JBH L! >!PH/ ! +LH, "/ DP "'D  E"99" L" ! +LH [6]. 
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1 — 9! B5O" "; 2 — B"Q)+99H " "/"I9D ND,; 3 — Q"E B")5B!9 ; 4 — "9B5IT! "/DM 4/"O");  

5 — 959 F"IO"39D) F5/"9 I:EQH; 6 — 4/"O")  "E SL; 7 —  !E! 6'" ; a — RD; b — DP; c — SL 

1-I' !9. 7OO" "99DP O +)V+O9H4 IA!B"ID 

8;>H +F! 1-I' !99! 4J I!9H/Q!) 0,5 / >5N" D 9!BO! "9' "/D M5)LD NDL" >"I"/DO, >5N" D 

MDIDBL",  !"4V+S M"E")LDM 9:FH)L!, I:EQH)HP I"PD/"'D)DP L+"B!9 H 1 BB, M">!99H BJ/,! L! 4JBH  

9:3H ,H49! H) M"E")LDMM" I"/DO, 5N") 300 B/ ! H94H, M5I"LD. W"MO"ND) >"OM"))") 4!3H) F"S' N2-O!) 

0,5 0[a-N" L!3H) 95/9D "BDE. 7'" >HF! HO, M"/DO9D MDIDBN" L!3H) >!94HEHO, 5ID/"3 3  !9 

M"39"/"3BDE. \,H)! Q"E 95/N"))") 4!3H), " "/"I9D ND, 9!9HQH F"ID/"LD L" 9!BO! "9' " 350 º* L!3H) 

>5N" /"9D/"LD. 8!BO! "9' ")D 3 º* 4J9! ! 59D DO, M">!99H 9!BO! "9' "N" L!3H) >!94HE!BHE. 

8U "M9D 9!BO! "9' "L" 60 B+) '"MD99" FU ")L")D ",DO, ! H94H, >;)! J)HB M"E"))DP H,H)! MDIDB 

" MD/D I:EQH, O!) DLDIM" F" "LD. $)DP ID 9MD M"FD I'D9MD, I' " MD/D FJ/B! 9!BO! "9' "ID)" 

L!3H) I'D9D/"LD. W"/LDM E"99"  I:EQH,9HP F!9H)L! M"E")LDM9DP H,H)L! M"/DO M5SLD. W"E")LDM9DP 

H,H)L! M"/DO M53N") J)HB >;)! M"/LDM RD M"/LDM L!O "9"/"LD. W"FD/L"ND, DLDI H,H)L!QH FJ/B! 

9!BO! "9' "ID)L" ! H94H,9!QH ! HQ!) M"/LDM SL ! HQH, L!O "9"/"LD, 4JBH LHP J)HB "/' 

9!BO! "9' "ID)L" ! HB!39H) J)HB ! HB!39H) DP M"/LDND L!O "9"/"LD. 2U/ 4JBH LHP 5P"3/DMO!) ! +3 

M53B"39D) FJ/HQH, M"E")LDM9D ",DO, RD M"/LDND) "/"BDE. W"FD/L"ND, DLDI H,H)L!QH J)HBLH "/DO, 

DP ! H94H,H) FJ/HO "/"LD. ( H94H, O!) SL-LHP M5IO"ID) "3)"/B"/D F'/")LD ' "OO" "9DB!) FJ/HO 

"/DO, ! H94H,9H FJ/!4 >+)"O "/"BDE. ], M"99D E"99D 4!O9H QH, O!, H,H)! I"/DO 120–140 º*
 

9!BO! "9' "L" 12 I"N"9M" M5^ 4! !4 [7]. 

(4H 9: /H R4I9 "49 J)HBL! LHP BJ/,! H) !I!O9!' 9;IH/H: 

 

SL
SL

RC ad d

100 %;
(1 )

WY
W M A

 !
 " "

 DP
DP

RC ad d

100 %
(1 )

W
Y

W M A
!  

 " "

, 

BU)L"ND YSL, YDP — J)LH ' BJ/,! H; WSL, WDP — 4!O9H Q!))!) 4!3H)QH B"II"ID; WRC — 4JBH LHP 

4J/!BH; Mad, Ad — D/N"/ 4JBH B!) 4:/LHP B"II"ID. 

=JBH LH M5I' BJ/,! H)HP DP >;)! SL J)HB BJ/,! H)! ;I! H 300 B/ 9!9 "/+) ! 9H)LHIH)! 10, 20, 

30, 40 >;)! 50 Q-L"ND 20–40 )B J/,!BL! 4JBH  M5ID/"LD. 350 ºC 9!BO! "9' "L" 60 B+) F53D 

MDELD D/"LD. 

=JBH LHP M5I' BJ/,! H DP B!) SL J)HB BJ/,! H)! ;I! H 2-I' !99! 4J I!9H/Q!). $)L" 4J I!9H/-

Q!)L!3, 4JBH LHP M5ID/' BJ/,! H " 9M") I"3D), DP J)HB BJ/,! H 7,66 %-L") 17,64 % L!3H) >!9!LH, "/ 

SL-LHP J)HB BJ/,! H 9JB!)L!3LH. =JBH  J)LH ' F" DID)L" >!PH/ J)HB "'D  J)HB)HP ! 'H)! 

4JB!49!I!LH, BU)L" 4JBH LHP BJ/,! H 10 Q-)") 50 Q-N" L!3H) >!94HE!LH. 

DP J)HBL! H) J)LH ' O"3L"/D, I!F!FH DP J)HB BJ/,! H FH 9!-FH 9! >5N" D/"3LD. SL J)HB 

F" DID)L" O5/+B! /!' O"3L" F5/' B:B4H), I5/ I!F!O9H J)HB J)LH ' L!PQ!3H 9JB!)L!3LH. 

@+0A+!4-)!4$3B DP 0+$ SL 8$.0 08=1+!.$+ C,+!.. 300 B/ F"I9"OMD  !"Q!)99!   !9H)L! 9!9 "/+) 

! H94H,H, 20–40 )B 20 Q 4JBH  "/D)"LD (3-I' .). 
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2-I' !9. =JBH LH 45I' BJ/,! H)HP J)HB  

BJ/,! H)! ;I! H 

3-I' !9. 8!BO! "9' ")DP DP B!) SL J)HB  

BJ/,! H)! ;I! H 

3-I' !99!) 4J HO 59D N")DBDEL"3, 9!BO! "9' " " 9M") I"3D) DP >;)! SL J)HB BJ/,! H JI!LH, 

9!BO! "9' " 375–400 º* 4!EH)L! SL-LHP J)HB BJ/,! H JEQ! ! F"I9"3LD, I!F!FH 9!BO! "9' ")DP 

>5N" /"'D ;I!  !9!LH. =JBH  " "ID)L"ND UI"M B5/!4'/"/"  >;)! UI"M O!) H H B5/!4'/"/"  " "ID)L" 

JE" " ; !4!99!I' 9JB!)L!3LH. $ID/"3," UI"M B5/!4'/"/"  4JBH LHP MU D/DID) 9JB!)L!9HO, UI"M 

B5/!4'/")DP ! HQH,9HQH " 9"LD. 8!BO! "9' " 375 º* >5N" /"N")L" 4JBH LHP O+ 5/+EH F"I9"/"LD. 2U/ 

B5/!4'/"/"  " "ID)L"ND 4:,9H ;/IH !9HO M53B"3, 6"/!)99HQH JEQ! HO, 4JO9!Q!) UI"M B5/!4'/"/"  

! +LH. DP J)HB BJ/,! H 300 º*-9") 350 º* " "/DND)L" >D/L"B JI!LH, 9!BO! "9' " >5N" D/"3LD. 

?80.! D8=1+9-+!;.B DP EC$+ SL 8$.0 08=1+!.$+ C,+!.. 300 B/ DLDIM"  !"Q!)99!   !9H)L! 

9!9 "/+) ! H94H,H, ?"5B"A' 4JBH H)!) 20 Q FJ/,!49! LHP BJ/,! H 20–40, 100–120 >;)! 180–200 )B 

F5/"LD. 350 º* 9!BO! "9' "L" 60 B+) MDELD D/"LD. =JBH  FJ/,!49! LHP DP >;)! SL J)HB 

BJ/,! H)! ;I! H 4-I' !99! 4J I!9H/Q!). 

4-I' !99!) 4J HO 59D N")DBDEL"3, FJ/,!49! LHP JEQ! HIH DP >;)! SL J)HB BJ/,! H)! ;I! H "E, 

I!F!FH ?"5B"A' 4JBH H)HP I"O"ID 9JB!), 5/ >! LHP MU D/DID)DP >UBI"M F5/'D)L". 350 º* 

9!BO! "9' "L" ! H94H, 4JBH LHP I"PD/"'/" D)" !)! "/"LD. 

F! -G!=. +!.-9.1-.B DP EC$+ SL 8$.0 08=1+!.$+ C,+!.. 300 B/ DLDIM" F"I9"OMD  !"Q!)99!  

 !9H)L! 95/'5/, 9!9 "/+), 1-B!9+/)"T9"/+) ! H94H,H, FJ/,!49! LHP J/,!BH 20–40 )B F5/"9D) 20 Q 

4JBH  "/D)"LD. 7/D)N") 4JBH  350 º* 9!BO! "9' "L" 1 I"N F53D MDELD D/"LD. #  9: /H ! H94H,9HP 

DP >;)! SL J)HB BJ/,! H)! ;I! H 5-I' !99! 4J I!9H/Q!). 

 

4-I' !9. =JBH  FJ/,!49! H)HP J)HB BJ/,! H)! ;I! H 5-I' !9. #  9: /H ! H94H,9HP J)HB BJ/,! H)! ;I! H 

5-I' !99!) 4J HO 59D N")L"3, :, 9: /H ! H94H, M5/L")N"), SL-LDP J)HB BJ/,! H)!: 

1-B!9+/)"T9"/+) > 9!9 "/+) > 95/'5/, DP-LD J)HB BJ/,! H: 9!9 "/+) > 95/'5/ > 1-B!9+/)"T9"/+). 

( H94H,  !9H)L! 95/'5/LD M5/L")N") 4!EL! SL B!) DP J)HB M" MD)D 9JB!)L!3LH, I!F!FH 9!BO! "9' " 
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350 º* F5/N") 4!EL!, MDIDB 8 M[a >!9!LH. 85/'5/LDP 9!BO! "9' "ID 318,6 º*, MDIDBD 4,11 M[a 

F5/N") 4!EL! 95/'5/LDP J)HB M" MD)LD/DND J9! 9JB!) F5/"LD. ( H94H,  !9H)L! 9!9 "/+) M5/L")N") 

4!EL! SL J)HB M" MD)LD/DND 1-B!9+/)"T9"/+)Q! M" "N")L" 9JB!), "/ DP J)HB M" MD)LD/DND 

1-B!9+/)"T9"/+)Q! M" "N")L" >5N" D F5/"LD, FH "M !4H ! H94H,9! DP B!) SL-LHP J)HB L!PQ!3H UMI"I, 

I!F!FH 4JBH  O+ 5/+E  !"4V+SID)" "E U,D "3LD. 1-B!9+/)"T9"/+))DP !4H " 5B"99D I"M+)" 

MU D/DBD 9!9 "/+)Q! M" "N")L" 4JBH  J)LH ' BJ/,! H >5N" D, I5)LDM9") SL-LHP J)HB BJ/,! H 

9!9 "/+))!) >5N" D F5/"LD, "/ DP J)HB BJ/,! H 9!9 "/+)Q! M" "N")L" 9JB!). 

0U)L" ! H94H,  !9H)L! 9!9 "/+) 350 º* 9!BO! "9' "L" J)HB J)LH !LH. 

TG--4=;4). ( H94H,  !9H)L! 9!9 "/+) 350 º* 9!BO! "9' "L" J)HB J)LH !LH. RC, RD, DP >;)! SL-

LHP TG-DTG 9"/L"'D 6-I' !99! 4J I!9H/Q!). 

 

6-I' !9. 8"I 4JBH  B!) M"99D E"99DP TG-DTG L+"Q "BB"ID 

6-I' !99!) 9"I 4JBH B!) ;  9: /H J)HB)HP "'D /DND) >5N"/9'D H HL!) UI"ND)" M" "3 

5 )"/"I"LD: SL > DP > RC > RD. 7'D /DND) >5N"/9' >D/L"BLDND: 9"I 4JBH  B!) :, 9: /H M"99D 

E"99DP !P :/4!) "'D /DND) >5N"/9' >D/L"BLDND)DP ):49!IH, I;34!IH),!, 9!BO! "9' "ID FH -FH H)! 

J9! >"MD) !4!)H) 4J !BHE. SL-L! "'D /DND) >5N"/9' >D/L"BLDND 300 º*
 
9!BO! "9' "

 
"3)"/"ID)L" 

!P >5N" D ):49!L! F5/"LD, FUL") UI"M FJ/,!49! LHP F'/")'D F"3M"/"LD. 

DTG F!3)!/!)Q!) 6-I' !99! 4JBH  J)HBH 350 º*
 
9!BO! "9' "L" O+ 5/+E  !"4V+SID)" 9:IO!3LH, 

I5)LDM9") SL B!) DP M"99D FJ/H)F!39H) E"9 F5/DO 9"FD/"LD. 

1)T "MDED/ 9"/L"' F53D)," (7-I' .) 95/MD) UED)LDND 3000–3750 IB
–1

 " "/DND)L" 

Q+L 54I+/_LH T')4V+5)"/LDM 95FD) 4J I!9!LH: SL > RC > DP > RD. 

 

4000 3500 3000 2500 2000 1500 1000 500

 

Wavenumber/cm
-1

RC

RD

DP

SL

 

7-I' !9. 8"I 4JBH  B!) M"99D E"99DP TG-DTG L+"Q "BB"ID 

85/MD) UED)LDND 2800–2950 IB
–1

 F5/N") 4!EL!
 
B"3/D 4JBH I'9!QH) 4J I!9!LH: SL > DP > RC > 

> RD F5/"LD. SL >;)! DP-)DP 9"I 4JBH LHP BJ/,! H >5N" D F5/"9D)D) 4J 'Q! F5/"LD, "/ RD 

H,H)L!QH B"3/D 4JBH I'9!QH)HP BJ/,! H 4JBH  BJ/,! H)!) 9JB!) F5/"LD. 85/MD) UED)LDND 1600 IB
–1

 

F5/N") 4!EL! " 5B"99D I"M+)" MU D/DID) 4J I!9!LH: RC > RD > DP > SL. 
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K)HBLH MDELD N") 4!EL! 4JBH LHP H,H)L!QH Q+L 54I+/_LH T')4V+5)"/LDM E"9 O!) B"3/D 

4JBH I'9!4 SL B!) DP " "ID)L" I"M9"/"LD. =JBH LHP 4:/H RD-N" I"M9"/"LD. ], 9: /H M"99D E"99DP 

F'/")'D RC-L") 9JB!) !4!)H) 4J 'Q! F5/"LD. 

2:!3-3$;3. ( H94H, 4J/!BH 9U "M9D F5/N") 4!EL! 4JBH LHP M5ID/' BJ/,! H >5N" /"N") I"3D) 

DP J)LH ' L!PQ!3H U/N"SLD, SL L!PQ!3H "EL"O 9JB!)L!3LH. 8!BO! "9' " 375 º*-9") >5N" D F5/N")L" 

O+ 5/+E  !"4V+S/" D)" 9:I!LH, );9+>!IH)L! SL J)HB 4J I!94H,H M" MD)LD JI!LH. 2J/,!49! LHP 

J)LH 'H M" MD)D "E"SLD. ( H94H,  !9H)L! 9!9 "/+) B!) 1-B!9+/)"T9"/+) M5/L")N") 4!EL! DP >;)! SL 

>"/OD J)LH ' >:3!IH UMI"I, 5/" LDP ! H94H, M" MD)LD/DND 95/'5/L") L" >5N" D F5/LD. 

K)HBLH MDELD N") 4!EL! 4JBH LHP H,H)L!QH Q+L 54I+/_LH T')4V+5)"/LDM E"9 O!) B"3/D 

4JBH I'9!4 SL B!) DP " "ID)L" I"M9"/"LD. =JBH LHP 4:/H RD-L" I"M9"/"LD. ], 9: /H M"99D E"99DP 

F'/")'D RC-L") 9JB!). 
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$FG!495B +II/!L56")+S S6/S!9IS 'Q5/_ ?"5B"A'. * O5B5b_^ 'I9")5654 O! ! "F594+ O + 6DI5453 

9!BO! "9' ! + L"6/!)++ 'Q5/_  "E/"Q"!9IS )" 9 + Y"I9+: 5I9"95Y)"S Y"I9_ — Rd,  "I965 +B"S — SL + 
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45/+Y!I965 DP + SL. c I9"9_! O +6!L!)D  "E/+Y)D! B!95LD +II/!L56")+S, 9"4+! 4"4 R/!B!)9)D3 + 

Q "6+B!9 +Y!I4+3 ")"/+E, 1=-IO!49 5I45O+S. [ + I9"F+/_)5B 5FG!B!  "I965 +9!/S O 5L'49 DP 

'6!/+Y+6"!9IS, " 5FG!B SL 'B!)_,"!9IS. [ + 9!BO! "9' ! 6D,! 375 º* )"Y+)"!9IS O+ 5/+E, 6 

 !E'/_9"9! 5F "E56")+! O 5L'49" SL +)9!)I+6)5 '6!/+Y+6"!9IS. [ + +IO5/_E56")++ 6 4"Y!I96! 
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Research of Naomaohu coal fraction processing 

Taking Naomaohu coal as research object, raw coal (RC) was divided into three solid products, which were 

residue (RD), deposit (DP) and soluble (SL), using high temperature and pressure extraction apparatus. The 

effects of the solvent-coal ratio, temperature, coal size and solvent type on the extraction yields of SL and DP 

were investigated and proximate and ultimate. TG-DTG and FTIR analysis were determined. The results 

shown that: when the dosage of solvent was certain, with the amount of coal adding, the yield of DP in-

creased, the yield of SL decreased slightly; increasing temperature promoted extraction of SL and DP, and at 

higher temperature than 375   the yield of SL increased rapidly because of large pyrolysis reaction; coal size 

had little influence on extraction; choosing tetralin and 1-MN as solvents, the total yield of SL and DP was 
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similar, which was higher than toluene. Hydroxyl substance and aliphatic hydrocarbon contents of RC were 

mainly collected in SL and DP, ash content was mostly collected in RD, the moisture content of RD, DP and 

SL was far below RC. 
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The factors influencing hydrogenation of a primary coal tar 

Due to steady increase in prices for oil, the receiving of fuel and chemical products from coal and heavy oil 

gets the practical value that can be considered as one of the perspective directions in energetics and the petro-

chemical industry of the near future. Receiving liquid fuels from firm combustible minerals is reduced to de-

struction of molecules of initial raw materials, increase in the relative content of hydrogen, removal of oxy-

gen, nitrogen, sulfur and cindery mineral substances. The method of planning the experiment with use of the 

composite plan of Boxing Wilson optimum conditions of carrying out process were determined, a hydrogena-

tion of fraction of primary coal tar to 175 °C. It was established the influence of various factors, such as the 

process course temperature, reaction time, pressure of hydrogen and number of the added catalyst. The re-

gression equation is calculated, the importance of the equation is estimated by parametrical criteria of statis-

tics (Student and Fischer's criterion). It is defined that degree of a hydrogenation of fraction of primary coal 

tar from the end of boiling at 175 ºC rises with increase in temperature, duration and the maintenance of the 

added catalyst. It is established that the most optimum temperature of hydrogenation processes 420 °C, the in-

itial pressure of hydrogen is 3,0 MPa and duration of carrying out process is 60 min. 

Key words: hydrogenation, fraction of primary coal tar, temperature, hydrogen pressure, Nano catalyst. 

 

A large number of experimental tasks in chemistry and chemical technology are formulated as extreme 

tasks: definition of optimum conditions of process, optimum structure of compositions, etc. Due to an opti-

mum arrangement of points in factorial space and to linear transformation of coordinates, it is possible to 

overcome disadvantages of the classical regression analysis, in particular the correlation between coefficients 

of regression. 

Planning of experiment allows varying all factors at the same time and allows receiving quantitative as-

sessment of the main effects and the effects of interaction. 

In works [1–3] the hydrogenation of model objects in the presence of the synthesized Nano dimensional 

catalysts on the basis of iron oxide is considered. It is established that the Nano catalyst Fe3O4 shows high 

activity and selectivity in comparison with other synthesized catalysts (d-Fe$O? and Fe2O3) [4]. 

In the process of a hydrogenation of heavy hydro carbonic raw materials the main objective is an in-

crease in an exit of liquid products due to transition of hydrogen to reactionary mix [5]. Various solvents, 

fractions of coal tar, oil products, high-viscosity oil and its fractions can act as the donor of hydrogen. Ther-

modynamic calculations allow establishing optimum degree of a saturation of donors molecules by hydro-

gen [6]. 

Experimental 

Studying the process of a hydrogenation of high-molecular substances with their transformation in low-

molecular [7] shows that this process depends on a number of factors including the main ones: pressure, 

temperature, heating duration at an experience temperature, the speed of heating and catalysts. 

In this work the method of planning of multiple-factor experiments is applied to definition of optimum 

conditions of a hydrogenation of fraction of primary coal tar in the presence of the Nano catalyst [8]. During 

planning complete factorial experiment all possible combinations of factors are realizes at all chosen levels. 

The necessary number of N experiences is determined by a formula: 

 N = 2k 
+ 2k + n, 

where n — number of levels; k — number of factors. 

As factors on which depends, process of a hydrogenation of fraction of the primary coal tar (PCT), the 

following ones are chosen: z1 — temperature,#C; z2 — duration of hydrogenation process, min.; z3 — num-

ber of the catalyst added to PCT fraction, %; z4 — the initial pressure of hydrogen, MPa. 
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Results and discussion 

Because the analysis of parametrical sensitivity of process was an objective in this research, the orthog-

onal plan of the second order was chosen as the plan of experiment, providing equality to zero all covari-

ance’s between coefficients in the regression equation. Coordinates of the center plan, intervals of a variation 

and levels of research are specified in Table 1. 

T a b l e  1  

Levels of the studied factors 

 Z! Z  Z! Z" 

Zj# 400 50 0,2 1,5 

 Zj 20 10 0,1 0,5 

1 420 60 0,3 2,0 

–1 380 40 0,1 1,0 

1,61 440 70 0,35 2,5 

–1,61 360 30 0,05 0,5 

 

The orthogonal plan of a matrix of the experiment is presented in Table 2. 

T a b l e  2  

The plan of the matrix experiment fraction of PCT hydrogenation 

! experience x0 x1 x2 x3 x4 y 

1 1 –1 –1 –1 –1 78,50 

2 1 –1 0 0 0 77,00 

3 1 –1 1 1 1 74,95 

4 1 0 –1 0 1 79,60 

5 1 0 0 1 –1 61,40 

6 1 0 1 –1 0 69,40 

7 1 1 –1 –1 1 77,30 

8 1 1 0 0 –1 78,35 

9 1 1 1 1 0 79,05 

10 1 –1 –1 1 –1 73,75 

11 1 –1 0 –1 0 77,10 

12 1 –1 1 0 1 84,25 

13 1 0 –1 1 0 76,55 

14 1 0 0 –1 1 79,80 

15 1 0 1 0 –1 82,60 

16 1 1 –1 0 0 87,00 

17 1 1 0 1 1 71,55 

18 1 1 1 –1 –1 77,85 

19 1 –1 1 –1 –1 73,75 

20 1 1,61 0 0 0 91,03 

21 1 –1,61 0 0 0 63,31 

22 1 0 1,61 0 0 79,65 

23 1 0 –1,61 0 0 51,73 

24 1 0 0 1,61 0 90,78 

25 1 0 0 –1,61 0 52,57 

26 1 0 0 0 1,61 69,40 

27 1 0 0 0 –1,61 61,40 

—————— 

Where   — extent of the extraction of liquid products, %.  

Plan parameters: k — 4; n0 — 3; " — 1,61; number of levels N — 27. 
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Thanks to orthogonality of a matrix the planning all regression coefficients are determined independent-

ly from each other by a formula: 

 1
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j N
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x y
b

x

 

 

 
!

!
. 

According to the results of experiments regression coefficients and their error are calculated: 

b0  = 75,02 b1  = 2,05 b2  = 4,07 

b3  = –4,14 b4  = –1,65 b11 = 47,86 

b12  = –3,15 b13 = –5,05 b14 = 2,12 

b21  = –3,15 b22 = 43,79 b23 = –2,19 

b24  = –2,84 b31 = –0,18 b32 = –2,20 

b33  = 45,82 b34 = 3,01 b41 = 2,12 

b42  = –2,84 b43 = 3,01 b44 = 43,00 

b1234  = –0,01      

The significance of the equation coefficients regression is estimated by Student's test according to the 

formula: 

 /
jj j bt b s . 

Where jb  — regression equation coefficient; 
jbs  — average square deviation the j of coefficient. 

t0  = 167,66 t1  = 4,58 t2  = 9,09 

t3  = –9,25 t4  = –3,66 t11  = 106,96 

t12  = –7,04 t13  = –11,29 t14  = 4,74 

t21  = –7,04 t22  = 97,86 t23  = –4,89 

t24  = –6,35 t31  = –4,04 t32  = –4,92 

t33  = 102,4 t34  = 6,73 t41  = 4,74 

t42  = –6,35 t43  = 6,73 t44  = 96,1 

t1234  = –0,02     

Tabular criterion value of Student for the importance equation ! = 0,05 and numbers of degrees free-

dom of f = n0 – 1 = 2; tp(f) = 4,3. 

Thus, the coefficients b3, b4, b12, b13, b21, b23, b24, b31, b32, b42, b1234 aren't significant and they should be 

excluded from the regression equation. After an exclusion of insignificant coefficients the equation of regres-

sion is: 

 1 2 1 4 3 4 4 1 4 3
ˆ 75,02 2,05 4,07 2,12 3,01 2,12 3,01y " " " " " " " " " " " " " " " " . 

In order to check the importance of coefficients of regression and adequacy of the equation parallel ex-

periences were conducted in addition. Dispersion of reproducibility is counted by three experiences in the 

center of the plan: 

 

3 0

0 1ˆ 81,33
3

uu
y

y    
!

, 

where  1 = 79,8 %; 

  2 = 81 %; 

  3 = 83,2 %; 

  u = 244 %. 

The checking of adequacy of the received equation was carried out by Fischer's criterion: 

 
2

2

#$%

&#$'!

s
F

s
 . 

Dependences of influence of various factors (process temperature, duration of hydrogenation process, 

number of the catalyst added to PCT fraction and the initial pressure of hydrogen) upon process of a hydro 

up classing of PCT fraction are presented in Figures 1–4. 
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K)+3F0P33 Q<0*P33 2)<-3W+,1 *09)++,GK,?R+,1 (9,?C @, 175 º7. O(:0+,-?)+, -?3I+3) <0F?3W+C8 

Q0*:,<,-, :0*38 *0* :)92)<0:G<0 2<,:)*0+3I 2<,P)((0, -<)9I 2<,:)*0+3I <)0*P33, @0-?)+3) -,@,<,@0 

3 *,?3W)(:-, @,B0-?I)9,K, *0:0?3F0:,<0. #0((W3:0+, G<0-+)+3) <)K<)((33, F+0W39,(:R G<0-+)+3I 

,P)+)+0 20<09):<3W)(*393 *<3:)<3I93 (:0:3(:3*3 (*<3:)<31 7:R'@)+:0 3 S3L)<0). Y2<)@)?)+,, W:, 

(:)2)+R K3@<,K)+3F0P33 Q<0*P33 2)<-3W+,1 *09)++,GK,?R+,1 (9,?C ( *,+P,9 *32)+3I 175 º7 -,F-

<0(:0): ( G-)?3W)+3)9 :)92)<0:G<C, 2<,@,?63:)?R+,(:3 3 (,@)<60+3I @,B0-?I)9,K, *0:0?3F0:,<0. 

O(:0+,-?)+,, W:, +03B,?)) ,2:390?R+0I :)92)<0:G<0 2<,:)*0+3I 2<,P)((0 K3@<,K)+3F0P33 (,(:0-?I): 

420 º7, +0W0?R+,) @0-?)+3) -,@,<,@0 3,0 $U0 3 2<,@,?63:)?R+,(:R 2<,-)@)+3I 2<,P)((0 60 93+. 
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Research of pre-oxidation property of catalytic and mesoporous adsorbent coal 

Object of research — coal from Xinjiang Shuixigou prepared activated carbon by adding catalyst and the use 

of pre-oxidation. Research results shows that the pore size of the activated carbon was 8.55 nm, the specific 

surface area was 311.89 m2/g and the iodine adsorption value was 332.13 mg/g. After adding the urea, the 

nickel nitrate and the iron nitrate, the specific surface area of activated carbon were increased respectively 1.7 

times, 1.9 times, 1.7 times. And the iodine adsorption value is increased respectively 2.6 folds, 1.9 folds, 1.9 

folds. After adding the ammonium nitrate, the pore size of activated carbon had a significant increase, reach-

ing 16.34 nm. After the air pre-oxidation, the specific surface area of activated carbon increased 2.2 times and 

the iodine adsorption value increased 1.7 times. Research results indicated that it can improve the specific 

surface area and adsorptive property of activated carbon by adding catalyst and the use of air pre-oxidation. 

The ammonium nitrate is contributed to forming the mesopore of the activated carbon. 

Key words: coal, catalyst, pre-oxidation, Adsorbent coal, urea, nickel nitrate, iron nitrate. 

 

Today, due to increased demand and the widespread use of adsorbent coal its production development 

grows. Since the adsorbent coal is porous, it is often used as absorber [1]. The adsorption capacity of adsor-

bent coal is dependent on the relative surface area and pore size, and therefore now calculate the surface area 

and pore diameter of the adsorbent coal has become an object of study [2, 3]. According to literary data 

[4, 5], the effect of the catalyst on the surface area of the adsorbent coal is high. The diameter of the pore and 

structure the main factor affecting to the adsorption property of the adsorbent coal [6]. 

According to international standards, the activated charcoal is divided into small pore (d <2 nm), medi-

um porous (2 nm < d <50 nm) and macroporous (d > 50nm). Now, using traditional methods of production 

of medium porous adsorbent coal to create problems of less relative surface area, which affects to the 

absorption properties of adsorbent coal. At large porous carbon processing by adding the metal compounds 

can be prepared medium porous adsorbent coal with larger relative surface area. It is possible to obtain coal 

with different pore diameters with pre-oxidation. With pre-oxidation is possible to obtain coal with different 

pore diameters. It is possible to increase the absorption properties of the coal, therefore using as raw material 

Shuixigou coal, using pre-oxidation in presence of catalysts, using two methods it is possible to improve ad-

sorption properties and increase surface area of adsorbent coal. According to literary source [7], coal ash de-

creases till 5 %, evaporation is 25–40 %, humidity goes down to 10 %. 

T a b l e  

Analysis data of Shuixigou carbon 

 Industrial analysis, % Element analysis, % 

Shuixigou 

coal/carbon 

Mad Ad Vdaf Cd Hd Od Nd St, d 

5.42 2.35 34.15 78.52 4.42 13.59 0.84 0.30 

 

According to the Table Shuixigou coal has low ash content, evaporation and humidity, it is good for in-

creasing content of carbon. 

Discussion of catalyst influence to adsorbent coal: 

1. Without catalyst. 

2. Adding NH4NO3. 

3. CO(NH2)2. 

4. Ni(NO3) 2·6H2O. 

5. Fe(NO3)3·9H2O. 

Figure 1 shows the effect of adsorbent coal on iodine adsorption. 
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According to the figure 1 after adding catalyst carbon iodine adsorption is increasing. At 1 — number 

value of carbon iodine adsorption is 332.13 mg/g. At numbers 2, 3, 4 and 5 value of carbon iodine adsorption 

is reaching 432.31 mg/g, 878.34 mg/g, 634.45 mg/g and 616.97 mg/g, along with it after adding of catalyst 

value of carbon iodine adsorption reaches to its increasing limit. So we can see adding of catalyst is profita-

bly for growth of carbon iodine adsorption value. 

The effect of the catalyst on the amount of product. Figure 2 illustrates that at 3, 4, 5 numbers amount 

of adsorbent coal product is higher than carbon without catalyst, at number 4 amount of product is 15.2 %, at 

number 2 amount product of adsorbent coal is the lowest, it is 7 %. Also with the addition of various cata-

lysts adsorbent coal adsorption is different, and the product of adsorbent coal is of poor quality. Adding these 

catalysts CO(NH2)2, Ni(NO3)2·6H2O, Fe(NO3)3·9H2O decreases burning of coal, and amout of product of 

adsorbent coal increases, but adding NH4NO3 as catalyst increases burning of coal, and amout of product of 

adsorbent coal decreases. 

 

Figure 1. Effect of adsorbent coal  

on iodine adsorption 

Figure 2. Effect of the catalyst  

on the amount of product 

The effect of catalyst to carbon pore size. According to the Figure 3 pore of carbon is 8.55 nm, volume 

of pore is 667 sm
3
/g, at 3, 4, 5 numbers pore of carbon doesn’t change, but volume increases. At number 2 

the pore of carbon growths until 16.34 nm. So with ammonium nitrate catalyst mesopore of carbon is 

formed. 

The effect of catalyst to surface area and microporous area of carbon. Figure 4 shows the effect of cata-

lyst on adsorbent coal surface area and microporous area of carbon. 

 

 

Figure 3. The effect of catalyst  

on adsorbent coal pore size 

Figure 4. The effect of catalyst on adsorbent coal surface 

area and microporous area of carbon 

According to the Figure 4, at number 1 surface area of carbon is low, after adding catalyst it increases. 

At 3, 4, 5 numbers surface areas of adsorbent coal are 529.94 mg/g, 580.71 mg/g, and 519.33 mg/g, and at 3 

and 4 numbers pore area of carbon is the largest. It is 410.20 mg/g, 527.21 mg/g, so adding urea, nickel ni-

trate, iron nitrate contributes to improving of surface area of adsorbent coal. 

Research and analysis of pre-oxidation of mezoporous adsorbent coal 

1. Oxidation with air: Shuixigou coal is pyrolised with heating it until 200 º7, after it is oxidized with 

air 2 hours and carbonized, after absorbent coal is taken. 
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2. Oxidation with HNO3: Shuixigou coal and HNO3 solution are poured in flask, filtered, washed and 

dried, after it is carbonized and absorbent coal is produced. 

Figure 5 shows effect of pre-oxidation on iodine adsorption. According to the Figure 5, adsorption of 

iodine by iodine in sample 2 is the highest, it averages to 562.35 mg/g, but in sample 3 it is lowest, it averag-

es to 279.14 mg/g. Value of adsorption of iodine shows adsorbent properties of adsorbent coal, so the more 

iodine is adsorbed the better the adsorbent properties of adsorbent coal. That’s why oxidation with air im-

proves its adsorbent properties. 

Figure 6 shows effect of pre-oxidation to its product amount. According to the Figure 6, in samples 1 

and 2 the amount of adsorbent coal product doesn’t change, but in sample the amount of product is lowest, it 

is only 4.3 %. At oxidation of coal with HNO3, quantity of oxygen rises, properties improves, temperature of 

activation is decreases, also porosity increases. At oxidation with HNO3 yield of coal product is decreases. 

 

Figure 5. Effect of pre-oxidation  

on iodine adsorption 

Figure 6. Effect of pre-oxidation  

on its product amount 

Figure 7 shows effect of pore volume on the adsorbent coal. According to the Figure 7, in comparison 

with sample 1, in sample 2 the pore size doesn’t change, but in sample 3 pore size of adsorbent coal is big, it 

is 18,34 nm. 

Surface area and micropore area of pre-oxidized adsorbent coal: as it shown in Figure 8, sample 2 has 

the biggest surface area about 695.98 mg/g, in number 3 surface area is the least, it is 280.13 m
2
/g. 

 

Figure 7. Effect of pore volume  

on the adsorbent coal 

Figure 8. Surface area and micropore area  

of oxidized adsorbent coal 

Conclusion 

1. Mezoporous adsorbent coal from Shuixigou coal was gotten, its surface area isn’t big, but after 

adding CO(NH2)2, Ni(NO3)2·6H2 , Fe(NO3)3·9H2O as catalysts surface area achieves 1.7, 1.9, 1.7 particles, 

and iodine adsorption increases till 2.6, 1.9, 1,9, so catalysts make surface area of adsorbent coal bigger and 

improves its adsorbent properties. 

2. Adding NH4NO3 rises the porous of adsorbent coal, which riches 16.34 nm. 
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Evaluation of sorption properties of «sodium oleate – sulfhydryl collectors»  

mixtures on copper-lead ore samples 

The kinetic and thermodynamic parameters of the sorption process for mixtures of oxy-hydryl and sulf-hydryl 

collectors on the Ayak-Kodzhan deposit ore samples were determined in this paper. An analysis of sorption 

isotherms oxy-hydryls and sulfhydryls howed a tendency to the formation of the adsorption layer is not the 

entire surface of the particles. Preferably in the micropores (macro and mesopores), energy interaction 

«adsorbate-adsorbent» is defined as the structure of the adsorbent and adsorbate structure (sulfur — and oxy-

gen-collectors), and hence, value of parachor and molear volume. 

Key words: oxy-hydryl and sulfhydryl collectors, sodium oleate, adsorption, Gibbs energy of adsorption, 

adsorbate, molar volume, sorption isotherms, thermodynamic parameters. 

 

Introduction 

Currently, the mining and metallurgical cluster in connection with the depletion of the main large de-

posits of ore minerals at the fore front enhancement processing refractory materials that require the use of 

new technological methods and reagent modes [1]. Consequently, the current is the assessment of the sorp-

tion properties of mixtures reagents that are individually able to allow to extract minerals containing hard 

and soft cations. 

Experimental 

According to elemental analysis of Ayak-Kodzhan deposit ore is mixed (oxydized and sulfide). The 

main useful component is copper, is essential as lead, and from impurities — molybdenum, titanium, present 

in minor amounts any cadmium, nickel and manganese. From the data of X-ray analysis shows that Ayak-

Kodzhan deposits ore represented mainly chalcocite, galena, cuprite, pyrite and gangue — silica, aluminum 

silicates. Elemental analysis was performed on the ore grade instrument (Spektrolab) and X-ray analysis was 

performed X-ray diffractometer (XRD-7000 Shimadzu). 

Working solutions of collectors mixtures (in a ratio of 1: 1 for two-component, in a ratio of 1:1:1 ter-

nary mixture) were prepared by diluting the concentrated solutions of the individual collectors to a concen-

tration of 10
–4

 mole·l
-1

. Determination sorption properties of collector’s mixtures surface polymetallic Ayak-

Kodzhan deposit ore is carried out according to the method described in [2]. 

Adsorption equilibrium constants were calculated by the formula 

 M
L M

L

V
C C

V
 , (1) 

where LC  and  MC  are respectively, the concentration of the ligand and metal; LV , MV  — are their volumes. 

Adsorption values are calculated according to the equation: 

 
! "0 pC C V

A
m

#
 , (2) 

where C0, Cp — are the initial and the equilibrium concentration of the individual collectors in mole·l
-1
;  

V  — is the volume of individual collectors in which the adsorption process, ml; m — amount of adsorbent, g. 

 1lg lg lg pA K C
n

 $ . (3) 

lg A and  pC  values determine the constants of Freundlich – Bedekker´sequation (3) or the graphical method 

of least squares. 

Results and discussion 

The energy characteristics the sorption of sodium oleate, and other phosphorus collectors based on the 
adsorption data for potassium butyl xanthate and sodium dibutyldithiophosphates were calculated (Table 1). 



Sh.K.Amerkhanova, R.M.Shlyapov et al. 

50 %&'()!* +,-,.,)/!)'*0.0 1)!2&-'!(&(, 

T a b l e  1  

The sorption characteristics of sulfur and oxygen containing collectors for Ayak-Kodzhan deposit ore 

Collector Cs, M 
am, 

mole / g 

Ea, 

kJ·mole
-1

 

Vn, 

cm
3
 / g 

P, g
1/4

·Gm
3
· 

·s
1/2

·mole
-1

 
lgKs 

–WGads, 

kJ·mole
-1

 

C4H9OCS2K 5.32 1.21 8.568 204.72 1144 2.44 13.92 

(C4H9O)2PS2Na 2.72 1.64 9.590 271.05 1046 2.09 11.93 

C17H35COONa 0.17 1.60 7.838 276.77 1280 3.11 17.75 

(C4H9O)2PS2NH4 2.69 1.47 4.508 249.19 601.7 8.92 50.9 

(i-C8H17O)2PS2Na 1.99 1.64 10.15 278.21 1354.21 1.95 11.13 

(i-C8H17O)2PS2NH4 1.96 1.57 6.815 266.49 909.7 4.06 23.17 

(i-C4H9O)(iC8H17O)PS2NH4 1.87 1.53 5.634 259.27 752.1 5.84 33.32 

(i-C4H9O)(iC8H17O)PS2Na 1.78 1.61 8.010 271.75 1196.62 3.00 17.12 

 

Analysis of the data in Table 1 provides an indication of the capacity for adsorption is observed, which 
of sodium oleate is maximum, sodium dibutyldithiophosphates is minimum. Since, in this case, a mixture of 

collectors is sorbed (but its not individual is collector, there is a competition for the formation of a complex 
adsorption center — adsorbate). 

It is also shown that the minimum activation energy formation of a sorption complex is observed for 

ammonium dibutyldithiophosphates, and the maximum for ammonium diisooctyldithiophosphates. Conse-
quently, in the first case will be the most durable layer adjacent to the surface of the ore particles and the se-

cond layer is formed mainly of the adsorptive molecules and located at the interface between the solution-
gas, which confirms the high foaming properties of sodium diisooctyldithiophosphates. 

Further, based on the energy parameters listed in Table 1, equilibrium constants of sorption process 

diisooctyldithiophosphates collectors mixtures on the surface of the Ayak-Kodzhan deposit ore were calcu-
lated. Analysis of sorption curves (Fig. 1) showed that the mixture of sodium dibutyldithiophosphate — so-

dium oleate on the micropores was adsorbed, and for the adsorbate characterized by the formation of com-
plexes in the pores smaller than for mixtures of ammonium isooctylisobutyldithiophosphates and ammonium 

diisooctyldithiophosphates. Next, changes of adsorption values the for mixtures of sodium diisooctyl-
dithiophosphate — sodium oleate and potassium butyl xanthate — sodium oleate (Fig. 2, 3), were calculated. 
 

 

1 — sodium dibutyldithiophosphate – sodium oleate; 2 — ammonium diisooctyldithiophosphate – sodium oleate;  

3 — ammonium isooctylisobutyldithiophosphate – sodium oleate 

Figure 1. Adsorption isotherms of mixtures sulfur- and oxygen containing collectors  

on the surface of Ayak-Kodzhan deposit ore 
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Figure 2. Sorption isotherms sodium diisooctyldithiophosphate – sodium oleate on samples of copper-lead ore 

It is shown that the change in the adsorption of the adsorbate concentration in the solution can be at-
tributed the interaction of sorbate to the Langmuir type on microporous adsorbents having macro-pores in its 

structure. Typical sor mixtures potassium is sodium oleate. The specific interaction on sulfides of transition 
metals (copper in this case), and oxydation products shouwed (Fig. 3). 
 

 

Figure 3. Sorption isotherms potassium butyl xanthate – sodium oleate 

According to the BET theory convex portions of II and IV types isotherm (Langmuir adsorption) indi-
cate the presence of micropores in the sorbent, but, moreover, sorbents II and IV also have macroporosity. 

Isotherms III and V types are less common and represent a strong intermolecular interaction in the material 
sorbate. The slope of the isotherm of type I characterizes the size of the micropores of sorbents: a — ultra 
microporous, b — microporous. Isotherm IV b belongs transitional porous sorbent; IV b — homogeneous 

macroporous and IV a — with a mixed structure. The steeper the isotherm, the finer micropores. The limit 
value of such a adsorption Alim corresponds covering the surface monolayer. Concave portions indicate the 

presence of macropores [3]. 
Isotherm of monomolecular adsorption on microporous adsorbents usually takes the form shown in 

Figure 1. This curve has two straight segments — small and large values of the equilibrium concentration of 

adsorbate. As the vapor adsorption and adsorption is carried out from solutions in pores with a radius 0.5–
1.6 nm. 
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It is shown that the sorption process of a mixture is preferably at an exchange mechanism, with the 
strongest collector reacts with the active sites of the surface, while the less active or collector forms com-

plexes with metal ions of the crystal lattice, or interacts with another collector via hydrogen bonds. Those, in 
this case it is necessary to consider the change of energy in the process of breaking the bonds «adsorbent ad-
sorbent» and «adsorbate – adsorbate» and the formation of compounds «adsorbent – adsorbate» that quanti-

tatively described by the Aranovich-Tolmachev equation for monolayer adsorption. However, the sorption 
analysis data gives an indication of the presence of multiple layers of material on the surface of the ore parti-

cles. The results are shown in the Table 2. 

T a b l e  2  

The sorption characteristics for mixtures of sulfur and oxygen containing collectors  

for Ayak-Kodzhan deposit ore 

Sorbate lgK N –WGads, kJ·mole
-1

 

(C4H9O)2PS2Na – C17H33COONa 2.85 0.78 16.24 

C4H9OCS2K – C17H33COONa 8.07 0.42 46.06 

(i-C8H17O)2PS2Na – C17H33COONa 29.40 0.13 167.76 

(i-C8H17O)(i-C4H9O)PS2NH4 – C17H33COONa 10.36 0.33 59.11 

(i-C8H17O)2PS2NH4 – C17H33COONa 3.38 0.71 19.25 

C4H9OCS2K – (i-C8H17O)2PS2Na – C17H33COONa 11.36 0.26 64.84 

(i-C8H17O)(C4H9O)PS2NH4 – C4H9OCS2K – C17H33COONa 1.70 1.00 9.69 

 
From the literature [3] it is known that for a quantitative thermodynamic characteristics of adsorption is 

used to reduce the value of the standard free energy adsorption. Since dispersion forces causing physical ad-

sorption additive. A.V.Kiselev [3] reduced payment to reduce the free energy of adsorption of molecules to 
the calculation of the standard increments to reduce the free energy of adsorption, due to certain structural 

elements of the adsorbate molecules [4]. Those, under this assumption, the value of the Gibbs energy of ad-
sorption for individual collectors must contribute at adsorption mixture. It is shown that the most intensive 

process of sorption proceeds to mixture of sodium diisooctyldithiophosphate- sodium oleate, followed by a 
decrease in the sorption capacity of the mixture located potassium butyl xanthate — of sodium 
diisooctyldithiophosphate — sodium oleate, sodium oleate — potassium butyl xanthate, for other mixtures 

collectors sorption process is dynamic in nature and is associated with the occurrence of the reverse reaction 
(desorption), or the destruction of the sorption complex. 

Thus, the sorption constants of individual collectors, namely potassium butyl xanthate, sodium 
dibutyldithiophosphates higher compared with other collectors. The energy characteristics of securing pro-
cess of collectors on the surface of the ore, allowing to identify the most effective individual collector, name-

ly ammonium dibutylditiophosphate were determined. The data are interpreted in terms of the theory volume 
filling of micropores. It is possible to calculate the amount of adsorption for a mixture of collectors and de-

termine the nature of the consolidation process ore of the collectors molecules on the ore surface. The theo-
retical sorption isotherms in good agreement with the experimental data of sorption constants of Freundlich 
equation for a mixture of collectors. 
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".].6@,<?#&45#, >./.".PN45, ;./.]$<B#&#.),5, 6.'.1#3D8B,345# 

@&2-'.48!2&*3& %+* A#50#+40*+ *!"4$< .#+!"& ,+* 2/#>B5$34$#>30  

'.2=!#!4 ($*!8&C"!4&*&7 2.41D$?#&' '!2$+""+40* 1!8!#!/ 

/#M#.#J# 6PM-_4JA#& 3,& 4<&D&DH 3,&J,<F&FH 9.KF.,<F&, 43GK)J<).RJF A:&, G$.RYK)J<).RJF 

A)&#LD*8#< M4GN#.#<D&DH G4<BO)P N<4O,GF&FH 8,<@4J)&#@)3#.DM A:&, 3)&,8)3#.DM N#<#@,8<.,<F 

#&DM8#.JD. (4<BO)P )=48,<@F&FH 8#.J#$D #JG4<BO)P.DM M#BDM8DH BI.*,38,<JFH 84.DM B,8F&J, ,@,G, 

8,3 @)3<4M$DG8#<J# (@#3<4- A:&, @,=4M$DG8#<J#) 89=F.,8F&F, «#JG4<B#8 – #JG4<B,&8» :<,3,88,G$ 

U&,<K)PGD #JG4<B,&88FH A:&, #JG4<B#8 M`<D.D@D@,& (393F<8 A:&, 488,KF B#< A)&#LD*8#<@,&), PL&) 

N#<#?4< A:&, @4.RJF3 3I.,@@,&, #&DM8#.#8D&D 3I<G,8F.JF. 

 

".].6@,<?#&45#, >./.".PN45, ;./.]$<B#&#.),5, 6.'.1#3D8B,345# 

ED+*%! 2.41D$.**&F 2;.<2"; 2,+2$ .#+!"! *!"4$? $ 2/#>B5$34$#>*&F 

2.1$4!"+#+< *! .14!-D!F ,+3*.-2;$*D.;.< 4/3& 

\ G8#8R, 4N<,J,.,&D 3)&,8)Q,G3), ) 8,<@4J)&#@)Q,G3), N#<#@,8<D N<4O,GG# G4<BO)) J.P G@,G,2 

43GK)J<).R&D? ) G$.RYK)J<).R&D? G4B)<#8,.,2 &# 4B<#=O#? <$JD @,G84<4AJ,&)P 6P3-]4JA#&. 6&#-

.)= )=48,<@ G4<BO)) N43#=#. G3.4&&4G8R 3 4B<#=45#&)V #JG4<BO)4&&4K4 G.4P &, &# 5G,2 N45,<?&4G8) 

Q#G8)O, # N<,)@$T,G85,&&4 5 @)3<4N4<#? (@#3<4- ) @,=4N4<#?), U&,<K,8)3# 5=#)@4J,2G85)2 «#JG4<B#8 

– #JG4<B,&8» 4N<,J,.P,8GP 3#3 G8<$38$<42 #JG4<B,&8#, 8#3 ) G8<$38$<42 #JG4<B#8# (G,<4- ) 3)G.4<4J-

G4J,<A#T)? G4B)<#8,.,2), # G.,J45#8,.R&4, 5,.)Q)&42 N#<#?4<# ) @4.R&D@ 4BE,@4@. 

 
 

References 

1 Ignatkina V.A., Bocharov V.A., Khachatryan L.S., Baatarhuu B. Gorny zhurnal, 2007, 7, p. 321–329. 

2 Amerkhanova Sh.K., Shlyapov R.M., Uali A. Sorption and chromatographic processes, 2011, 5, p. 607–614. 

3 Teryaeva T.N., Kostenko O.V., Ismagilov Z.R., Shikina N.V., Rudina N.A., Antipova V.A. Bull. of the Kuzbass State Tech-
nical University, 2013, 99, 5, p. 86–90. 

4 Koganovsky A.M., Klimenko N.A., Levchenko T.M., Marutovsky R.M., Rod# I.G. Treatment and use of wastewater in in-
dustrial water supply, Moscow: Khimiya, 1983, 288 p. 

 

 



54 %&'()!* +,-,.,)/!)'*0.0 1)!2&-'!(&(, 

a ' 631.461:631.445.24 

/. .6.8D&B,345#, b.c.74.,*45# 

E.(.F?#3& #$G"B#HG .#8GI#,#8GI I#J#I-$K,L% 3"&-5,?&$5$L, =K,%L?$#" 

(M-mail: zagira.toleshova@mail.ru) 

G.=&4!'"!8& F$,$?#&' H#+,+*""+4307 !#,! !8!C&*&7 62/0*+ )2+40 

_.6.dG#$) #8D&J#LD ^#.DM#<#.DM M#=#M-89<F3 $&)5,<G)8,8F&FH 148#&)3#.DM B#LD&DH #.@# #L#*D 

IGF<F.K,& 84ND<#LD&DH #K<4?)@)PGD =,<88,.JF. 6.@# #L#*D IGF<F.K,& 84ND<#MM# #K<4?)@)P.DM 

8#.J#$ A9<KF=F.FN, ?)@)P.DM U.,@,&88,<JFH @#GG#.DM 9.,GF #&DM8#.JD. 74ND<#M8DH M`<#@D&J#LD 40–

60 G@ 8,<,HJF38,KF ?)@)P.DM U.,@,&88,<JFH @#GG#.DM 9.,GF, %:   — 48,98; Na —0,83; Mg — 2,24; 

Al — 5,85; Si — 19,52; P — 0,07; K — 1,73; Ca — 15,49; Ti — 0,40; Fe — 4,89. /#M#.#J# 84ND<#M8DH 

?)@)P.DM M`<#@D& #&DM8#$ #<MD.D 4&DH G#N#GD @,& ?)@)P.DM 3I<G,83F*8,<F& <,88,$ 8:GF.J,<F& 

A,8F.JF<$ M#<#G8D<D.L#&. 

7L8$ ?NJB5,: 84ND<#M, #=48, GFHF<$ M#BF.,8F, <;, B,28#<#N, U.,38<4&. 

 
74ND<#M — `=#M $#MD8 A9<KF=F.K,& 39<J,.F A:&, 3,*,&JF N<4O,G8,< &:8)A,GF&J, N#2J# B4.L#& 

A:&, I=K,<$*F BF< M`BD.DG. (4. G,B,N8F ?)@)P.DM M`<#@D A:&, 3,2BF< M#B#88#<D&DH ?)@)P.DM 
M#G),88,<F& 92<,&$ 8,4<)P.DM A:&, 8:AF<)B,.F3 A#LJ#2.#<JD J`<DG *,*$K, A:<J,@ B,<,JF. 

74ND<#M8# A9<FN A#8#8D& 39<J,.F B)4.4K)P.DM, Y)=)3#-?)@)P.DM A:&, ?)@)P.DM N<4O,G8,<JFH 
#J#@=#8 M4L#@D&DH :< 89<.F 8F<*F.F3 G#.#.#<D 9*F& @:&F =4<. 7#B)L) 84ND<#M M`&#<.DLD 4.#<JDH 

M#.DN8#G$D 84ND<#M 89=$*F Y#384< :G,<F&,& B4.#JD A:&, 8#B)L) IGF@JF38,< IGF@JF.FKF@,& 
B#L#.#&#JD. eHJ,.,8F& A,<JFH M`&#<.DLD #$D. *#<$#*D.DM I&F@J,<F&FH 89GF@ 3I.,@F@,& I.*,&,JF. 

aJ,B) @:.F@,88,<J,& B,.KF.F B4.L#&J#2, IGF@JF38,<JFH &,KF=KF U.,@,&8F <,8F&J, 84ND<#M8#& #=48, 

Y4GY4<, 3#.)2, 3#.RO)2, 393F<88F GFHF<,JF [1, 2]. (FHF<$ M#BF.,8F — :< 84ND<#M8# :< 89<.F B4.#JD, 4. 
3IBF&,G, I8, `G#M BI.*,38,<JFH 3IN B4.$D&# B#2.#&DG8D 3,.,JF. (FHF<F.K,& 3#8)4&J#< 84ND<#M 

M#G),88,<F&, 8F3,.,2 :G,< ,8,JF. ]#.RO)2 3#8)4&D M#<# 84ND<#M8#<J# G$, #$# A:&, M4<,3 <,A)@F& 
M#.DN8#G8D<#JD, 84ND<#M M`<D.D@D&, B,28#<#N 4<8# A#G#$L# 3I@,38,G,JF. 

^)@)P.DM 8#.J#$L# M#<#G#M, 84ND<#M8#LD ?)@)P.DM U.,@,&88,< M`<#@D 3IN A:&, 4. BF<#= 

AD.L# A,8,JF. 6.#2J# IGF@JF38,< 9*F& U.,@,&88,<JFH @I.*,<F ,@,G 84ND<#M8#LD IGF@JF3 GFHF<$K, 
DHL#2.D Y4<@#.#<D @#HD=JD [3]. 

74ND<#M8# #=48 A,8FGN,G,, IGF@JF38FH IG$F BIK,.,JF, A#ND<#LD&DH A#GD. B4P$D I=K,<,JF, 89<.F 
B)4?)@)P.DM N<4O,G8,< I8$F B`=D.#8D&JDM8#&, ,KF& I&F@F ,J:$F< 3,@)JF. eGF@JF33, #=48 =#88#<D 
A,8FGN,28F&F&, 4.#<JDH A#ND<#LD&DH 89GF G#<L#VD&#& #N-#&DM BF.$K, B4.#JD. 74ND<#MM# #=48 ,3F 

A4.@,& 3,.,JF: 9.3,& MDGD@, :<F 3#8#.)=#84< (&#2=#L#2) M#8DG$D #<MD.D #@@)#3 N;3 89=F.FN, 
A#$D&-*#*D&@,& 89G,JF A:&, #=48 GFHF<$*F B#38,<)P.#<JDH M#8DG$D@,& *4LD<.#&#JD [4]. 

6.@# #L#*8#<D&# GFHF@JF 89<J,KF ?)@)P.DM U.,@,&88,< M`<#@D 4.#<JDH A#.ND M`<#@D&# 
M#<#L#&J# I8, #=. ',@FG #L#*8#<D&DH M#.DN8D IG$F 9*F& 3,2BF< M4<,38F3 U.,@,&88,<JF GFHF@JF 
Y4<@#J# 84ND<#MM# 8DH#28MD* <,8F&J, M4G$ 3,<,3.  &DH 8#LD BF< G,B,BF, AD. G#2D& A)&#.L#& 

I&F@@,& BF<K, ?)@)P.DM U.,@,&88,<J, 84ND<#M8#& #.D&DN, #=#PJD. dL&) #.@# #L#*D&DH M#.DN8D 
IG$F&, 3,<,3 U.,@,&88,< @I.*,<F #=#PJD. ',@FG #L#*8#<JDH I&F@F&, :G,< ,8,JF [5]. 

(4&JDM8#& #K<4?)@)P ,<,A,GF&, G:23,G 8DH#28MD* M4.J#&$ A,@FG #L#*8#<D&DH 89GF@F& A:&, 
A,< M`&#<.DLD& 3I8,<,8F& @#HD=JD 8:GF. B4.DN G#&#.#JD. 

 GDL#& 4<#2 `GD&D.DN 48D<L#& LD.D@) A`@DG8DH &,KF=KF @#MG#8D — 84ND<#M8DH ?)@)P.DM 

M`<#@D& #&DM8#$ #<MD.D 84ND<#M A:&, 8DH#28MD*8#<JDH I=#<# :<,3,88,G$ N<4O,G8,<F&J, I8, 
@#HD=JD <4. #8M#<#8D& 84ND<#M8DH &,KF=KF M#G),88,<F& A#&-A#M8D =,<88,$. 

=OPL,&Q58L% QN8L4 

_.6.dG#$) #8D&J#LD ^_7c-&FH 148#&)3#.DM B#LD&DH 84ND<#LD&DH #K<4?)@)PGD& =,<88,$ 9*F& 

B48#&)3#.DM B#M8#LD #.@# #L#*D IGF<F.K,& 84ND<#M8#& :< 89<.F 8,<,HJF38,KF GD&#@# #.DN, 
84ND<#M8DH ?)@)P.DM M`<#@D& <#G8<.F U.,38<4&JD @)3<4G34N, U&,<K4J)GN,<G8F #&#.)=#84< 
3I@,KF@,& #&DM8#JDM. >#G8<.F U.,38<4&JD @)3<4G34N8DH GD=B#-&`GM#GD 1-G$<,88, 3,.8F<F.K,&. 
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1 — 3#84J;  

2 — \,&,.R8# O).)&J<F;  

3 — #&4J;  

4, 10 — J)#Y<#K@#.#<;  

5, 6, 7 — U.,38<4@#K&)88F .)&=#.#<;  

8 — 4BE,38)5;  

9 — G8)K@#84<;  

11 — 5#3$$@JD 3#@,<#;  

12 — GD&#@#; 

13 — J,8,384<;  

14 — 843 39*,283F*;  

15 — U.,38<4&JD G:$.,.F 898F3*,; 

16 — K,&,<#84<; 

17 — 5#3$$@JD 3#@,<# 

1-G$<,8. >#G8<.F U.,38<4&JD @)3<4G34N8DH N<)&O)N)#.JD GD=B#-&`GM#GD 

f.,38<4&JD 898F3 3#84J8#& (1), \,&,.R8# O).)&J<F&,& (2) A:&, #&4J8#& (3) 8`<#JD. ]#84J 
<,8F&J, 54.RY<#@JD V-8:<F=JF, G$<,88, 3I<G,8F.K,&J,2, B`<D*8# )F.K,& GD@ M4.J#&D.#JD. ]#84J8D 
MD=JD<L#& 3,=J, 8438D 8F3,.,2 AFB,<K,&&,& U.,38<4&J#< 8,<@4U@)GG)PGD A9<,JF. f.,38<4&J#< 

3#84JN,& #&4J8DH #<#.DLD&# 4<&#.#G8D<D.L#& 3,<&,$ #<MD.D A,J,.J,8F.,JF, 4&D 1-J,& 50 3\ J,2F& 
I=K,<8$K, B4.#JD. \,&,.R8# O).)&J<F A4L#<D 3,<F N48,&O)#., U.,38<4&J#<JDH #LD@D& <,88,N 48D<$ 

9*F& M4.J#&D.#JD. f.,38<4&J#< B$J#GD 898F38,& 9* U.,38<4@#K&)88F .)&#=#.#<J#& I8,JF (5, 6, 7). 
f.,38<4&J#<JDH #LD@D&DH Y43$G)<453#GD 4GR8F G)@@,8<)PGD B#< @#K&)88F #.#H #<MD.D FG3, #G#JD. 
 . G4.,&4)J8#& 8`<#8D& U.,38<4@#K&)8 3I@,KF@,& N#2J# B4.#JD. /#K&)88F #.#H U.,38< 84KD& 

G4.,&4)J 4<#$D&#& I83F=K,& 3,=J, N#2J# B4.#JD. S4.VG8F `*8DM #<MD.D 34&O,&8<.,&FN, I8FN A#8M#& 
U.,38<4&J#< #LD@D&# :G,< ,8,JF. -)&=#&DH Y43$G8D #<#M#*DM8DLD G4.,&4)J 4<#@D&J#LD 843 39*F& 

I=K,<8, 48D<DN, BF<M#.DN8D M)@D.@,& <,88,$K, B4.#JD. '92,J, U.,38<4&J#< B$J#GD&DH 
*#*D<#@#$D& *,38,$*F ,3F J)#Y<#K@# (4, 10) B#<. 

>O$&P585,BL $#8B#3 

74ND<#M M`&#<D&# 4.#<JDH ?)@)P.DM M`<#@D J# 3IN :G,< ,8,JF. /DG#.D, M`<L#M, *I.JF 
#$J#&J#< 84ND<#LD&J# @I.*,<J,& #<8DM G$L# ,<)8F& 8`=J#< M4GD&JDGD A)F 3,=J,G,JF.  .#<JD G$@,& 

*#2DN, #<8DM 8`=J#<JD B`. 84ND<#M8#& 3,8F<@,2F&*,, 4. A,<.,<J,& A#MGD I&F@ #.D&B#2JD. 
(4&D@,& M#8#< 3,2BF< 84ND<#M8#<JDH GFHF<$ 34@N.,3G8,<F &#8<)2 3#8)4&D&# M#&DMM#& (G4<8#H) 

84ND<#M 4<8#GD&DH <,#3O)PGD GF.8F.F, 4.#<JDH Y)=)3#.DM M#G),88,<F I8, &#*#<, D.L#.D A4M 3,=J, 
M#8DN, #. D.L#. B4.L#&J# B#8B#MM# #2&#.DN M`&#<GD= B4.#JD. 

]I38,@ #2D&J# #.D&L#& 84ND<#M8DH 900 º( 8,@N,<#8$<#J# <#G8<.F U.,38<4&JD @)3<4G34N, 

U&,<K4J)GN,<G8F #&#.)=#84< 3I@,KF@,& #&DM8#.L#& ?)@)P.DM U.,@,&88FH @#GG#.DM 9.,GF 1-3,G8,, 
2-G$<,88, 3I<G,8F.K,&. 

1 - 3 , G 8 ,  

I.J.K2!/$ !"&*3!8& LIGM-*07 1."!*$%!#&' 1!8&*&7  

!#,! !8!C& 62040#5+* ".=&4!8&*&7 F$,$?#&' 'N4!,& (40–60 2, "+4+730%"+) 

f.,@,&8   Na Mg Al Si P K Ca Ti Fe 

/#GG#.DM 9.,G 48,98 0,83 2,24 5,85 19,52 0,07 1,73 15,49 0,40 4,89 
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2-G$<,8. _.6

#.@# #L#*D IGF<F.K,& 84ND<

'4L#<DJ#LD 1-3,G8,J,& 3I<F&

#. 39= #2D&J# — 0,06 %. X4GY4<

BF<K, ?)@)P.DM U.,@,&88,<, PL&) 

X4GY4< — B#<.DM 8F<F 4<K#&

5)8#@)&J,<JFH 3`<#@D&J# B4.#J

3I@F<MD*MD. K#=D& GFHF<, #.@#2

M#<# J#M N#2J# B4.DN, A,@FG #

84ND<#MM# ,&KF=$ #<3D.D #.D&#8D

6.@#.#<JDH ?)@)P.DM M`<#

NFGFN-A,8F.$ J:<,A,GF&,, IGF<$ A#

BI.FKF M#&8 B4.DN 8#BD.#JD.  . A

@,& .)@4& MD*MD.J#<D) 0,7 % 

U.,@,&8,<JFH @#HD=D ,<,3*,. 

84ND<#M8#& #.#8D& ?)@)P.DM U.

A#G#2JD. '9<KF=F.K,& =,<88,$.,<J

=#88#<, #=48 A,83F.F3GF= B4.G#, 

B)4?)@)P.DM N<4O,G8,< A)D&8

A,83F.F3GF= B4.DN, #.@# #L#*D&D

#L#*D&# 3,<F :G,< ,8,JF, #.@# A,@

',@FG8FH 8#@D<.#<D 4&DH M

84ND<#M8DH I=F&J, J,, 89<.F A#LJ

=#88#< A,83F.F38F B4.L#& A#LJ#2J#

A#MD& 4<&#.#GG#, G4L`<.D@ 4.#<J

7#@D< IGF@JF38FH A,< B,8F

M#@8#@#GD= ,8$ #<MD.D :G,< 

Y)84K#<@4&J#< #<MD.D J# :G,< 

8#<#.$D BF<J,2 ,@,G. 

]9= #2D&J# #.D&L#& 84ND

U&,<K4J)GN,<G8F #&#.)=#84< 3I@,

3-G$<,88, 3I<G,8F.K,&. 

]I@F<8,KF, c$8,KF, #=48, Y4cY4

3IN. ]I@F<8,KF K$@$c8DH, 4<K#&)

A#&$#<.#<JDH J,&,.,<F&J,KF 4<K#

3I@F<8,KF, #=48, @#K&)2, Y4GY4<, 3

#.V@)&)2 @I.*,<F 3I38,@ #2D&J

A:&, *#.# 393F<88F M4cD&JD.

IcF@JF38,<J,KF x.4<4Y).RJFH 89

%&'()!* +,-,.

     

6.dG#$) #8D&J#LD ^_7c-&FH 148#&)3#.DM B#LD&DH

<#LD&DH >f/, U&,<K4J)GN,<G8F #&#.)=#84< 3I@,KF@

@#GG#.DM 9.,GF (40–60 G@ 8,<,HJF38,) 

&FN 8`<L#&J#2, 84ND<#M8# Y4GY4< @I.*,<F 3I3

< @I.*,<F&FH #=#V G,B,BF 39=J, A)&#.L#& #.@

#.@#&DH IG$F&, :G,< ,8,8F& U.,@,&88,<, @I.*

&)=@&FH M`<#@D&# 3F<,8F& @#HD=JD U.,@,&8. X

JD. X4GY4<GD= ?.4<4Y).. 89=F.@,2JF, 4&J# 

2JD. eGF@JF38, Y4GY4< A,8FGN,G,, A#ND<#38#

#L#*D&DH K9.J,&$F @,& NFG$F B#P$.#2JD. X

D& A,@FG8FH G#N#GD A#MG#<DN, I&F@F #<8#JD. 

#@D 8`<#M8D ,@,G, 4. 3IN8,K,& Y#384<.#<L# 8

#LJ#2D&#, G#M8#$ `=#M8DLD&# 8:$,.JF. 6.@#.#

A,@FG8FH 4<8# ,G,NN,& 9 % M`<#2JD.  <K#&)3#

M`<#2JD. 6.@# A,@FGF&FH IG$F&, I&F@ B,<$ 

X484G)&8,= 3,=F&J, #.@# #L#*D&DH A#N

.,@,&88,<JFH B,.G,&JF.FKF&, B#2.#&DG8D I&F@

JFH &:8)A,GF&, M#<#L#&J#, 84ND<#M8#LD &,KF=K

IGF@JF38FH IG$F BIK,.,JF, A#ND<#LD&DH A

8DLD B`=D.#JD. 6.@# #L#*D&DH I&F@F 3

DH #=48 M4<,KF *#@#J#& 8DG 3IN B4.G#, 4&J

@FGF&FH NFG$F 3,*,$F.J,2JF A:&, BF< @,=KF.J, NF

M`<L#M =#88#<D&DH BF<#= @I.*,<F& #.#JD, #. 4

J#2.#<L# B#2.#&DG8D I=K,<FN 48D<#JD. eGF@J

# @4. 89=F.,JF, A:&, M4<,38F3 =#88#< 8#@D< 8#.

JD GFHF<$ 39*,2, 89G,JF. 

F&J,KF @9*,.,<F&,, 4.#<JD G$ A:&, @)&,<

,8$@,& M#8#<, =#8 #.@#G$JDH #<&#2D <,

 ,8,JF. a<BF< IGF@JF38FH 8#@D< A92,GF&FH 

D<#M8DH 900 º( 8,@N,<#8$<#J# <#G8<.F U.

,KF@,& #&DM8#.L#& ?)@)P.DM U.,@,&88FH @#G

4< — 4<K#&4K,&JF3 U.,@,&88,<.  .#<JDH 84ND

)3#.DM M#.JDM8#<JDH M`<#@D&J#, c$8,KF K#

#&)3#.DM =#88#<J# B4.#JD. 74ND<#M #<MD.D

3#.)2, 393F<8 8.B. @#HD=JD U.,@,&88,< #2&#.D

J# 5,85 %, #. 39= #2D&J# 5,71 %. 7,@F< :< 89<.

.#<JDH M`<#@D&# 3F<,JF. 1`. U.,@,&8 B

9=F.$F&, M#8Dc#JD. %K,< IcF@JF38,<K, 8,@F<

.,)/!)'*0.0 1)!2&-'!(&(, 

 

H  

@,& #&DM8#.L#&  

38,@ #2D&J# — 0,07 %, 

@# #L#*D&DH I&F@F@,& 

*,<F J, #=#PJD. 

X4GY4< Y,<@,&88,<JFH, 

A,@FG #L#* A#ND<#LD 

# M#<# M4*MD. A#GD., 

X4GY4< 8DH#28MD*D& 

:$,.JF: A,@FG G4<8D&#, 

#<JDH &,KF=KF M`<#@JD 

#.DM MD*MD.J#< (#.@# 

9*F& M#A,88F M4<,38F3 

ND<#LD #<MD.D A:&, 

@&FH @4.#VD&# A#LJ#2 

KF @)&,<#.JDM M4<,38F3 

A#GD. B4.$D I=K,<,JF, 

39<8 3,@)JF. X4GY4< 

J# 4., 3,<FGF&*,, #.@# 

FGN,2JF. 

4&DH @I.*,<F 8FN8F BF< 

F3 8#@D<.#<D M4<,38F3 

.*DM8#<D&# &,L`<.D@ 

<#.JDM U.,@,&88,<@,& 

,#3O)PGD&#& 89=F.,8F& 

M`<D.DGD, 84ND<#M8# 

.,38<4&JD @)3<4G34N, 

G#.DM 9.,GF 2-3,G8,J,, 

D<#MM# 8)KF=,< N#2J#cD 

#=J#<JDH, IcF@JF3 N,& 

D B)4GY,<#J#LD 488,KF, 

D@D A9<,JF. 74ND<#M8# 

.F 43c)J8F, K)J<43c)J8F 

B)4.4K)P.DM A#LD&#& 

< A,8FcN,c,, 4.#<JDH 
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A#ND<#M8#<D c#<L#2DN, x.4<4= J,

89<.F. /Dc#.D, M`@J#M 84ND<#M

&:8)A,GF #.D&L#& @:.F@,88,<J, 

#=#2L#&D& 3I<$K, B4.#JD. 

I.J.K2!/$

!#,! !8!C& 62040#5+*

f.,@,&8   Na

/#GG#.DM 9.,G 49,45 0,92

 

3-G$<,8. _.6

#.@# #L#*D IGF<F.K,& 84ND<

74ND<#M8DH 8`=J#&$D 3,=F&

)4&J#<D&DH A)&#M8#.$D A9<,JF

@#J# (# — 15,49 %, Si — 19,52 %

20,25 %, Na — 0,92 %, 7i — 0,39 %

X4GY4< 8DH#28MD*D ,KFG 3,

A:&, B#GM# M4GD.DG8#<JDH 89=F.$

CD.D@) =,<88,$.,< B42D&*

#=48, Y4GY4<, 3#.)2, 3#.RO)2, @

@I.*,<F 3I38,@ #2D&J# 48,98 %

84ND<#M8DH 4<K#&)3#.DM BI.FKF

M#<#*F<F38,KF #=488DH 3IBF 39<J,.

#.@#2JD. (FHF<F.$F 9*F& 39<J,.F #

74ND<#M8# Y4GY4<JDH I=K,

@)&,<#. M4GD.DGM# #2&#.$D A:&

3I*$F. 

]<,@&)2 — 84ND<#M8# ,H 3IN

4. c).)3#88#< M`<#@D&J# B#cD@. 

3,2J, 3#.RO)2, @#K&)2 A,8FG

8DH#28MD*8#< M4.J#&D.#JD. 

]9= A:&, 3I38,@ #2D&J# #.D

@)3<4G34N, U&,<K4J)GN,<G8F #&#.

3I<G,8F.K,&. 

 <K#&)3#.DM =#88#< DJD<#L#

G$ B#< A,<J,, 3I@F< MD*MD.D&#

BF<&,*, #K<48,?&)3#.DM *#<#.#<

@)3<4#L=#.#<J# B#<. X4GY4< #.@#

4056-,7(,86 9!

,K,& #$<$L# *#.JDL#JD. 74ND<#M8#LD 8,@F< U

M8#<J# 0,5–1,0 %, #. Y,<<#.)88F 84ND<#M8#

8,@F< @I.*,<F 3I38,@ #2D&J# 4,89 %, #.

$ !"&*3!8& LIGM-*07 O."!*$%!#&' 1!8&*&7  

* ".=&4!8&*&7 F$,$?#&' 'N4!,& (40–60 2, "+

a Mg Al Si P K 

2 2,31 5,71 20,25 0,06 1,69 

     

6.dG#$) #8D&J#LD ^_7c-&FH 148#&)3#.DM B#LD&DH

<#LD&DH >f/, U&,<K4J)GN,<G8F #&#.)=#84< 3I@,KF@

@#GG#.DM 9.,GF (40–60 G@ 8,<,HJF38,) 

&J, 4.#<JDH M`<#@D&J# G$J# ,<)8F& 3,*,&J

F. '9<KF=F.K,& =,<88,$.,< B42D&*#, 3I38,@ #

%, Na — 0,83 %, 7i — 0,40 %, #. 39= #2D&J

%. 

,=F&J, 8`MD@@,& BF<K, B,<F.JF. 6.@# #L#*D&

$F& M#@8#@#GD= ,8,JF [6]. 

*# IGF@JF38FH J#@$D 9*F& @D&#J#2 M4<,3 4<8

@#K&)2, 8,@F<, 393F<8, 3I@F<8,KF, 488,KF, G$8

%, #. 39= #2D&J# 49,45 %. ',@FG8,< 9*F& #

F. 6=488DH 3IN BI.FKF 84ND<#M8DH M#<#*F<

.F M4GD.DG8#< 89<F&J, B4.#JD. (4&JDM8#& 4&D

#=48 89<.F @)3<4B)4.4K)P.DM N<4O,G8,<K, M#8D

,<FG3, `*D<#$D ,3F G,B,N8,& B4.#JD: 4<K

, Y4GY4< MD*MD.D 8`=J#<D&DH ,<F@,28F& M4

N 8#<#L#& U.,@,&8. ]<,@&)2 M4cD&JD.#<D&DH

'#MGD I&F@ #.$ 9*F& 84ND<#MM# 3IBF&,G, #=4

GN,2JF. 74ND<#M8DH M`&#<.DLD& A#MG#<8

D&L#& GD&#@# 84ND<#M8DH 900
0
( 8,@N,<#8$<#

)=#84< 3I@,KF@,& #&DM8#.L#& Y4GY4<JDH @#G

#&J# &,@,G, 8D&DG #.$ B#<DGD&J# N#2J# B4.L

# #2&#.#JD. X4GY4< GFHF@GF= 89<F&J, 3,=J,G,

< M#A,8. (4&D@,& M#8#< DJD<#8DN GFHF@JF Y4

# #L#*D J:&F&J,, A,@FGF&J,, 8`MD@D&J# A)&#.

!"!#:67 ;:&"&)((&-/<= … 
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U.,@,&8F&FH @I.*,<F :< 

#<J# 20–50 %. b,<88,$ 

. 39= #2D&J# 4,56 % 

2 - 3 , G 8 ,  

+4+730%"+) 

Ca Ti Fe 

14,67 0,39 4,56 

 

H  

@,& #&DM8#.L#&  

F &#8<)2 A:&, @#K&)2 

#2D&J# #.D&L#& GD&#-

# (# — 14,67 %, Si — 

&J# M#&8, 3<#?@#., @#2 

8#GD B4.$ 3,<,3, 4.#<: 

8,KF. 74ND<#M8# 488,KF 

#=488DH &,KF=KF 3I=F — 

<FKF&J, B4.#JD. 1F<#M 

D #.@# #L#*8#<D GFHF<, 

DG#JD. 

K#&)3#.DM Y4GY4<JDH 

4GD.DG8#& ,<FKF* 392K, 

H &,KF=KFcF 35#<O (SF 2), 

48, Y4GY4< A:&, 3#.)2, 

8$ 9*F& @)&,<#.JD 

#J# <#G8<.F U.,38<4&JD 

GG#.DM 9.,GF 3-3,G8,J, 

L#& 3I@F<MD*MD. K#=D, 

,JF. (FHF@JF B4.$ 9*F& 

4GY4<L# #2&#.JD<#8D& 

.#JD. 
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3 - 3 , G 8 ,  

J#,! !8!C& 62040#5+* ".=&4!'"&7 )4 "A4#0 "+4+730%"+50 B.2B.43&7 ,!22!#&' A#+20 

6.D&L#& 8,<,HJF3, G@ 

]I<G,83F*8,< 

<; 
]I38,@ #2D&J# #.D&L#& 

Y4GY4< @I.*,<F 
<; 

]9= #2D&J# #.D&L#& 

Y4GY4< @I.*,<F 

15–20 7,337 0,05 8,491 0,10 

20–40 8,258 0,10 8,601 0,07 

40–60 7,981 0,07 8,484 0,06 

 

aJ,88, Y4GY4< 8DH#28MD*D& ,&KF=$ I&F@ *DLD@JD.DLD& 3IN #<88D<@#2JD, #.#2J# 4.#<JDH 
G#M8#$L# 8I=F@JF.FKF& A#MG#<8#JD. ',@FG8,<J, Y4GY4< I8, #= B4.G#, 4.#<JDH 8D&DG #.$ M#<MD&JD-

.DLD #<8DN, 4. *F<FKF* 3,.,JF. 
_4<D8# #28M#&J#, _.6.dG#$) #8D&J#LD $&)5,<G)8,88FH 148#&)3#.DM B#LD&DH #.@# #L#*D 

IGF<F.K,& 84ND<#M8DH ?)@)P.DM M`<#@D& =,<88,K,&J, Y4GY4< 43G)JF (>2 5) 0,15 %, &)8<#88#< 

@I.*,<F 1·10–3, G$.RY#88#< @I.*,<F 4·10–5 ,3,&F #&DM8#.JD. 
^)@)P.DM M`<#@, :G,< ,8$*F B#G8#@#.#<JDH @I.*,<F @,& G#N#GD IGF@JF3 89<F&, J,, G4&J#2-#M 

4&DH IG3,& 4<8#GD&#, A)&#$ $#MD8D&#, 3,N8F<$ :JFGF&,, G#M8#$ A#LJ#2.#<D&# 8:$,.JF. eG3,& 
4<8#GD&J#LD A#LJ#2.#< IGF@JF38,<JFH M`&JD.DLD& 39<8 I=K,<8,JF. 

74ND<#M8#LD D.L#. M4<D 3I38,@ #2.#<D&J# A4L#<D, #. 39=K, M#<#2 39<8 8I@,&J,2JF.  &DH 
I=K,<$F &,KF=F&,& 84ND<#M8DH A4L#<D M#B#88#<D&J# A9<,8F&JFKF #&DM8#.JD. 

eGF@JF38,<J, Y484G)&8,= #<MD.D N#2J# B4.L#& M4GN#.#<JDH A,@FG8,< @,& 892&,38,<F&J, 

A)&#.$D&# G,B,N3,< B4.#JD. (4. #<MD.D 4.#<JDH M`<#@D&J#LD M`<L#M =#88#<, M#&8, J:<$@,&J,< 8.B. 
M4GN#.#<JDH @I.*,<F IG,JF. ',@FG8,<JFH F*F&J, A4L#<D-8#<#@J#.L#& 3I@F<G$.#<JDH (O,..V.4=#, 

K,@)O,..V.4=#) G)&8,=F& A,J,.J,8,JF. 
 
 

aJ,B),88,< 8F=F@F 

1 M85R5- :., 1#9#,*- (., )#8H#Q#5- S., =3%$3!38*- M. 6K<4?)@)P A:&, 8DH#28MD* M4.J#&$. — 6.@#8D: 6K<4$&)5,<-
G)8,8, 2010. — 450 B. 

2 A&"+5"%* '.(. ^)@)Q,G3#P =#T)8# <#G8,&)2: G<,JG85#, 8,?&4.4K)P ) U34.4K)Q,G3#P B,=4N#G&4G8R: $Q,B. N4G4B),. — 
2-, )=J., N,<,<#B. ) J4N. — /.: ]4.4G(, 2012. — 247 G. 

3 ;*$3J*-# D.'., 7#,9*-# M.(. ^)@)Q,G34, =#K<P=&,&), B)4GY,<D ) ,K4 U34.4K)Q,G3), N4G.,JG85)P. — /.: 0=J-54 
/4G3. $&-8#, 2013. — 304 G. 

4 @,8*- T.1., 1#B*-"&%*-# 0.7., 132#"*-# >. . ^)@)P N4Q5. — /.: \DG*. *3., 2005. — 558 G. 

5 1#4*U#8*-#  .(. ^)@)Q,G3)2 G4G8#5 N4Q5 ) N4Q544B<#=$VT)? N4<4J. — S,<@R: S,<@G3#P Z(^6, 2009. — 132 G. 

6 7#Q#$#-V5"B&#? (., V5"B&#? .. /)3<4U.,@,&8D 5 N4Q5#? ) <#G8,&)P? / S,<. G #&K.. — /.: /)<, 1989. — 439 G. 

 
 

/. .6.8D&B,345#, b.c.74.,*45# 

P#$?*$+ F$,$:+2%$F H#+,+*".; =.:;&  

*! =4.3/%"$;*.2"> =#.3.*.C+*$? ?1#.*$ 

\ G8#8R, )GG.,J45#&# #K<4?)@)P N4Q5D PB.4&R, 5D<#T,&&D? 5 148#&)Q,G34@ G#J$ /,AJ$&#<4J&4K4 

3#=#?G34-8$<,O34K4 $&)5,<G)8,8# )@. ^.6.dG#$). S<45,J,& #K<4?)@)Q,G3)2 #&#.)= N4Q5D ) 

4N<,J,.,&# @#GG45#P J4.P ?)@)Q,G3)? U.,@,&845. ;# K.$B)&, 40–60 G@ @#GG45#P J4.P ?)@)Q,G3)? 

U.,@,&845 5 G4G8#5, N4Q5D G4G8#5).#, %:   — 48,98; Na — 0,83; Mg — 2,24; Al — 5,85; Si — 19,52; 

P — 0,07; K — 1,73; Ca — 15,49; Ti — 0,40; Fe — 4,89. S<) 4N<,J,.,&)) ?)@)Q,G34K4 G4G8#5# N4Q5D 

<#GG@48<,& GN4G4B G45,<*,&G8545#&)P @,84J45 $N4<PJ4Q)5#&)P (<,K$.)<45#&)P) ?)@)Q,G3)? 

N43#=#8,.,2. 
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M.O.Altynbekova, Z.U.Toleshova 

Influence of the soil chemical elements on productivity of apple tree fruiting 

In the Botanical Garden of K.A.Yassawi Kazakh-Turkish university in the article were tested agricultural 

chemistry of the soil of the planted apple tree. By the results of agrochemical research of the soilplanted apple 

trees in the Botanical Garden of K.A.Yasawi IKTU were determined the mass traction of the chemical 

elements. In the depth of 40–60 sm the mass traction of the soil consists of (%):   — 48,98; Na — 0,83; 

Mg — 2,24; Al — 5,85; Si — 19,52; P — 0,07; K — 1,73; Ca — 15,49; Ti — 0,40; Fe — 4,89. When de-

termining the chemical composition of soil were stated the ways of improving of regulating methods of 

chemical indicaters. 

 

 
References 

1 Eleshev R., Saparov A., Balgabaev A., Tuktugulov E. Agricultural chemistry and use of fertilizers, Almaty: Agrouniversitet, 
2010, 450 p. 

2 Zinchenko V.A. Chemical protection of plants: means, technology and ecological safe: Textbook, 2nd ed., Moscow: KolosS, 
2012, 247 p. 

3 Motuzova G.V., Karpova E.A. Chemical pollution of biosphere and its ecological effect, Moscow: Moscow University Publ., 
2013, 304 p. 

4 Orlov D.S., Sadovnikova L.K., Sukhanova N.I. Soil chemistry, Moscow: Vysshaya shkola, 2005, 558 p. 

5 Samofalova I.A. Chemical composition of soils and soil forming rock, Perm: Permskaya GSKhA, 2009, 132 p. 

6 Kabat-Pendias A., Pendias Kh. Microelements in soils and plants, Translated from Eng., Moscow: Mir, 1989, 439 p. 

 
 



60 %&'()!* +,-,.,)/!)'*0.0 1)!2&-'!(&(, 

UDC 546.19 

N.I.Kopylov, Yu.D.Kaminsky  

Institute of Solid State Chemistry and Mechanochemistry  

Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia 

(E-mail: kolyubov@narod.ru) 

Output of arsenic from dumps of plant «Tuvakobalt» by combined method 

The presented materials of research show the possibility of the output of arsenic from dump sludge cake of 

plant «Tuvakobalt» through their burning at 800–850 ºC in a mixture of with soda and subsequent aqueous 

leaching into the solution forming of sodium arsenate. Arsenic from the solution can be transferred to the ar-

senic sulphide by known techniques (by means of sodium sulphide, hydrogen sulphide, etc.). Thus the ob-

tained products can be used in practice for as antiseptics in agriculture, in the processing timber; as a biocide 

in anti-fouling coatings for the navy, hydraulic structures and other constructions operated in the 

bioaggressive environments. 

Key words: waste dump, slurry, soda, burning, aqueous leaching, arsenic, arsenic compounds, sodium sul-

phide, hydrochloric acid, sulphidation. 

 
Plant «Tuvakobalt» on the ores Khovu-Aqsa was operated 20 years and was closed in 1991 due to the a 

planned unprofitability of production. Huge amounts of gangue containing oxidized sulphides and arsenides 

were accumulated, and more than 2 million m3 of tailings mixture of ammonium autoclave redistribution and 
sludge cakes of magnesia cleaning of the solution were stored on site of five pool maps and trench burial for 

years of work on drainage dumps [1]. 
According to the results of audit examinations conducted by UIGGM SB of RAS (Novosibirsk) and 

TuvaIENR SB of RAS (Kyzyl) [2] dumping products have predominantly carbonate-silicate composition 

with a mass content (in terms of oxides), %: SiO2 ~ 35–40; CaO ~ 18; Al2O3 ~ 8; MgO ~ 8; Fe2O3 ~ 10. Ar-
senic concentration is in the range of 3.5–6.4 %, partial (10–20 %) in the form of metal arsenides not decom-

posed during pressure leaching. Concentrations of metals were increased: Co — 0.14–0.21 %; Ni — 0.15–
0.29 %; Cu — average 0.11 % and Ag — average 45 ppmw, Au — average 6 ppmw. 

Waste from the processing of ore, accumulated in the five-maps storage and in the trench, located in the 

0.8–1.2 km from the industrial area of the plant and 3 km from the village Khovu-Aqsa. The plan of maps 
represents rectangle of 250×50 m by diked dykes. Initially the waste entered to dumps by special transport, 

then subsequently (and in generally) as a pulp through tubing in the pool-settlings. After clarification of the 
liquid fraction of the pulp and compaction of solid sediment in the maps of disposal of waste (sludge) period-
ic pumping of clarified water are carried out into the hydrometallurgical plant. After that the remained solu-

tion dried under the influence of external factors. Maps of Khovu-Aqsa can be attributed to the drained and 
partially recultivated tailing dumps on the morphological type. 

The formation of underground waters, which belong to the calcium-magnesian nitrate hydrocarbonate 
type with high concentration of NH4

+, occurs in the dumps upon prolonged storage of waste. They contain a 

high concentration of arsenic (2.2 mg/l). High content of arsenic (5.5 mg/l) were also found in the aqueous 
extract. Increased content of arsenic in the aqueous extract indicates the presence of aqueous-soluble forms 
of arsenic in dumps of plant as compared to the underground waters. It was noted in the work [1] that the 

concentration of arsenic reached 29.5 mg/l in dried out aqueous part of one of the maps of the dump, which 
corresponds to 50 TLV for this type of stored waste dumps. 

As a result of detailed comprehensive studies carried out by UIGGM SB of RAS [2], geochemical mo-
bility of arsenic and the unsuitability of magnesia-arsenate salts for a long storage were established under 
conditions of waste storage in the dumps of Khovu-Aqsa. High concentrations of arsenic and magnesium 

(up to 150 mg/l) in solution confirmed this fact. The underground water and the aqueous extracts are found 
to not be saturated in regards to all arsenic compounds that cause the complete solubility of the last ones in 

these aqueous systems [3]. Interaction with water containing atmospheric CO2 and bicarbonate-ion, which is 
formed by dissolution of calcite, inevitably initiates reactions of dissolution of technogenic arsenates with the 
transition of HAsO4

2– and Mg2+ into the solution. Compounds of Mg(OH)2(s) and Ca3(AsO4)á4H2O also 

decompose under the influence of carbon dioxide at high pH value and arsenic also goes into the solution. 
After stopping of plant, ponds of tailing pits were completely drained and exposed by wind erosion at a 

given time. According to [4, 5] formed «dry» dumps contain arsenic compounds of between 57 to 
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75 thousand tonnes of except to their the presence of commercially concentrations of cobalt, nickel, copper 
and some other metals. Due to the natural rain flushing of toxic compounds occurs in the lower layers of 

dump. Perhaps they also got into the groundwater during the aging and the restructuring of the material of 
the protective membrane of the bottom deck was occurred. The main centre of contamination is found to 
cover an area of 2 km2, where the content of arsenic in the soil lies between 23 to 40 TLV. The arsenic 

content reduced from 12 to 2.7 TLV in the soils of areas far from the plant to 5–30 km [6]. 
Except on environmental problems of disposal of arsenic-containing dumps of Khovu-Aqsa, practical 

interest for the Republic of Tuva, in view of its specific mining and geographical position, represents the us-
ing of dump materials as technogenic raw materials for the production of national economic destinations. For 

using these dumps as a secondary technogenic raw materials with additional recovery of valuable compo-
nents (metals) and obtaining industrial commodity products (building materials, ceramics) the output of ar-
senic need to carry out from dump material. A study on the possibility of deep cleaning of arsenic from 

dump materials with transfer it into nontoxic (commodity) products was carried out. 
At the first stage the study of the release of arsenic from the dump waste Khovu-Aqsa were held by 

technology sulphide burning. 
Experiments on sulphidation burning with preliminary calcination showed the possibility of deep re-

moval of arsenic from dump waste of Tuvakovalt plant (a decrease of the content in a cinder to 0.28–0,80 % 

with a ratio of sulfidizator to a calcination product from 1:2 to 1:6). 
This method of outputting arsenic from industrial products of metallurgical production allows to deduce 

the arsenic stored in a compact form of sulphide and promising to use it as a biocide in anti-fouling coatings 
for ships. 

In terms of technology the process based on solid-phase reactions of decomposition and interaction, 

must be carried out at closely interacting of components and ensuring of good diffusion of gaseous reaction 
products produced in the conditions of countercurrent gas – solid, for which the most preferred one may be 

special oven of shaft type. Appropriate special equipment is required for condensation and trapping of arse-
nic sulphide fumes and capturing and utilization of the sulfur dioxide formed. All this requires certain finan-
cial investment to start implementation of this technology that under the conditions of modern market rela-

tions creates certain difficulties of introducing new technologies [5, 7]. 
However in the literature analysis of the results of several studies on processing of products of arsenic 

of copper-cobalt-nickel metal production, in particular, speiss leads to the conclusion about the small pro-
spects of existing search directions [8]. However in the practice of lead production the number of methods 
for processing speiss of lead production was successfully tested [9]. The method of combined processing of 

speiss of lead production which includes burning-sintering of speiss mixture with soda at red heat and subse-
quent aqueous leaching of obtained cinder should be regarded as the most appropriate one. This method was 

used in industrial practice abroad [10]. This technology was tested by domestic researchers too [11, 12], 
positive results being obtained. 

So the technology including its burning in the mixture with soda and the subsequent aqueous leaching 
of the formed cinder-cake was developed for processing of speiss of Leninogorsk lead plant (East Kazakh-
stan) [11]. Arsenic is recovered as the sodium arsenate into the solution. Experiments were performed on 

samples of speiss obtained by melting of copper drosses in a shaft furnace of slurries. The following ele-
ments are included in the composition,%: 9.6 of lead; 26.1 of copper; 24.8 of iron; 25.6 of arsenic; 1.0 of 

antimony; 3.0 of sulfur; 0.97 of nickel; 0.2; of cobalt; 1.45 of zinc; 0.4 of tin and 120 ppmw gold and 
119 ppmw of silver. According to the mineralogical analysis of average sample consisted mainly of copper 
arsenide (Cu3As), iron arsenide (Fe2As), metallic lead and small quantities of copper and iron sulphides. The 

obtained cinder-cakes were leached by aqueous at 60–70 ºC, at L:S = 5:1 within an hour. Optimal conditions 
of burning is the temperature of 650 º  and time 4 hours. Consumption of soda was equal to the mass of 

speiss. At aqueous leaching of cinder-cake extracting of arsenic in the solution was 97–98 %. Arsenic was 
precipitated with calcium oxide to conditioned calcium arsenate from solution. Solution from leaching 
contained 27.6 % copper, 8.0 % lead, 0.7 % of arsenic, 26.3 % iron; 10.5 % nickel. It was exposed to further 

sulfuric processing for the purpose of extraction of lead into the sludge cake and its transfer to lead produc-
tion, and solution to extraction of copper and nickel. Thus the proposed technology provides a complex 

removal of the main components of speiss into marketable product at the soda recovery in the form of 
sodium hydroxide with the following consumption of reagents per 1 ton of speiss: 1 ton of soda; 0.45 tons of 
calcium oxide; 0.06 tons of concentrated sulfuric acid (specific weight 1.84). 
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In order to study the influence on indicators of the process of technological modes, consumption of rea-
gents and determination of their optimal parameters, the study on processing speiss of lead production were 

repeated in the work [12]. Thus the optimum schedule of burning provided by the following parameters: 
temperature 650 ºC, duration of 4 hours, the consumption of soda 1 weight part per 1 weight part of the 
speiss, which enables the extraction of arsenic arsenate to 97–98 % of its content in the cinder. Lead remains 

the whole, 93 % of copper remains in oxide form in the cinder. During of arsenic leaching the solution with 
23–26 g/l of arsenic and traces of iron and copper was obtained that provides high-quality obtaining of calci-

um arsenate. Consumption of 1.9 g of calcium oxide per 1 g of arsenic was determined optimal for precipita-
tion of arsenic from the solution. 

Our laboratory experiments by using this combined method (burning-sintering + aqueous leaching) on 
samples of technical cobalt concentrate containing 2,4–4,0 % of As, prepared by the ammonia-alkali 
autoclave technology at the plant of «Tuvakobalt» showed the possibility of deep removal of arsenic from 

the product at temperatures 600–650 ºC of burning. After the leaching and washing, sludge cake contained 
<0.5 % of As and increased metal concentrations, %: Co ~ 9,0; Ni ~ 39,0; Cu ~ 16,5 [13]. 

In the development of this direction rather large research program on the possibility of using this meth-
od for the development of output technologies of arsenic from dump waste of the plant «Tuvakobalt» was 
carried out including a large numbers of laboratory experiments, big testing for the combined method and 

experiments on the transfer of arsenic from the resulting solution in a compact sulphide product. 
Laboratory experiments was carried out on an average sample of waste dump of Khovu-Aqsa contain-

ing 4,33 % As by the combined scheme. 
According to IR analysis the sample contains mostly carbonate component, such as calcite. Also the 

presence of sulphates, such as MeO·SiO2·H2O and arsenates is noticed. 

According to X-ray diffraction (XRD), the original waste dump has the following mineral composition. 
Two main phases are recorded clearly in the sample. This is phase of parasymplesite Fe3(AsO4)2á8H2O and 

phase of calcite CaCO3 (with the advantage of the last one). The phase of composition of pasymplesite dif-
fers from natural scorodite FeAsO4á2H2O in that iron is divalent and contains not two, but eight molecules of 
crystallohydrated water as well as other arsenates of group of a vivianit in it [14]. Having the same chemical 

composition and the formula as symplesite this arsenate of iron is polymorphic analogue of the latter, but 
unlike it has others a crystal lattice and a singoniya (monocline, but not triclinic, as at a simplezit). Further, 

in the sample the following phases there were found: dolomite — (Mg, Ca)CO3, kaolinite — 
Al4[Si4O10]á8(OH), smectite — K<1Al2[(Si, Al)4O10]ánH2O. There are traces of chlorite, mica, potassium 
feldspar. The total content in the sample of aluminosilicate phases prevails over the amount of arsenate and 

carbonate phases. 
The results of the carried out thermal analysis (Differential Thermal Analysis) of the sample in the tem-

perature range up to 1000 ºC are in agreement with previous studies and confirm occurring decomposition of 
carbonates during heating and stability of arsenic compounds. Thus according to the chemical analysis of 

iron content in the cinder is 4.5 % that exceeds slightly the initial ones. 
Experiments on alkali sintering were carried out in the range of temperature of 600–900 ºC, holding 

time from 1,5 to 4,0 hours at the temperature given and a ratio variation in charge of initial slurry of dump to 

soda ranging from 4/1 to 1/1. In a number of experiences of an additives of coal dust or a coke breeze at a 
rate of 0,1–0,2 introduced into the common weight portion of charge. 

The leaching of cinder was carried out by water at 60–80 º , the leaching time is from 0.5 to 2 hours, 
the ratio of S:L is maintained between 1:5–1:7. 

The obtained data of laboratory experiments showed that the main factors determining the transition of 

arsenic slimes into a soluble form of sodium arsenate are the temperature and the ratio in the mixture of 
sludge and soda. As the results of experiments the holding time during the burning is not determinative. So, 

under a temperature of burning of blend of 600–650 ºC and changing of the ratio of the sludge/soda is equal 
to 4/1, 2/1 and 1/1, the arsenic content in the sludge cake of aqueous leaching of cinder was equal to 3.75; 
2.10; 1.35 %, respectively. When the temperature rises to 800 and 900 ºC arsenic content in the sludge cake 

of leaching decreases to 0.95–0.80 %. At introduction of coal additive (~10 % of the mass of the slurry) in 
the initial coal charge and with ratio of mixture components of 1/1–1.5/1, at temperature of burning 850 ºC 

the content of arsenic in the sludge cake of aqueous leaching is reduced to 0.50–0.71 %. 
According to X-ray diffraction (XRD) in the obtained sample of sludge cake dominant phases are 

silicate, which chemical formula is Na4Mg2Si3O10 (or 2Na2Oá2MgOá3SiO2), magnesian calcite — 

(Mg, Ca)CO3, magnetite — Fe3O4 with a mixture of hematite — !-Fe2O3. 
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After leaching the following oxides were identified as part of an average sample by quantitative X-ray 
fluorescent analysis, %: SiO2 — 27.88; Al2O3 — 7.04; Fe2O3 — 7.68; MgO — 7.99; CaO — 14.75; Na2O — 

18.91; K2O — 0.41; NiO — 0.163; CuO — 0.160; amorphous phase — 12.91. 
Based on the successful results of laboratory experiments on scientific and industrial base of TuvaIENR 

SB of RAS, experimental tests in the bigger scale of technological scheme of the extraction of arsenic from 

waste dumps of plant «Tuvakobalt» were carried out to produce of arsenic sulphide. 
Burning-sintering was performed under the following conditions such as the ratio in the mixture: 

waste:soda:coal = 1:1:0.1; temperature 850 º ; burning time of 3 h. At burning of arsenic compounds 
interact with soda, while arsenic in aqueous-soluble form — arsenate persists in alkali slurry. A cinder 

obtained by burning-sintering contained an average of ~ 3 % As. In addition it was determined by X-ray 
flurorescence that the mineralogical composition of the resulting product also contains orthoclase (23.27 %), 
silicon carbide (26.32 %), magnesite (3.38 %), goethite (3.32 %), dolomite (3.26 %). 

The process of aqueous leaching of burning product was carried out on a pilot plant for the 
hydrochemical processing of mineral and technogenic raw materials. 80 l of water was poured into a stirred 

reactor and heated up to 80 º , then 20 kg of burning product was loaded (ratio S:L = 1:4). The leaching was 
carried out under constant stirring during 0.5 h. After completion of leaching pulp is filtered on a nutsch 
filter under vacuum. The filtered arsenate-carbonate solution is directed from the receiver to the storage tank. 

The precipitate on the filter is subjected to 2-times washing out by hot water. The washings from the re-
ceiver is pumped into the reactor for leaching of next portion of product. According to Analytical 

Department of UIGGM SB of the RAS (atomic adsorption methods) as a result of 13 kg of dried product was 
obtained from the aqueous leaching containing arsenic of 0.47 %. Extraction of the arsenic in the solution 
was 90 %. 

In subsequent carried out experiments, arsenic obtained from the arsenate-carbonate solution was 
precipitated by sodium sulphide under acidic conditions in the form of sulphide on the hydrochemical apparatus 

for processing of minerals. 30 % of solution of HCl was used as an acid reagent. The precipitation of arsenic 
sulphide was carried out at pH = 3 by using a solution of 12 % Na2S. The optimal conditions of precipitation of 
sulphide were identified such as the solution temperature 50 ºC, an excess of sodium sulphide 70 % from the 

stoichiometrically required amount, precipitation time of 0.5 hour. As a result the degree of precipitation of ar-
senic sulphide was 99.6 %. The arsenic content in the filtrate was 0.02g/l. The obtained precipitate of arsenic 

sulphide was washed out by hot water, was subjected to drying and was stored. 
Thus investigations showed that this combined technology allows to deduce arsenic of dump waste of 

plant «Tuvakobalt» in a stable stored form of sulphide. Moreover the obtained products can be used in the 

following directions: 
– as sodium arsenate solution obtained in the leaching as a main component in the manufacture of an 

antiseptic for wood processing and agriculture; 
– the sulphide of an arsenic obtained by sulphidation of leaching solution of alkali caking coal is 

nontoxical (Group IV toxicity), stored middlings. In the future it can be used as a biocide of anti-fouling and 
anti-corrosion coatings for ships, hydraulic structures as well as pipelines and other construction operated in 
the bioaggressive environments. 
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Sulphatization roasting of dump industrial product of «Tuvacobalt» combine 

Data on research of removal possibility of arsenic from dump cakes of «Tuvacobalt» combine are presented. 

Possibility of deep removal of arsenic from these dumps by means of their preliminary calcination and the 

subsequent sulphidation at 900–950 º  at a sulphatizator ratio to a candle-end is shown, equal 1:2 to 0.28–

0.30; at a ratio 1:4, 1:5 and 1:6 respectively to 0, 5 and to 0.8 %. 
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In this XXI century, as well as in the previous times, at mining and processing the arsenic containing 

ores and concentrates of non-ferrous metals and gold remains steadily an arsenic conclusion tendency from 
technological process in waste with the subsequent their burial (warehousing) in the form of pulps and sedi-
ment in tailings dams (technogenic lakes) or as a solid in specially equipped dumps or burial grounds. It 

leads to violation of dynamic balance of a circulation of arsenic in the nature and to infection with com-
pounds of arsenic of placement regions of these warehousings and burials. 

The wide-ranging field researches of hyper genesis of dump massifs of sulfide and the arsenic containing 
industrial products of a number of mining and processing productions conducted at the beginning of this centu-
ry showed a real picture of threat to environment [1, 2]. Thus the attention that with storage period of dumps 

(including also ferric arsenate complexes) extent of environmental pollution progresses sharply was paid. 
At a turn of the XX–XXI centuries to a problem about danger of the arsenic containing dumps was de-

voted a large number of works. After the analysis of materials of these works authors of the monograph [3] 
came to a conclusion that any warehousing or burial of arsenical waste is temporary and constitutes potential 

ecological danger, and the problem of the arsenic containing dumps bearing threat for environment can be 
solved at the organization of large-tonnage use of arsenical production in economic activity. However such 
approach to this problem doesn't find a proper understanding yet and the problem of the arsenic containing 

dumps remains with existence of dumps of previous years and their intensive growth on account of new re-
ceipts of waste of the working productions. 

Special danger of environment pollution is constituted by old dumps of the enterprises which are once 
functioning, but closed and stopped the production. As a rule, in such cases control of them is weakened, and 
often is stopped completely, necessary preventive measures aren't undertaken. It leads to serious environ-

mental problems and subsequently forces to acceptance of urgent measures for environment protection. 
One of the most ecologically dangerous objects in the Republic of Tuva are dumps of the arsenic con-

taining waste received at the hydrometallurgical enrichment of polymetallic ore of a Khovu-Aksy field at 
«Tuvacobalt» combine during its work (1970–1991). The solution of this ecological problem is possible ob-
viously within complex processing of these dumps with development of ecologically safe and without the 

dump technology of receiving products and simultaneous elimination of a source of environmental pollution. 
The Khovu-Aksy field of the arsenide nickel-cobalt ores is unique on mineral structure [4]. In its ores 

existence ~ 60 minerals is established. Arsenic in them is presented in mineral forms of primary arsenide: 
shmaltin-hloantit — (Co, Ni)As3–x, skutterudite —  oAs3, nickeline — NiAs, loellingite — FeAs2, safflorite 
— (Co, Fe)As2, and the secondary arsenates relating to group of vivianites: erythrite — 

(Co, Ni)3[AsO4]2á8H2O and annabergite — Ni3[AsO4]2á8H2O. The main part of the arsenide minerals is pre-
sented by massive or continuous stringer ore. The oxidized minerals are only in a type of thin inclusions. 

Unlike the arsenous cobalt ores of other fields in Khovu-Aksy ores the content of sulfur and iron is ra-
ther low (~ 1 % of sulfur and 4–5 % of iron), and arsenic and calcium oxide — raised (~10 % of arsenic and 

~20 % of calcium oxide). Sulfides are in ore in the form tennantite — Cu12As4S13, chalcopyrite — CuFeS2, 
pyrites — FeS2, galena — PbS, chalcocite — Cu2S. Gross ore contains, %: cobalt — 0.2–1.2; nickel — 0.4–
2.0; copper — 0.2–1.0. Waste has the quartz and carbonate structure including calcium carbonates, magnesi-

um, oxide of silicon, clay, minerals of skarn (the grenade, a pyroxene and etc.). 
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On the developed autoclave ammoniac and carbonate technology cobalt, nickel and copper are trans-
ferred to solution. Also arsenic is passed into solution. All other components of ore form dump sludge. Ac-

cording to the chemical analysis slag products generally have carbonate and silicate structure at the content 
in them of oxides, %: SiO2 ~35–40; CaO ~18; Al2O3 ~8; MgO ~8; Fe2O3 ~10 [5]. 

Arsenic from autoclave solution was besieged a magnesium oxide pulp on reaction [6]: 

 (NH4)2HAsO4 + MgO = MgHAsO4 + 2NH3 + H2O 

For this purpose a technical magnesia from 75 % of active oxide, previously crushed in a spherical mill 

for 80–85 % to fineness — 0.1 mm which entered into a pulp in the form of magnesia milk, with the ratio 
S:L = 1:4 is used. The consumption of magnesium oxide made ~13 kg/kg of cobalt. The residual content of 

arsenic in solution shouldn't have exceeded 0.05 g/l. After sedimentation its concentration in a carbonate 
pulp in terms of dry weight reaches 2.4 %. However, the real final industrial products transferred to cobalt 
production, so-called concentrates often contained to 4 % of As. 

The received solution was pumped over in a thickener, and the washed slime (tails from a condensation 
of a pulp of autoclave leaching) averaging 93–97 % of the mass of ore was directed to the tailings dam. In 

leached tails, as a rule, there was a quantity of metals in an arsenide form — from 10 to 25 % of the general 
content of cobalt in tails (at the level of 0.1 %) [7]. Arsenate-magnesia sediment after purification of solution 
from arsenic was buried with tails of autoclave enrichment. 

In 20 years of work of «Tuvacobalt» combine more than 2 million 63 of waste of ammoniac and auto-
clave concentrating repartition with the contents not less 75 thousand tons are received and stored in dumps. 

T of materials [8; 5–13] and concentration of arsenic in them within 3.5–6.4 %, and also valuable metals on 
average, %: Co — 0.18; Ni — 0.22; Cu — 0.11; Ag — 45 g/t and Au — 60 mg/t [5]. Complex field appro-
bation of tailings dams of combine [5] showed that the steam waters formed as a result of long storage of 

tails (slime) are characterized as magnesia-calcium with the raised content of NH4
+, nitrate and hydro car-

bonate type with the varying contents of chlorides. The laboratory researches conducted in work [5] showed 

that high concentration of arsenic in sample of steam moisture (2.2 mg/l), and also its high concentration in 
an aqueous extract (5.5 mg/l). The raised content of arsenic in the aqueous extract indicates existence of wa-
ter-soluble forms of arsenic in combine dumps. Earlier it was noted [8; 21] that in gradually drying out water 

part of the tailings dam (map 5) concentration of arsenic reached 29.5 mg/l that answers 50 maximum con-
centration limits for this type of the stored waste. 

On the basis of researches authors of work [8; 84–87] concluded that now the high speed of leaching of 
arsenic of various types is noted by solutions. At impact of rainfall and seasonal floods on dumps dissolution 
of arsenic in them can reach 10–12 mg/l in 144 days. In case of increase in acidity of solutions solubility of 

arsenic can increase at increase of the maximum concentration to 16 mg/l. Dissolution increases in the alka-
line environment to concentration of 43 mg/l at rather slow speed of leaching. 

From the review given above follows that the arsenical waste which is saved up in dumps of 
«Tuvacobalt» combine in the conditions of continuous contact and chemical interaction with environment 

constitutes serious ecological danger to the region. In this regard removal of arsenic from cobalt industrial 
products and dumps of a field is represented actual to Khovu-Aksa. Besides, difficult geographical condi-
tions of the region, its remoteness from industrial centers, existence of problems of transport connection sets 

a task of the maximum use of local sources of raw materials, including also technogenic waste, for ensuring 
development of industrial and social spheres of the Republic. 

In this regard, for complex use of dumps of «Tuvacobalt» combine as technogenic raw materials, with 
additional recovery from them valuable components and receiving industrial products (building materials, 
ceramics, etc.) it is necessary to clean arsenic from dump materials. 

Large volume of works on an arsenic conclusion from technological processes of processing of the ar-
senic containing persistent raw materials of heavy non-ferrous metals and gold to dump low-toxic products 

with use of sulphatization roasting was carried out in the second half of the XX century within the QG-16/20 
QFQ USSR program (ChMI JS KazSSR, Karaganda [9–11]; «Gidrotsvetmet» Institute of QFQ USSR, 
Novosibirsk [12–15]). In particular, sulphatization roasting was used (ChMI) during developing technology 

of receiving cobalt, gold and other accompanying metals from the gold and arsenical ores of the Sayak-4 
field (Kazakhstan). The technology passed trial tests with receiving high rates [16, 17]. 

Making use of this positive experience, we conducted researches whenever possible of use of 
sulphidation roasting for an arsenic conclusion from dumps of «Tuvacobalt» combine. 
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Iron sulfides (pyrrhotite or pyrites) and their mixes with element sulfur are used as a sulphatizator. As a 
reducer a coke breeze is added to fusion mixture. The dump slimes sample used in this research on the data 

obtained by means of a nuclear and absorbing method contained 4.25–4.40 % of As. 
According to the X-analysis data, the basis of material has a carbonate component like calcite. Besides, in 

sample are available: silicates and hydrosilicates, and also arsenical compounds like arsenates and arsenide. 

Data of an X-ray fluorescence method give the following quantitative picture of contents of oxide forms 
of elements. The obtained data show the greatest content of silica (30.27 %), further on decrease there are 

calcium oxides (15.86 %), and magnesium (9.11 %), iron oxides (8.12 %) and aluminum (7.74 %). 
The X-ray analysis (XRA) of this sample gives the following mineralogical composition of slime. In a 

sample two main mineral phases are fixed accurately: it is a phase of a parasymplesite — Fe3(AsO4)2á8H2O 
and calcite — CaCO3. 

Compound with structure of Fe3(AsO4)2á8H2O differs from a natural scorodite of FeAsO4á2H2O in that 

in it iron is bivalent and contains not two, but eight molecules of crystal water, as well as other arsenates of 
group of a vivianite [18; 624]. Data on this compound for the first time were published in 1954 (Japan). Later 

it was revealed in ores of the Belorechenskoe field (Russia). Having the same a chemical composition and a 
formula, as simplezite [18; 624], it is polymorphic analog of the last, however has distinction in a crystal lat-
tice and a crystal system (monoclinic, unlike triclinic at a symplesite). 

Further, the sample contains the following mineral phases: dolomite — (Mg, Ca)CO3, kaolinite — 
Al4[Si4O10]á8(OH), smectite — K<1Al2[(Si, Al)4O10]ánH2O. Traces of chlorite, mica, and also potassium feld-

spar are found. Proceeding from data of the X-ray fluorescence analysis, it is possible to draw a conclusion 
that the total contents the aluminosilicate phases in material of slime can exceed the total content of the 
parasimplezit and calcite. 

Determination of nature of behavior of sludge at its heat treatment was carried out by using of a 
derivatograph of system of MOM-1000 (Paulik, Paulik-Erdey, Hungary) in the atmosphere of own gas envi-

ronment. The temperature limit of heating was limited 1000 º . 
According to XFA in a product of a thermoengraving there are following mineral phases: quartz — 

!-SiO2, amortized aluminosilicate, hematite (Fe2O3), dzhonbaumite — Ca5(AsO4)3OH. Also a plagioclase — 

[(100–n) NaAlSi3O8+nCaAl2Si2O8], portlandite —  a(OH)2, goethite — FeOOH, and also traces of Ca–Fe–
Mg-grenade (the general formula ( a, Fe, Mg)[SiO4]) are found. 

According to the data of chemical analysis the content of arsenic in material after heat treatment, practi-
cally, remained completely. Thus instead of the parasymplesite in a sample the new chemical compound — 
dzhonbaumit Ca5(AsO4)3OH was revealed. Data on him were published for the first time in 1980 (USA). In 

the subsequent it was revealed in ores of a field of Solongo (Buryatia, Russia). The chemical formula of this 
compound can be presented in the form 3Ca3(AsO4)2áCa(OH)2. From this it follows that this compound is the 

main calcic salt of arsenical acid where three acid parts have one base — a hydrate of calcium oxide. 
On the basis of the obtained data it is possible to present as follows the thermochemical process proceed-

ing by heating this sample of slime. In the field of temperatures to ~200 º  there is a removal from material of 
the main part of crystalline hydrate water of the parasymplesite and other crystalline hydrates. At the subse-
quent temperature increase there is a further decomposition of mineral structures, aluminosilicates (a smectite, 

chlorite, mica, kaolinite, etc.) with removal of hydrate, crystallization and molecular moisture. Thus, as data of 
XFA of tests of a sample showed after their heating to temperatures of 300 and 600 º , in them, as well as in 

the sample plunged to high-temperature roasting (to 900 º ), parasymplesite Fe3(AsO4)2á8H2O wasn't found. In 
both samples the phase of a 3Ca3(AsO4)2áCa(OH)2 is found accurately. From this it follows that parasymplesite 
already at a temperature up to 300 º  reacts with a calcium component of the sample (likely with calcite). In the 

field of temperatures with ~600 and to 900–950 ºC there is a decomposition of dolomite, calcite and the hydrat-
ed aluminosilicates with formation of amorphous oxide structures. 

The chemical analysis showed preservation and even some increase in a candle-end of concentration of 
arsenic (with 4.0–4.5 to 5.3–5.4 %) that is caused by a decrease of the total sample mass and preservation in 
it steady arsenic compounds. It indicates total absence in initial slime of magnesium arsenates which are 

formed at magnesia cleaning of arsenic of autoclave solutions as according to literary data magnesium arse-
nate should decompose with distillation of arsenic trioxide at a temperature of 450–600 º  by the reactions: 

 2MgNH4AsO4·6H2O = 2NH3 + 7H2O + 2MgO + As2O3 + O2 
and  
 Mg3(AsO4)2·4H2O = 3MgO + As2O3 + 4H2O + O2 
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This implies that the long-term storage in dumps magnesium arsenate react with the components of tails 
of autoclave leaching, forming secondary arsenide and arsenate compounds of arsenic. Last ones as a result 

of hyper genesis can further pass into soluble forms. Also it is possible that the insignificant part of arsenic in 
this material can be in an initial mineral form of arsenides and arsenates of cobalt and nickel. 

Experiments on sulphidation roasting were made in a closed system in neutral and recovery environ-

ments: in a horizontal tubular furnace with a suction of gaseous products of reactions of decomposition and 
sulphidation. Results of primary experiences of sulphidation of initial sludge didn't yield positive results. On-

ly some decrease in concentration of arsenic is noted (to 3.5 %) at a ratio slime/sulphatizator = 2. Apparently, 
stripping of arsenic in this case in the form of sulfide is obstructed by the complex composition of the sludge, 

and the reaction occurring during the firing with formation of a stable arsenic sulfide of cobalt blocking for-
mation of arsenic sulfides [17]. Experiments on sulphidation of a candle end after burning of initial sludge at 
900–950 º  yielded positive results. At a ratio in candle-end batch:Sulfur:Pyrrhotite = 2:1:1.3 in a 

sulphidation candle-end the content of arsenic decreased to 0.28 %. Satisfactory results were received and on 
batches with ratios a candle-end:Sulfur = 4:1 and Candle-end:Sulfur:Pyrrhotite = 4:1:1, respectively, equal 

0.46 and 0.42 % of As. At a blending only of one pyrites or pyrrhotite (in the ratio 2: 1) the residual content 
of arsenic in a candle-end decreases only respectively to 1.60 and 0.88 %. 

Experiments on influence of temperature on sulphatization roasting of a candle-end of an initial cake 

showed that the lower temperature limit is defined 900 ºC. Sulphidation of a candle-end at temperatures be-
low 900 ºC reduces rather sharply indicators on removal of arsenic from a candle-end. So, at temperatures of 

process of sulphidation equal 700 and 800 ºC, the content of arsenic in a candle-end decreases only to 2.30 
and 2.10 % respectively. At the same time sulphatization roasting at 900 and 950 ºC reduces concentration of 
arsenic in a candle end to 0.53 and 0.30 % respectively. 

The best results of a control series of experiments on removal of arsenic from products of preliminary 
roasting of initial sludge were received at the sulphatizator expense in the relation to a candle-end equal 1:2–

1:1. Thus the content of arsenic in a candle-end of sulphidation decreases to 0.28–0.30 %. Also expenses of 
sulphidation reagents in ratios 1:4 and 1:5 at which the content of arsenic decreases to ~0, 5 %, or in the ratio 
1:6 (~15 % to a candle-end) when the residual content of arsenic in a candle-end reaches 0.7–0.8 % can be 

technologically accepted. 
Thus, the conducted researches showed the possibility of deep removal of arsenic from dump products 

of «Tuvacobalt» combine by means of conducting the technological process including preliminary calcina-
tion of initial sludge at a temperature ~900 ºC and the subsequent sulphatization roasting. 

Element sulfur, sulfur mix with iron sulfides (pyrites and pyrrhotite) can be used as the sulphatizator. 

Residual content of arsenic in material decreases to 0.28–0.30 % at the sulphatizator expense in the ra-
tio to the candle-end 1:1–1:2; at a ratio 1:4.1:5 — to ~0,5 % and at a ratio 1:6 — to 0,8 %. 
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aAb 574.526.325 

V./.U42=$,8, E.?.?`+*W%%8.,8 

T.8.U.!:% !4=&+!V= G!$=W!3!$=W W!E!W-4X3Y) :&%,#3.%4#4Y, NX3)Y.4!& 

(E-mail: raushan.nurdillayeva@iktu.kz) 

H*#1# )-+#"%& $!5#A 75($%8"(585 3#>#"3-%# #%)0"1I4=+&* '%()3( *0+%#5- 

Q8Y8%8*8 8Y8@8 42%8+*0 6`38: \3W6*.+W3.3 78)8+72*0] 8*4$+@M'(%0Y X*W4W 72+8%0 6X%W6.77.+ 

#.%7W+W%&.3.  $+@.377.+ +.7W3*. @.%4.3*W+W%&.3 #\6W+, B8][8Y Y8@0+K8Y #\6W+W BX3. 8[8K Z&W3*W%.+W 

Y$%*830%*0. JY8@8 42%8+*0 6`38: \3W6*.+W3.3 78)8%82 @8+0403*8 4$+@M'(%832 `)8Y70[030], 

4$+@.37 6\%K.+W3W], 42*0] +? 6X3W 6.3 7.6=.+872+84030] X4.+%.+W Y8+8470+0%0=, 78)8%832 

*X+.B.4W3W] $]78:%0 B8[*8:%8+0 830Y78%*0. 

<Y$4 .ZE+#3: 8Y8@8 42, 6`38: \3W6*.+W, 4$+@.37, 8*4$+@M'(, @.%4.3*W+W%&.3 #\6W+, 78)8%832 *X+.B.4W. 

 
c8)W+&W 78]*8 \3*W+W47W# 8Y8@8 42%8+ \3*W+W4W3W] X+ 7Z+%W 48%8%8+03*8: 6`38: BX3. 6`38: \3W6-

*.+W3 \3*W+2KW #X4W=$+03*8+, Y8+8 BX3. 7Z47W 6.78%%2+&'(, 68K'38 B8482 \3.+#X4W@W, 9'6'( BX3. 

#\6W+ \3.+#X4W=7.+W, 8,7$B838+68: @.#.7W, b" , J" , #.3 @8:%0Y78+03 \3*W+2 @8+0403*8 BX3. 7.@. 
\3.+#X4W=7.+*. 7Z)W%.*W. A40 \3*W+W4 $+03*8+0383 K0[8703 8Y8@8 42%8+*0] Y`+8603*8 X+ 7Z+%W 

%8478[0K78+: 6`38: BX3. 6`38: \3W6*.+W, TTd-78+, L.3$% BX3. @84Y8*8 $+&83'#8%0Y Y$40%0478+, 
820+ 6.78%% '$3*8+0, M'83'*7.+ BX3. X+ 7Z+%W )'(3*0 )8778+ #.)*.4.*W. 

 $][0 #.)*. 8Y8@8 42*0] Y`+8603 8:68[0 #.] BX3. 48%0470+68%0 8+)83, 42*8 .+W&WK, #.K.3*W 

Y$40%04 7Z)2 Y8@W%.7W @8+, 4$+@M'(, *.4$+@M'( BX3. 6.983'#8%0Y Y84'.77.+W B8Y48+70%[83 @W+K868 
Y$%B.7.+%W# #$6=$)'M'(%0Y 687.+'8%*8+*0 Y$%*832 8+Y0%0 78)8+72 Y$%*8304 78@2*8 [1, 2]. A40[83 

$+8: 8Y8@8 42%8+*0 78)8+72 ZKW3 8*4$+@M'(%0Y X*W47W Y$%*832*0] =+8#7'#8%0Y 68]0)0 )$+. 
a*.@'.77W# 6X%W6.77.+ [3, 4] @$:03K8, 8*4$+@M'( X*W4W 8+Y0%0 8Y8@8 42%8+*0 6`38: BX3. 6`38: 

\3W6*.+W3.3 78)8+72*0] @W+Y878+ X*W47.+W @.%&W%W. T`% X*W47.+*. 78@'[' BX3. B8483*0 4$+@.377.+ 

(#,8+M70 Y`6, @8%K0Y, #.+86)'7, K067.).#, 8[8K Z&W3*W%.+W, @.%4.3*W+W%&.3 #\6W+, =$%'47'+$%, 
9'6'(%0Y 78%K0Y78+ BX3. 7.@.) Y$%*830%8*0. 

JY8@8 42%8+*0 6`38: BX3. 6`38: \3W6*.+W3.3 78)8%82 @$:03K8 +.4.: [8%06*8+030] [0%06'-
).+77.2 B`60478+03*8 42 6.3 7$=0+8Y70 6`38: 6.3 6`38: \3W6*.+W3.3, L.3$%*83 BX3. 6.78%% 

'$3*8+0383 4$+@M'(%0Y X*W4=.3 78)8%82 3X7'B.4W #.%7W+W%&.3 [5]. T.+W%&.3 B`60478 78@'[' =$%'6.+ 
3.&W)W3*.&W 4$+@.377W 8%2 B$%0 `4030%[83, ([3' 6`3*8 42*0 78)8+72 9'7$)83 .+W7W3*W4W3 4`:0%70%[83 
4W+#. Y0KY0%0 BX3. 5–10 % B.%87'33W] 42%0 .+W7W3*W4W6.3 8+8%8470+0=, 4Z)W= BX3. #.=7W+W= 

8%03[83 #$%%$'*70 =$%'6.+ #$6=%.#4W #\6.&W6.3 BZ).&. 840+0%[83. 
 $306.3 Y878+ 8Y8@8 42%8+*0 6`38: \3W6*.+W3.3 78)8+72 @8+0403*8 84@.477W 687.+'8% — 

84@.47 Y8[8)*8+0 BX3. #8+7$3 \3*W+W4W3*.&W Y8%*0Y78+; =.3$=$%'2+'783, 7Z:W+KW# 7Z+W3*.&W \%K.6W 
0,01–0,1 66 L.++$68&3'77W 687.+'8%; &'*+$L$@')87$+ BX3. @8)8%-77W 78%K0Y 3.&W)W3*.&W 4$+@.37 — 
#+.63': 3.6.4. $+&83'#8%0Y &'*+$L$@70Y Y$40%0478+ Y$%*830%8*0 [6]. 

JY8@8 42%8+*0 %8478[0K78+*83 4$+@M'(%82 @8+0403*8 ZK Z+*W4 $+03 8%8*0: 

  4$+@.37 @.7W3*.&W 4`:0Y L8)8 6$%.#2%8%8+030] 40+7Y0 *'LL2)'(40, @+$203*0Y *'LL2)'( 

8+Y0%0 3.6.4. 4`:0Y70Y70] 72+@2%.377W *'LL2)'( 8+Y0%0 8+8%84206.3 BZ).&. 848*0; 

  6$%.#2%8%8+*0] 68#+$#.2.#7.+*.3 6'#+$#.2.#7.+*W] @.7W3*.&W WK#W *'LL2)'(40, 8% $30] 

B0%*86*0[0 4$+@.377W] Y`+0%0406.3 BX3. 4$+@M'(%838703 )8778+*0] 6$%.#2%8 \%K.6*.+W 
8+Y0%0 830Y78%8*0; 

  .+W&.3 )87 6$%.#2%84030] \)*W&W3.3 4$+@M'(%8320. 

 $+@.377.+*W .#W =8+86.7+6.3 4'=87782[8 @$%8*0: 

1.  $+@M'([8 @8:%830470, ([3', 4$+@.37=.3 @8:%8304Y83 ^%.6.37 684484030] 4$+@.377W] 
684484038 Y8703840. 

2. 18+8%2 #$^LL'M'.37W, .+W7W3*W 6.3 4$+@.37 8+8403*8[0 )8778+*0] 78+8%20. J%8:*8 4$+@.37-
7.+*W] =+8#7'#8%0Y Y$%*830%2038 @8:%830470 @84Y8 *8 4'=877868%8+ 68]0)*0: @8[840, 
Y$%B.7W6*W%W&W, Y$%*832 6.+)W6W [7]. 

c8)W+&W #.)*. .] 3.&W)&W 4$+@.37 +.7W3*. @.%4.3*W+W%&.3 #\6W+ Y$%*830%8*0. T.%4.3*W+W%&.3 
#\6W+*W 8%2*8 @8478=Y0 K'#W)87 +.7W3*. Y`+8603*8 #\6W+7.# @8+ #.) #.%&.3 687.+'8% =8:*8%830%8*0. 

A% #\=7.&.3 +.74W) $+38%84Y83 &+8L'77W] 6'#+$#+'478%*8+0383 7`+8*0.  2%0 .+W7W3*W%.+*W 
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4$+@M'(%82 @8+0403*8 7Z:W+KW#7.%&.3 BX3. `378Y 7X+W)*W #\6W+%.+, 4$306.3 Y878+ #\6W+7.#7W 
78%K0Y78+ Y$%*830%8*0 [8]. 

1Z:W+KW#7W @.%4.3*W+W%&.3 #\6W+*W] #\6.&W6.3 [9] .]@.#7. 8Y8@8 42%8+*0 6`38: \3W6*.+W3.3 
78)8%82*8 4$+@M'(%82 40:06*0%0[0 B$[8+0 .#.3W 60–200 6&/& 830Y78%*0. A40[83 $+8: 7Z:W+KW#7W 
@.%4.3*W+W%&.3 #\6W+*W 6`38: Y`+86*84 \3W6*.+*.3 78)8+72*8 Y$%*832[8 @$%8703*0[0 #.%7W+W%&.3. 

18@'[' $+&83'#8%0Y BX3. $+&83$6'3.+8%*0 4$+@.377.+ 6`38: \3W6*.+W3 B$C ZKW3 @$%8K8[0 
6$% @$%0= 78@0%8*0. /\@W3.4. 8[8K Z&W3*W%.+W, 6$*'L'#8M'(%83[83 K067.).#, #.=7W+W%&.3 *X3*W 

*8Y0%*8+, BZ3, Y8[8) Y8%*0Y78+0 Y$%*830%8*0 [4]. 
c8:78 \]*.%&.3 \4W6*W# K'#W)87030] .#W3KW%W# \3W6*.+W — #Z+WK Y820)0 BX3. Y8+8Y`60Y 

(&+.;#8) .+W&.3 BX3. ^62%-&'+%.3&.3 6`38: \3W6*.+W3. Y870470 4$+@M'(%832 @.%4.3*W%W&W ).+77.%-
&.3 [10]. 

>+.# B8][8Y Y8@0+K8[030] 3.&W)W3*. @.%4.3*W+W%&.3 #\6W+*W 8%2 6Z6#W3*W&W [6] .]@.#7. 

#.%7W+W%&.3. /8+@$3')8M'( #.)W3*. Z%&W%.+*W Y0)*0+2 5 &+8*·6'3-1 B0%*86*0Y78 1 48[ #\%.6W3*. 
@\%6. 7.6=.+872+840383 @.%&W%.3&.3 7.6=.+872+8[8 *.:W3 (#.:@W+ 7XBW+'@.%.+*. 950 º -Y8 *.:W3) 

BZ+&W)W%&.3. J+&$3 &8)03 +.8#7$+[8 2 %·48[-1 B0%*86*0Y=.3 BW@.+&.3. e+*W4 Y04060 0,1 QI8 42 
@203*8 650, 700, 750, 800 BX3. 850 º  7.6=.+872+8 #.)W3*. X+ 7Z+%W 28Y07 8+8%0[03*8 (10 6'3-783 
90 6'3-#. *.:W3) BZ+&W)W%&.3. 1.+6$\]*.2*.3 #.:W3 @.%4.3*W+&WK7.+*W @\%6. 7.6=.+872+84038 *.:W3 

+.8#7$+*0 Y`+[8Y 8+&$36.3 Z+%.2 8+Y0%0 4207Y83. 
JY8@8 42%8+*0] Y`+8603*8[0 6`38: \3W6*.+W3W] K.#7W# +828%0 #$3M.37+8M'(40 (fE/) — 

0,3 6&/*63. c`+8603*8 28,3 6&/% 6`38: \3W6*.+W @8+ 7.6W+ B$% 8Y8@8 42%8+03 78@'[' 4$+@.37 — 
@.37$3'7 48)06.3 4$+@M'(%82 X*W4W [11] .]@.#7. #.%7W+W%&.3. T`% B`60470 6`38: \3W6*.+W3W] 
#$3M.37+8M'(40 1,54–0,793 6&/%-[8 *.:W3 7\6.3*.&.3. 

TW)*W] 8%*0][0 BZ+&W)&.3 ).+77.2 B`60478+060)*0] 3X7'B.4W 8Y8@8 42%8+*0 6`38: 
\3W6*.+W3.3 4$+@M'(%0Y X*W4 8+Y0%0 78)8%82 @8+0403*8 78@'[' BX3. B8483*0 4$+@.377.+*W Y$%*832 

$)0Y \3W6*W%W&W3 #\+4.77W [12, 13]. 
g4030%0= $70+[83 B`60470] 68Y4870 1Z+#W4783 %$#$6$7', =8:*8%832 *.=$4030] 8Y8@8 

42%8+03 6`38: \3W6*.+W3.3 78)8+72*0] 4$+@M'(%0Y X*W4W3 78@'[' BX3. B8483*0 4$+@.377.+*W] 

#\6.&W6.3 BZ).&. 840+2 @$%0= 78@0%8*0. 
d.+77.2 304830 +.7W3*. 1Z+#W4783 %$#$6$7', =8:*8%832 *.=$4030] 6`38: \3W6*.+W @8+ 8Y8@8 

42%8+0 8%03*0.  $+@M'(%82 Z+*W4W 78@'[' BX3. B8483*0 4$+@.377.+ @.%4.3*W+W%&.3 #\6W+ (8[8K 
#\6W+W3 42%0 @26.3 Y0)*0+2 8+Y0%0 8%[83), B8][8Y Y8@0+K8Y #\6W+W (500–800 º  7.6=.+872+8*8 
Y0)*0+0%[83 784 #\6W+W3*. &+.# B8][8[030] Y8@0+K8[03 #Z:*W+2 8+Y0%0 8%03[83) BX3. 8[8K 

Z&W3*W4W (8[8K #\6W+W 8+8%83[83 8[8K78+*83 7Z4#.3 Z&W3*W%.+) Y870403*8 BZ+&W)W%*W. 
JY8@8 42*0 6`38: \3W6*.+W3.3 78)8+72*0 BZ+&W)2 ZKW3 #$%@8*8 4$+@.377W 426.3 B838470+0=, 

@.%&W%W @W+ 28Y07783 #.:W3 $% L'%-7+ Y8[8)030] #\6.&W6.3 4Z)&WK7. 4Z)W= 8%03*0. J%03[83 L'%-7+87 
40:06*0%0[0 250 463 @\%&WK ,$+$3#84038 Y`:0%*0. I'=.7#8 #\6.&W6.3 10 463 &.#483 403868 

$+38%84Y83 0*04Y8 Y$40%*0. c$4=8 Y8+Y03*0 7Z+*. K8:Y826.3 1–3 6'3 ^#47+8#M'( B848%03*0.  2 
L8)840 40:06*0%0[0 100 3.6.4. 250 463 M'%'3*+&. B'38%0=, $30] *X% #\%.6W 830Y78%*0. >.#483 
^#47+8#7 @\%&WK ,$+$3#830] B$[8+[0 @\%W&W3.3 #C,.78[8 8%0= Y`:0%*0 BX3. ^#47+8#70*8[0 6`38: 

\3W6*.+W3W] 6\%K.+W «_%C$+87-02-5Q» 4`:0Y70Y 838%')87$+03*8 «h%K.2» +.B'6W3*. 830Y78%*0. 
J38%') BZ+&W)W%&.3*. 403868*8[0 6`38: \3W6*.+W3W] #$3M.37+8M'(40 (5, 6&/*63) #.%.4W*.: L$+62%8 

@$:03K8 78@0%*0: 

 $%K 1Q

CH

C V <
G

V

! !
" , 

6`3*8[0 7\%K — 403868 ^#47+8#703*8[0 6`38: \3W6*.+W3W] #$3M.37+8M'(40, 6&/*63; VQ — 

^#47+8#M'(%82 ZKW3 8%03[83 &.#48330] 6\%K.+W, 463 (10 463); V79 — 403868 #\%.6W, 463; <1 — 
^#47+8#770 4`:0%72 #$^LL'M'.37W (\%K.2 #$%@840 #\%.6W 6.3 8%03[83 ^#47+8#7 8%'#,$784030] 
Y8703840) [14]. 

JY8@8 42%8+*0 6`38: \3W6*.+W3.3 78)8%82 @.%4.3*W+W%&.3 #\6W+ (@.#.), B8][8Y Y8@0+K8Y #\6W+W 
(B.Y.#.) BX3. 8[8K Z&W3*W4W (8.Z.) 4$+@.377.+W3W] Y870403*8 ).+77.%*W.  $306.3 Y878+ 78)8%832 *X+.B.4W3. 

X+ 7Z+%W L8#7$+%8+*0] (4$+@M'(%832 `)8Y70[0, 4$+@.37 6\%K.+W, 42*0] +? 6X3W 6.3 7.6=.+872+840) 
X4.+%.+W ).+77.%*W. 1-42+.77. 8Y8@8 42%8+*0 4$+@.377.+ #\6.&W6.3 6`38: \3W6*.+W3.3 78)8%82 @8+0403*8 
4$+@M'(%832 `)8Y70[030] X4.+W #.%7W+W%&.3.  $+@M'(%832 `)8Y70[03 0,5 48[87783 2 48[87Y8 *.:W3 

B$[8+0%87Y83*8 @.%4.3*W+W%&.3 #\6W+*. 8Y8@8 42*0] 78)8%832 *X+.B.4W 90 %-*a3 98 %-[8, B8][8Y 
Y8@0+K8Y #\6W+W3*. 85 %-*a3 96 %-[8, 8[8K Z&W3*W4W3*. 80 %-*a3 93 %-[8 8+778703*0[0 830Y78%*0. 



<=(>( "-;()+? 29$(@ … 

/!)%0 «1%2%0». 3 1(81)/2016 73 

 

1 — @.%4.3*W+W%&.3 #\6W+; 2 — B8][8Y Y8@0+K8Y #\6W+W; 3 — 8[8K Z&W3*W4W 

1-42+.7. JY8@8 42%8+*0 4$+@.377.+ #\6.&W6.3 6`38: \3W6*.+W3.3  

78)8%82 *X+.B.4W3. 4$+@M'(%832 `)8Y70[030] X4.+W 

JY8@8 42%8+*0 6`38: \3W6*.+W3.3 78)8%82 @8+0403*8 4$+@.37 6\%K.+W3W] X4.+W 2-42+.77. 
#\+4.7W%&.3.  $+@.377.+*W] 68448403 0,5 &-383 2 &-[8 *.:W3 8+770+[83*8 @.%4.3*W+W%&.3 #\6W+*. 8Y8@8 

42*0] 78)8%832 *X+.B.4W 85 %-*a3 97 %-[8, B8][8Y Y8@0+K8Y #\6W+W3*. 80 %-*a3 94 %-[8, 8[8K 
Z&W3*W4W3*. 76 %-*a3 91 %-[8 B$[8+0%8*0. T.%4.3*W+W%&.3 #\6W+*W] 6.3KW#7W @.7W 400–900 62/&-*0 
Y`+8:*0 BX3. $30] 4$+@M'(%0Y Y84'.7W #.2.#7.+W3W] K86840 6.3 Y`+0%04038 7X2.%*W%W&W6.3 

@8:%830470 @$%8*0 [15]. A40[83 $+8: 8Y8@8 42%8+*0 6`38: \3W6*.+W3.3 78)8%832 *X+.B.4W 
@.%4.3*W+W%&.3 #\6W+*W Y$%*83[83*8 838[`+%06 B$[8+0 @$%8*0. 

 

 

1 — @.%4.3*W+W%&.3 #\6W+; 2 — B8][8Y Y8@0+K8Y #\6W+W; 3 — 8[8K Z&W3*W4W 

2-42+.7. JY8@8 42%8+*0 4$+@.377.+ Y870403*8 6`38: \3W6*.+W3.3 78)8%82 

JY8@8 42*0] +? 6X3W3W] 78)8%832 *X+.B.4W3. X4.+W ).+77.%W3*W. d.+77.%.7W3 42[8 Y0KY0% 6.3 
4W%7W%.+*W Y$42 8+Y0%0 +? 6X3W \)&.+7W%*W. +? 6X3W 8+7Y83 48:03 6`38: \3W6*.+W3.3 78)8%82 

*X+.B.4W3W] 8+78703*0[03 1–3-#.47.%.+*.3 @8:Y82[8 @$%8*0. 

1 - # . 4 7 .  

H*#1# )-+#"%& 18+)85%("(+F85 /7$("$85 $!5#A 75($%8"(585 3#>#+#- %'"8E8)(58 )-%&6 "J $'5(5(6 ')8"( 

 03868 P 
JY8@8 42*0] 

6\%K.+W, 6% 

T.%4.3*W+W%&.3 

#\6W+, & 

 $+@M'(%832 

`)8Y70[0, 48[ 
 2*0] +? 6X3W 18)8%832 *X+.B.4W, %

1 30 2 2 2,623 84 

2 30 2 2 4,412 91 

3 30 2 2 6,289 92,4 

4 30 2 2 8,654 94,6 
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2 - # . 4 7 .  

H*#1# )-+#"%& E#6;#* *#1&":#* /7$("($85 $!5#A 75($%8"(585  

3#>#+#- %'"8E8)(58 )-%&6 "J $'5(5(6 ')8"( 

 03868 P 
JY8@8 42*0] 

6\%K.+W, 6% 

b8][8Y Y8@0+K8Y 

#\6W+W, & 

 $+@M'(%832 

`)8Y70[0, 48[ 
 2*0] +? 6X3W 18)8%832 *X+.B.4W, %

1 30 2 2 2,324 82 

2 30 2 2 4,141 86,4 

3 30 2 2 6,109 90 

4 30 2 2 8,436 92 

3 - # . 4 7 .  

H*#1# )-+#"%& #;#: 9F(5%()($85 $!5#A 75($%8"(585 3#>#+#- %'"8E8)(58 )-%&6 "J $'5(5(6 ')8"( 

 03868 P 
JY8@8 42*0] 

6\%K.+W, 6% 
J[8K Z&W3*W4W, & 

 $+@M'(%832 

`)8Y70[0, 48[ 
 2*0] +? 6X3W 18)8%832 *X+.B.4W, %

1 30 2 2 2,146 80,5 

2 30 2 2 4,058 84,2 

3 30 2 2 6,004 88 

4 30 2 2 8,157 90 
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Ya *e:i3 Bo[ap0%a7Ya3*a @.%4.3*W+W%&.3 #\6W+*. 8Y8@8 42*0] 78)8%832 *X+.B.4W 78 %-*a3 97 %-[8, 
B8][8Y Y8@0+K8Y #\6W+W3*. 72 %-*a3 94 %-[8, 8[8K Z&W3*W4W3*. 66 %-*a3 92 %-[8 8+770. 

?.&W)W3.3, 4$+@.377.+*W +.&.3.+8M'(%82*0] 3.&W)&W ZK 7X4W%W @8+: 9'6'(%0Y (+.8&.377.+*W] 
.+W7W3*W%.+W6.3 \]*.2), 7\6.3&W 7.6=.+872+8%0Y (@26.3 \]*.2-7\6.3&W 6$%.#2%8%0Y 6`38: \3W6*.+W3 

@\%W= 8%2*8 7'W6*W) BX3. 7.+6'(%0Y (B$[8+0 7.6=.+872+8*8 Y8:38:703 Y$40%0478+*0] @2-&8) 
Y$4=8%8+06.3 *.4$+@M'(40).  $+@.377.+*W +.&.3.+8M'(%82 ZKW3 Y0)*0+2, ([3' 7.+6'(%0Y X*W4, 

Y$%*830%[83 [4]. 200–300 º -Y8 *.:W3&W 7.6=.+872+8*8 4$+@.377.+*.3 6`38: \3W6*.+W3W] #\=7.&.3 
@\%W&W @\%W3&.3. E.&.3.+8M'( *X+.B.4W (94 %) 4$+@.377W] @8478=Y0 68448406.3 +.&.3.+8M'(*83 
#.:W3&W 4$+@.37 68448%8+030] Y8703840 8+Y0%0 830Y78%[83. 

T.+W%&.3 B`60478 4$+@M'([8 Y$%*830%[83 4$+@.377.+*W] WKW3*. @.%4.3*W+W%&.3 #\6W+ 6.3 
B8][8Y Y8@0+K8Y #\6W+W3 +.&.3.+8M'(%82 9'6'(%0Y X*W4 @$:03K8 BZ+&W)W%*W. T`% X*W47W] 3.&W)W 

4$+@.37 BX3. +.8&.377W] *.4$+@M'(40 #.)W3*. 4$+@.377W 100 º -*.3 84=8:703 7.6=.+872+8*8 &8) 
7X+W)*W 3.6.4. 4`:0Y $+&83'#8%0Y 3.6.4. @.:$+&83'#8%0Y +.8&.377.+6.3 \]*.2 @$%0= 78@0%8*0. 
TW)*W] B`60478 +.8&.37 +.7W3*. ^783$% Y$%*830%*0. I8:*8%830%[83 4$+@.377.+ 6.3 ^7'% 4='+7W 1:10 

Y87038478 (5 & 4$+@.37 50 6% .+W7W3*W*.) 5 6'3 68&3'77W 8+8%8470+[0K=.3 8+8%8470+0%*0. 
 $+@.377W] 4$+@M'(%0Y 40:06*0%0[0 80 %-[8 *.:W3 Y8%=038 #.%.*W. 

 

 

1 — @.%4.3*W+W%&.3 #\6W+; 2 — B8][8Y Y8@0+K8Y #\6W+W; 3 — 8[8K Z&W3*W4W 

3-42+.7. JY8@8 42%8+*0 4$+@.377.+ #\6.&W6.3 6`38: \3W6*.+W3.3  

78)8%82 *X+.B.4W3. 7.6=.+872+830] X4.+W 
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c$+078 8:7Y83*8, 8Y8@8 42%8+*0 4$+@.377.+*W] #\6.&W6.3 6`38: \3W6*.+W3.3 78)8%82 
@8+0403*8[0 78)8%832 *X+.B.4W Xp 7Zp%i =apa6e7p%ep&e 7X2e%*i )ep77e%i3*i. JY8@8 42%8+*0 6`38: 

BX3. 6`38: \3W6*.+W3.3 78)8%82 #.)W3*. 8Y8@8 42*0] 6\%K.+W, 4$+@M'(%832 `)8Y70[0, 4$+@.37 
6\%K.+W, 42*0] +? 6X3W 6.3 7.6=.+872+84030] X4.+%.+W Y8+8470+0%*0. 1XBW+'@.3W] $]78:%0 

Ba[*a:%ap0 @.%4.3*W+W%&.3 #\6W+*W Y$%*83[83*8 (78)8%832 *X+.B.4W 98 %), m(@.#.) = 2 &, # = 2 ca[, 

t = 60 ºC, B8][8Y Y8@0+K8Y #\6W+W3*. (78)8%832 *X+.B.4W 96 %) m(B.Y.#.) = 2 &, # = 2 ca[, t = 60 ºC, 8[8K 

Z&W3*W4W3*. (78)8%832 *X+.B.4W 93 %) m(8.Z.) = 2 &, # = 2 ca[, t = 60 ºC @$%8703*0[0 830Y78%*0. 
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D.K.Yusupova, R.N.Nurdillayeva 

Application of the absorption method  

in treatment of wastewater from oil products 

The article presents information on the adsorption method of treatment wastewater from oil products. As a 

sorbent it was used activated carbon, coal walnut shells and sawdust. It was considered impact of the sorbent 

mass, duration of sorption, pH of water and temperature of solution on treatment of wastewater from oil 

products, and established optimal conditions. 
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