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PHYSICOCHEMICAL and FLOTATION CHARACTERISTICS of NEW FOAMING
AGENT - SVIM PRODUCED from FUSEL OIL

Abstract: It is presented technological parameters for synthesis of foaming agent SVIM from fusel oil of Talgar and Aydabul (Astana, Ka-
zakhstan) alcohol factories on pilot apparatus and determined its surface properties. Moreover physicochemical properties of new reagent
were studied and laboratory trials on enrichment of gold-containing ores with new reagent application were carried out. Also laboratory
trials on flotation of sulfide gold-arsenous ores of Balazhal deposit (East Kazakhstan) with application of foaming agents MIBK and SVIM
were conducted. Thus, it was determined content of gold —1.7 g/t, silver — 2.2 g/t, and content, %: copper -0.004, lead - <0.02, zinc — 0.046,
iron —4.27, overall sulfur -1.88, sulfate sulfur — 0.12, arsenic — 0.37, silicon dioxide — 58.9, overall carbon — 1.79, including carbonate car-
bon —1.15 in ore. As a result of rational analysis to determine of gold configuration in ore of Balazhal deposit it was determined, that in the
ore, comminuted to size 80.5 % of class -0.074 mm (content of class with size -0.044 mm — 63.0 %) there are, %: 20.35 — free gold, and
19.19 — free gold with clean surface. There are forms of gold, %: in splice — 46.52, association with sulfuric minerals — 29.65 and with stone
— 3.48. Furthermore granules of gold with size — 0.025-0.05 mm are predominated. Configuration of gold granules with clean surface is
cloggy and granules of gold covered with oxide films — needle-shaped dendrite. Enhancement of foaming capacity and flotation activity of
SVIM is connected with oxidation and etherification of dry fusel oil. In presence of catalyst — sulphuric acid optimal amount of hydrophobic
- hydrophilic groups are generated, that provides approximately the same bubbles. This bubbles create favourable conditions for capture
of ore particles in comparison with bubbles with polydisperse composition of basic reagents. Results of this investigation showed, that by
application of SVIM concentration of gold increases on 6,9 g/t, and extraction of gold into gold-containing concentrate in comparison with

foaming agent MIBK increases by 0,74 %.

Keywords: fusel oil, foaming agents, foaming power, gold-containing concentrate, gold-bearing ore flotation, benefication.

Introduction. The current state of processing of
complex composition of ores shows the almost com-
plete absence of production in Kazakhstan of highly
selective and effective flotation reagents such as collec-
tors and foaming agents. Sharp decrease in assortment
of regents and the high cost of imported reagents re-
quires creation of production of new flotation reagents
and reagent regimes on their basis for the introduction
in mineral processing plants. Actuality and significant
value of the work has the development of synthesis
methods of effective flotation reagents from hydro-
carbon feedstock available in Kazakhstan. Currently,
Kazakhstan has a large number of fusel oils (FO) —
unclaimed wastes of alcohol production. Total amount
of FO are approximately 850 m3 a year. [1].

Synthesis and application of new flotation reagents
are aimed to replace toxic reagents with non-toxic or
less toxic; finding more selectively acting collectors,
foaming agents, modifiers and reagents with well de-
gradable properties under chemical or thermal treat-
ment [2]. Since the required assortment of flotation
reagents causes not only the technical and economic
parameters and opportunities of the flotation process,

but also to a great extent provides in crisis situations
safety of the country. Therefore it is important not
only to evaluate the current situation with production
of reagents in the country, but also to develop research
projects directed on diversification and development
of new more efficient flotation reagents.

The main flotation agents in mining and metallur-
gical industry of Kazakhstan are foaming agents T-92
and T-94 (1.3-dioxane derivatives), MIBK, foaming
agents made in China as well as organophosphorus
and sulfhydryl collectors (aerofloats, potassium and
sodium salts of xanthogenates of primary alcohols)
[1]. However, they are produced abroad, which in-
creases the import dependence of the state.

Therefore, the development of new methods for
the preparation of environmentally safe and cheap flo-
tation reagents based on raw materials of Kazakhstan
and the development of new reagent regimes with
their application for the flotation of gold-bearing ores
is an urgent and timely task.

Experimental part. Technique of carrying exper-
iments. On the basis of averaged and dried fusel oil
was obtained new foaming agent SWIM on pilot in-
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stallation R-620 (Selecta, Spain). The reagent was ob-
tained from fraction of alcohols C3-C9 isolated from
fusel oils with further air oxidation for 3-5 hours in
the presence of a catalyst - a mixture of sulfuric and
acetic acids. The resulting mixture formed acetosul-
foesters containing mainly isoamyl ester of acetic acid
that gives reagent pear odor of essence. It was investi-
gated technological characteristics, physico-chemical
and foaming properties of new foaming agents.

For the investigations 5 kg purified sample of fusel
oil from waste of Talgar and Aydabul (Astana) alco-
hol factories by averaging of fusel oil from different
parties and drying of moisture was prepared.

Fractional distillation of fusel oil was carried out.
According to the literature [3] and the fractional dis-
tillation fusel oil, the main component of dry fusel oil
is isoamyl alcohol with content of more than 50 %.
Fractional composition of fusel oils was determined
on apparatus AVR-LAB-1 for atmospheric distillation
of oils. For this purpose 100 ml of fusel oil was load-
ed to the distillation flask and the fractions was taken
after every 10 °C. Determination was carried out with-
out and with pre-drying of initial fusel oils of Talgar
and Aydabul alcohol factories. Results of fractional
composition are shown in tables 1 and 2.

Analyses of the data in Tables 1 and 2 shows
that the pre-drying of fusel oil with potassium
carbonate allows to increase the content of the
fraction in the temperature range 100-128 °C from
49.7 % to 69.4 % (fusel oil of Aydabul alcohol
factory), 100-128 °C from 46.8 % to 70.1 % (fusel
oil of Talgat alcohol factory). These data indicate
that for esterification of fusel oil requires predrying
or salting of raw materials - fusel oil. This pre-
treatment allows increasing the content of isomeric
structure of alcohols.

The physicochemical properties of dehydrated
fusel oils of Talgar and Aydabul alcohol factories
are investigated. The results of analysis are shown in
Table 3.

Gas chromatography-mass spectrometry analysis
showed that the main components of fusel oil of Talgar
and Aydabul alcohol factories after drying in all the
fractions until 128°C are ethyl, propyl, isobutyl, and
isoamyl alcohols. They accounted 96 % of mentioned
fractions.

Table 3 —Results of physical and chemical analysis of the dried and
homogenized fusels of Talgar and Aydabul alcohol factory

Index of Specific Boiling
Table 1 — Fractional composition of fusel oil of Aydabul alcohol factory Name of the refraction, gravity, d tempe-
component B
nzo d20 rature, °C
Number of Interval of Volume of Volume of b "
fraction temperature, distillate distillate, (after Fusel oil of Tal
oc (without drying), ml “j‘;”‘?"ng plgn%ar 1,3950 0,816 | 82,5-142
drying), ml
1 70-80 2,7
. Fusel oil of Aydabul
2 80-90 45,0 13,5 distilling plant 1,4020 0,818 83,0-143
3 90-100 5,2 13,0
4 100-110 1,7 4,8 . .
5 10120 X a0 The dried fusel oil of Talgar alcohol factory
5 120_128 40’2 37‘0 contains 68 % of iso-amyl alcohol fraction, 17 %
- _;j | 5’7 3‘6 of isobutyl alcohol, 3 % of propyl alcohol and 5
Aak ’ ‘ % of ethanol. The dried fusel oil of Talgar alcohol
il 2.9 966 % of e ol. The dried fusel oil o g coho

Table 2 — Fractional composition of fusel oil of Talgar alcohol factory

Number Interval of Volume of Volume of

of temperature, distillate distillate, (after
fraction °C (without drying), ml

drying), ml

1 70-80 2,8

2 80-90 46,0 13,0

3 90-100 4,1 12,0

4 100-110 1,6 5,1

5 110-120 2,3 25,0

6 120-128 40,0 36,0

7 residual 5,9 4,0

Total 99,9 97,9

factory contains 69.4 % of iso-amyl alcohol, 18 %
of isobutyl alcohol, 3.8 % of propanol and 6 % of
ethanol.

Swim reagents were synthesized on pilot installa-
tion of fusel oil of Talgar and Aydabul alcohol fac-
tories (Figure 1). Then they were oxidized by atmo-
spheric oxygen for 3-5 hours in the presence of an
acidic catalyst - a mixture of sulfuric and acetic acid
in the ratio 3: 0.75-1.

The process for obtaining reagent comprises two
stages:

1 Fusel oil oxidation by atmospheric oxygen in the
presence of a catalyst (8-12 %) for five hours at the
temperature not more than 30° C;



Minerals Benefication

2 The neutralization of the oxidized fraction
was carried out with 30 % of caustic solution with
specific gravity 1.330 g/cm® and recommended ex-
cess of caustic no more than 20 %. In this case the
mass fraction of sodium hydroxide is not less than
2.5 %. This produces mixture of acetosulfoesters
containing mainly isoamyl ester of acetic acid, that
giving to reagent an odor of pear essence. Further
the mixture was neutralized with 10 % of sodium
hydroxide. The content of residual sodium hydrox-
ide is not less than 3 %. The esterification of fusel
oil (1) consists more than 50 % of isoamyl alcohol
proceeds as follows:

H;C H,50,4
CH- CH,-CH, - OH + CH;COOH ——>
~ -H,O
H;C
-H,0 5 TO-CH,-CH,-CH
CH; (1)

Proposed foaming agent is oil with light brown
color, that has an odor of pear essence, is non-toxic
and has good foaming properties with a monolayer
foam.

Method for synthesis of Svim on pilot reactor
(R-620) (Selecta, Spain):

Synthesis of of foaming agent (volume 4.0 1.). In
the pilot reactor were added 1321.20 g of acetic acid
in portions with stirring and 400 ml of 96 % H2SO4
(the temperature should not rise above 35°C). Then
the mass was cooled to 20°C. After cooling under
good stirring for 3 hours was added dropwise 4.0 L of
dry fusel oils. The temperature of reaction should not
be above 25 °C.

After adding the total amount of fusel oil, the
reaction mass was stirred for 30 minutes.

Neutralization of the product. Without waiting for
separation of the reaction mass (during 1-2 hours), an
equal volume of water was carefully poured into the
reaction mixture. A heat generation is observed. Then
the water layer is poured through the lower valve and
the product washed with water. After this the water
is poured out and the product is washed with 25 %
aqueous solution of NaOH. As a result was obtained
3.0 1 of flotation reagent with pH = 8.0-8.5 and specific
gravity = 0.8424 g/cm’.

A representative sample of foaming agent Svim
was obtained in an amount of 20 kg with a content of
the main substance 91 %.

Figure 1 — Image of pilot installation (R-620) (Selecta, Spain)
for synthesis of flotation reagents

IR analyzes of reagent SVIM was conducted. The
spectra were obtained on a FTIR spectrometer «Avatar
370” in the spectral range 4000-250 cm!. For this pur-
pose was taken suspension of a preparation in vaseline
oil on the window KRS-5 and as a reference spectrum
- spectrum of vaseline oil was taken. The attachment
for experiments: Transmission E.S.P. Svim (Figure?2).
In trial was established the presence of compounds:
3-Methyl-1-butanol at 2960, 2934, 2876, 2738, 1469,
1430, 1387, 1369, 1172, 1126, 1054, 1010, 968, 942,
921,904, 838, 765 cm™!, 2-Methyl-1-propanol — 2960,
2933, 2876, 1387, 1369, 942, 904, 819 cm’, dena-
tured alcohol — 1089, 1054, 882 cm™'. The stretching
vibrations of the group C=0 are 1743, 1724 cm..
The absorption band with maximum at wave number
1260 cm™ falls in the range of asymmetric stretching
vibrations of C-O-C esters, lactones, etc., as well as
the stretching vibrations C=S. Deformative fluctua-
tions 6 NON are 1651 cm™ for water molecules.
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Figure 2- The infrared absorption
spectrum of the sample with SVIM
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The correct choice of of foaming agent allows
significantly increase of the flotation results. This
is because the flotation velocity of recleaning in the
foam and circulation of the solid phase is largely de-
termined by the properties of the foam [4].

The necessity to select the of foaming agent is
determined by its ability to change the proportion of
physically adsorbed molecules in sorption layer of
the collector [5]. Stabilization of the flotation foam
is caused mainly due to the hydrophobic solid phase.
Adsorption on of foaming agent on particle-free areas
of the bubble surface allows increasing foam strength
of [6-8].

It was conducted investigations to establish the
foaming ability of newly synthesized foaming agent
Svim in comparison with traditional foaming agents
MIBK and T-80 in a special unit.

Foaming ability of reagent was determined as
follows: from the original foaming solution was
prepared 1 % solution. This solution was used to
prepare foams. For this purpose portion of the foam
solution (10-12 ml) was poured into a foam gen-
erator, which was connected to microcompressor
and bubbled through the previously cleaned and
humidified air solution. When a certain amount of
foam was achieved air supply was stopped. Foam
and liquid volume in the foam was measured every
15-20 seconds. Then was calculated multiplicity of
the foam for each foaming agent. The foaming abil-
ity of foaming agent Svim was determined foam
volume of two-phase foam at different pH. Its sta-
bility depends on the consumption of reagents in
comparison with MIBK and T-80. Investigation of
the properties of the new foaming reagent Swim-
TA (Figure 3) shows that Swim in comparison with
T-80 has higher foaming capacity, but less than
MIBK.

h foam, mm
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= oA— 2
A
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A
60
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1-T-80; 2 - SVIM; 3 — MIBK

Figure 3 — Foaming ability of Swim,
MIBK and T-80- reagents depending on pH

Selection of methyl isobutyl ketone (MIBK),
that is widely used in Russia and foreign coun-
tries, is due to the ability of a water soluble re-
agent that does not have sharp or unpleasant
smell, form a fragile mobile foam due to the iso-
meric structure of molecules and the presence in
the composition of the polar oxygenate hydroxyl
groups CH,-CHOH-CH - CH (CH,),, at the same
time imparting high adsorptive activity and ef-
fective foaming properties [6]. Another advan-
tage of MIBK (another name isohexyl alcohol
or 4-methyl-2-pentanol), recognized as a very
promising reference foaming agent is self-pu-
rification of reservoirs when it hits in residual
amount. However MIBK concedes on flotation
activity Swim, which may be associated with im-
proved foaming properties and flotation activi-
ty of Swim under certain pH in comparison with
traditional foaming agent T-80, which may be as-
sociated with the formation of uniformly loaded
foams. They are quickly destroyed in the gutters,
that can intensify flotation process by increasing
the fixing strength of air bubbles on the surface
of the mineral particles. However by oxidation
and esterification of dried fusel oil in the pres-
ence of catalyst-sulfuric acid are forming hydro-
phobically optimal amount of hydrophilic groups
providing approximately equal bubbles. These
bubbles create favorable conditions for capturing
of mineral particles in comparison with bubbles
with polydisperse composition of basic reagents.

The obtained solution generating of foams in-
creases with increase of pH (Figure 3). It has partic-
ularly strong position, starting from pH 6 and has a
maximum value at a pH of 10 or more, which indi-
cates that the foaming properties of the synthesized
foaming agent fulfill the requirements to the flotation
conditions by concentration of gold ores.

Table 4 shows the parameters characterizing the
quality of the foams generated in a 1 % solution of
foaming.

Table 4 — Parameters characterized the quality of foams generated in a 1
% solutions of foaming agents — SWIM, MIBK and T-80

Foa- | Volu- | Multip- _MaX|mum Disper- Sur_face

: s capillary pressure B tencion of
ming [ meV, | licity - sity .
agent| ml K in channels, au solution, o

=30 ¢ Plateau AP__ mN/m

SVIM | 112 110 180 1,1 40,0
MIBK | 118 155 190 1,3 39,4
T-80 | 100 180 168 1,0 41,0
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Results and Discussion. The comparative labora-
tory tests of foaming agents MIBK and Swim on sul-
fide gold-arsenous ore of Balazhal (East Kazakhstan)
deposits was carried out.

The ore contains: gold - 1.7 ppm, silver - 2.2 ppm,
copper - 0.004 %, lead - <0.02 %, zinc - 0.046 %, iron -
4.27 %, total sulfur - 1.88 % sulfur of sulphate - 0.12 %,
arsenic - 0.37 %, silica - 58.9 %, total carbon - 1.79 %
including carbon of the carbonate - 1.15 %.

Rational analysis to determine the form of find-
ing gold in the ore deposits Balazhal shows: in ore
milled to a particle size 80.5 % with class 0.074 mm
(0.044 mm class contains 63.0 %) contained 20.35 %
of the free gold. In which connection 19.19 % is free
gold with a clean surface. The splices contain 46.52
% of gold. Moreover with sulfide minerals is asso-
ciated 29.65 % of gold and with the rock - 3.48 %.
Gold grains with size of 0.025-0.05 mm are prevail-
ing. Gold grains have clean
surface, are cloddy, acicu-
lar, dendritic and coated
with oxide films.

ural pH in the basic flotation operations [10]. Pyrite
and arsenopyrite are effectively floated at pH = 8. In
weakly acidic medium (pH=6.5-6.8) exists a differ-
ence in the oxidation of arsenopyrite and pyrite.

At aeration they oxidized by atmospheric oxygen.
Moreover arsenopyrite loses floatability quickly than
pyrite. In this article an effective flotation of sulfides
at pH = 8.4-9.0 is established.

For the purpose of activation of sulfides (pyrite,
arsenopyrite) was tested the effect of copper sulfate
for depression carbonaceous minerals and polygluco-
side Betamin C. A full assessment of actions of in-
vestigated foaming agents carried out on the devel-
oped technological scheme allowing obtaining final
tailings for gold content. Scheme of trials in a closed
loop is shown in Figure 4, the results of closed trials -
in Table 5. Moreover it was carried out the fractional
flow of reactants.

Ore

Grinding SO&W;% -0,074 mm

Investigation of ore flo-
tation of Balazhal deposit.
For investigations of the

The primary flotation 8 (0 = 4) minutes

-

flotation was used reagent
modes, using the following
reagents:

— isobutyl xanthogenate Recleaning 6 minutes

Control flotation 12 (0+6) minutes

(dry, activity 84.5 %).
— MIBK (methyl isobutyl
carbinol, isohexyl alcohol,
2-methylbutanol-4,  oily
liquid, 100 % activity).
— copper sulfate Cu-
SO,"5H,O (copper sulfate pentahydrate), actyvator.
Content of basic (copper sulfate pentahydrate)-
96-98 %.
— betamin C — polyglucoside, food grade, powder
or granules, depressor. The content of the basic sub-
stance - 97,0 %. It has a complete solubility in water.
In flotation practice of similar gold-bearing ores
are widely used as collectors-isobutyl and diisobutyl
xanthogenates and aerofloats [9]. Therefore for com-
parison of experiments on flotation of sulfide ores of
Balazhal deposit was used isobutyl xanthogenate.
The priority is the ore milling operation to 80.5 %
of the class -0,074 mm, since in this case in the flo-
tation concentrate is extracted maximum amount of
gold - 82.35 %. In the flotation practice are noted a
good floatability of sulfides and free gold with nat-

Concentrate

Tailings

Figure 4— Scheme of ore flotation of Balazhal deposit in a closed loop

The results of investigation in closed loop con-
firmed that flotation of sulfide gold-arsenous ore
of Balazhal (Eastern Kazakhstan) deposit with the
usage of new foaming agent SVIM can effective-
ly replace MIBC in the flotation of similar sulfide
gold ores.

It is shown that application of a foaming agent
Swim increases gold content to 6.9 ppm. Wherein
gold recovery in gold concentrate amounts 94.81 %
and is 0.74 % higher than MIBK. Thus the total cost
of blowing agents are as follows: MIBK - 140 ppm,
SVIM-160 ppm.

Thus, the new foaming agent SVIM in comparison
with base foaming agent are low-cost and more flota-
tion active because of the optimal ratio of hydrophil-
ic-hydrophobic balance in its molecule.
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Table 5 — Results of trials of flotation separation of gold from ore
Balazhal deposit with different foaming agents in a closed cycle

Name | Out- | Content, | Extraction Condition of trials
ofthe | let, | ppm, % , %

product | % | Au| As | Au | As

Trial
Concen-

Primary flotation: time
— 8 (0+4) minutes; pH
6,96 |23,3|4,36 [94,07|87,87 |- 8,4;

93,04 (0,11 |0,045(5,93 |12,13|Betamin C — 50+50
ppm; CuSO, -
250+200 ppm; isobutyl
xanthogenate — 90+70
ppm; MIBK—60 + 40
ppm.

Control flotation: time
— 12 (0+6) minutes;
100,0/100,0|{CuSO, — 50+50 ppm;
isobutyl xanthogenate
— 30+30 ppm; MIBK —
20+20 ppm.
Recleaning: time — 4
minutes

trate
Tailings
of dump

Ore 100,0(1,72|0,35

Trial
Concen-
trate
Tailings
of dump

Primary flotation: time
— 8 (0£4) min; pH-
5,32 |30,2|5,82 [94,81|88,61|8,42;

94,68 (0,1 |0,042(5,57 |11,39 |Betamin C — 50+50
ppm; CuSO, -
250+200 ppm; isobutyl
xanthogenate —
90+70 ppm; SVIM -60
+ 60 ppm.

Control flotation: time
— 12 (0+6) minutes;
CuSO, - 50+50 ppm;
isobutyl xanthogenate
—30+30 ppm; SVIM —
20420 ppm.
Recleaning: time —4
minutes

Ore 100,0|1,7 10,35 |100,0{100,0

Conclusions. It carried out works on synthesis
new foaming agent SVIM from u3 averaged and
fusel oil dried in a pilot installation R-620 (Selec-
ta, Spain). It was investigated its physicochemical
properties, conducted laboratory trials on the flo-
tation of gold-bearing ores with their application.
Also it was investigated foaming properties of new
foaming agent SWIM at different pH and depend-
ing on the consumption of reagents in comparison
with MIBK and T-80. It is shown that SWIM in
comparison with MIBK has lower foaming proper-
ties and in comparison with T-80 its foaming ability
is higher. However, in spite of this Swim in com-
parison with basic foaming agents has increased
flotation activity due to the formation of bubbles
with approximately the same size.

Comparative laboratory trials were carried out on
the flotation of sulfide gold-arsenous ore of Balazhal
deposit (East Kazakhstan) with the usage of foaming
agents MIBK and SVIM. A full evaluation of actions
of investigated foaming agents was carried out by de-
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veloped technological scheme allowing obtaining of
final tailings on the minimum content of gold. In this
case the fractional flow of the reactants was carried
out. The results showed that by the usage of SVIM
gold content in the concentrate is increased to 23.3
ppm to 30.2 ppm. The gold recovery in gold-contain-
ing concentrate is increased by 0.74 % in comparison
with MIBK and amounts 94.81 %.

At the same time, total expenditures of foaming
agents amounted: MIBK - 140 ppm, SVIM -160 ppm.
Thus, the reagent SVIM enables significantly increase
of the quality of concentrate. The gold recovery is at
the level of basic foaming agents.
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TYAIHOEME

Tanfap xaHe Angabyn (ActaHanblk) CnMpT3aybITTapblHbIH Kangbifbl 60Mbin caHanaTbiH - cyByxa MalblHaH kebikteHaiprin CBUM-ai
MUNOTTbI KOHABIPFbIAA CUHTE3AEYAIH TEXHOMOMUANBIK NapaMeTprepi xaHe onapAblH 6eTTik kacueTTepi aHbikTanabl. XXaHa peareHTepain
PU3MKanbIK-XUMUATBIK KACMETTEPi 3epTTeniHAi XoHe onapAbl anTbliH KypamAbl keHaepdi OanbiTyFa KonpgaHa OTbIpbin 3epTXaHanbl
Toxipnbenep xyprisingi. Banaxan keHopHbiHAaFb! (LUbiFbic KazakcTaH) cynbuaTi anTbiH-KyLISH KypaMAabl KEHHIH droTauuscbiHa
MWBK »xeHe CBUM kebikTeHaipriluTepiH KonpaaHy apkbinbl 3epTxaHarnblk Taxipbuenep xyprisinai. KeHHiH KypaMblHaa TeMeHaerinen sattap
aHbIKTangpl: antbiH — 1,7 r/1, kymic — 2,2 r/1, Mmbic — 0,004 %, kopfacbiH — <0,02 %, Mbipbiw — 0,046 %, Temip — 4,27 %, xannbl KyKipT —
1,88 %, cynbdar kyniHae KykipT — 0,12 %, kywaH — 0,37 %, KpeMHuIn Koc ToTbiFbl — 58,9 %, xannbl kemiptek — 1,79 %, COHbIH iWiHAe
kap6oHaTTbl kKemipTek — 1,15 %. Banaxan keHopHblHAaFbl keHai -0,074 mm knacTtbl 80,5 %-fa yHTakTan (-0,044 MM knacTbiH MernLepi
63,0 %- Kypaabl) paumvoHanabl Tangay >yprisreHae LWblkkaH HaTwkenep: 6oc kyriHaeri antbiH - 20,35 %, coHbIH, iwiHae 19,19 % anTbiH
Tasa 6etTi. XKaHackaH anTbiH — 46,52 %; cynbdua MvHepangapbiMeH accoumaumsananraH - 29,65 %, 60¢ XblHbICNEH accouuaLmsnaHfaH -
3,48 %. AnTbIHHbIH AaHAepiHiH 0,025-0,05 mm enwemi 6ackiM. ANTbIHHBIH Ta3a GeTTeri niliHi TyipLUiK Tepisaec, an ToTbIK kKabblpLUbIKNEH
KanTanfaH anTblH UHe Tapisaec, AeHapuTTi. CBUM-HIH kebikTy3riwTik kabineTTiniri MeH drnoTakTUBTINIriHIH XoFapbl 6onybl KypraTbifFaH
cuByXa MamblH KYKIiPT KblILLKbIMbl KaTanusaTopbl kaTblCbiHAa TOTBIKTHIPbIN XaHe aTepudmkauusra ylbipaTkaHaa oHTannbl ruapodobTbl-
rugpochmnai Tontap wamameH Gipaen enwemai kenipLliktep Ty3inyiH kamTamachl3 eTyiHe GannaHbiCTbl TyCiHAipyre 6onaabl. MyHaaw
kenipwwikTep 6a3anblk peareHTTepAiH MonuAMCNepcTi Kypamabl KenipliikTepiMeH canbiCTbipfaHAa MuHepanpapAbiH 6eTTtepiHe oHaw
XabblcyFra MyMKiHAIK TyFbi3agbl. HetwxkeciHae CBUM - pi konpgaHfFaHga, anTbiHKypamAbl KOHUEHTpaTTaFbl anTbiHHbIH yneci 6,9 r/t
XOFapbinagel, an oHblH 6eniHin weiFysl MUBK- meH canbicTeipranaa 0,74 % apTTbl.

TywniHAi ce3pep: cuByxa mabl, kebikTeHaipriluTep, KebikTeHAipril kabineTTiniri, anTbIHKypaMabl KEH, corioTaums.
PE3IOME

OTpaboTaHbl TEXHOMOrMYeckue napameTpbl cuHTe3a BcneHunsatens CBUM u3 cuByliHbIX Macen Tanrapckoro un Aigabynbckoro (r.
AcTaHa) cnmpT3aBOAOB Ha NUITOTHOWN YCTAHOBKE U OMNpeaeneHbl ero NoBepXHOCTHbIE CBONCTBA. M3yyYeHbl (DU3nKo-Xxummnyeckme CBOMCTBa
HOBOro peareHTa, NpoBefeHbl NabopaTopHble OMbIThbl MO OboraleHno 3010TOCoAepPXaLLNX pya € ero npumeHeHneM. MNpoBedeHbl na-
6GopaTopHble ONbITbl MO ProTaLMU Ha CynbUAHON 30110TOMbILLLSAKOBUCTON pyae MecTopoxaeHus banaxan (BoctouHbli KaszaxctaH) ¢
ncnonb3oBaHvem BcrieHvBatene MUBK n CBUM. B pyane cogepxutcsi: 3onota — 1,7 /1, cepebpa — 2,2 r/1, a Takke, %: mean — 0,004,
cBuHUa — <0,02, unHka — 0,046, xxenesa — 4,27, cepbl obLen — 1,88, cepbl cynbdatHon — 0,12, mbiwbska — 0,37, ABYOKUCH KPEMHUS —
58,9, yrnepopaa obuero — 1,79, B ToMm uncne yrnepoga kapboHatHoro — 1,15. [No peaynsratam paumoHanbHOro aHanmnsa Ha onpegerneHve
opm HaxoxaeHus 3010Ta B pyae MecTopoxaeHns banaxan yctaHoBneHo, 4To B pyae, uamensveHHon ao kpynHoctu 80,5 % knacca
-0,074 mm (copepxaHue knacca -0,044 mm — 63,0 %) copgepxutces, %: 20,35 — cBobopHoro 3onota, npudem 19,19 — cBoboaHoe 30M0TO
C YMCTOW NMOBEPXHOCTLIO. POPMbI HAXOXAEeHWS 3onoTa, %: B cpocTkax — 46,52, ¢ cynbuaHsIMn MuHepanamm accoummnposaHo — 29,65, ¢
nopogon accouunpoBaHo — 3,48. Npeobnagatot 3epHa 3onota pasmepamu 0,025-0,05 mm. dopma 3epeH 30noTa ¢ YUCTOM MOBEPXHOCTLIO
KOMKOBaTasi, a 3epeH 30510Ta, MOKPbITOro OKUCHBLIMM NIIeHKaMy — uronbvarasi, AeHApuTHas. YnydlleHne neHoobpasytoLern cnocobHocTu n
rnotoakTmHocT CBUM MOXeT BbITb CBA3AHO TEM, YTO NPU OKUCTIEHWUU U 3TepUdUKaLMM OCYLLEHHOTO CUBYLLIHOTO Macria B MPUCYTCTBUM
KaTanusaropa CepHOW KMCNoTbl 06pasytoTcs OnTMMarnbHble KonMyecTsa rmapodobHoO-rapodunbHbIX rpynn, obecneunsatowne npnbnu-
3UTENbHO OAMHAKOBbIE MYy3bIpbKW. Takue Ny3bipbKu CO3AatT brnaronpusaTHbIe YyCNoBUS AN 3axBaTa MUHEparbHbIX YacTULL, N0 CPaBHEHUIO
C ny3blpbkaMu NonMancnepcHoro coctasa 6a3oBbix peareHTOB. Pe3ynbraThl nokasanu, 4to npu ucnonb3osaHum CBM copepxaHue 30-
noTa nosblwaeTcs Ha 6,9 r/T, a n3BneyeHne 30M10Ta B 30110TOCOAEPKALLMIA KOHLEHTPAT yBenMynBaetcs, no cpasHeHntio MVBK Ha 0,74 %.

KnioueBble crioBa: CvBYLLHOE Macro, BCrieHuBaTenu, neHoobpasyoLuasi cnocobHoCTb, 3onoTocoaepxatlas pyaa, drnoraums, 06o-
rawieHue.
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