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o6beanHeHUs) 1 yrnepoacodepkallimx BOCCTaHOBUTENEN: JOMEHHOIO KOKCa, APEBECHOr0 Yrmsi U HOBOrO kapboHu3ata pekcuna, Ans
npouecca nony4yeHus xernesa npsmoro BocctaHoeneHusi. KoHuerntpar CCITIO npencraBneH MarHeTuToM v cogepxan, %: Feosm- 66,51;
FeO - 22,63; Fe,0, - 69,90; SiO, - 5,05; Al,O, - 1,70; CaO - 3,47; MgO - 0,78; S - 0,32; P - 0,05. XvMu4eckuin coctaB BOCCTaHOBUTENEW,
%: [OMEHHbIN KOKC: Fe s 0.76; FeO - 0,05; Fe,O, - 1,04; SiO, - 6,05; A1,0,-2,62; CaO - 0,41; MgO - 0,46; S - 0,82; P-0,01; C_ - 88,02;
ApesecHbIn yronb: Fe o - 0,58; FeO - He obHapyxeH; Fe, O, - 0,83; SiO,- 0,10; Al,O,- 0,05; CaO - 0,73; MgO - 0,29; S - 0,02; P - 0,09;
C,,- 79,85 1 kapboHuaaT pekcun: Fe s, 0,28; FeO - He o6HapyxeH; Fe,O, - 0,40; SiO, - 1,56; ALO, - 1,04; CaO - 0,27; MgO - 0,32; S-
0,34; P -0,02; C_, -94,84. Pac4€T NCXoAHbIX LUMXTOBLIX MaTepranos Nposenu no Metoauke, npeanoxeHHon KocduHbim H0.C. u Mawiko-
BblM H.®. [NokasaHo, 4To WnxTa A NPUroTOBNEHNSI UCXOAHbIX PYAO-YrofibHbIX OKaTbIWen OMKHA COCTosATh M3 83,78 % KOHUeHTpaTta
CCImO n 16,22 % pomeHHoro kokca; 82,39 % koHueHTpata CCITIO n 17,61 % ppesecHoro yrns; 84,78 % koHueHTpata CCITIO 1
15,22 % kapboHusaTta pekcuna. Metogom [ATA onpepeneHbl TemnepaTypbl Ha4ana B3aumMogencTBUSI MarHETUTOBOTO KOHLEHTpaTa
CCI'TIO ¢ BoccTaHOBUTENSIMU. YCTAHOBIEHO, YTO aKTUBHOE BOCCTaHOBMEHWE OKCUAOB Xernesa TBepAbIM YINepoAoM HaunHAETCs Npu TeM-
nepatypax: anst ApesecHoro yrns — 780 °C, kapb6oHusara pekcuna — 840 °C, nomeHHoro kokca — 930 °C. Npu npoBeaeHMn MeTannusaumm
PYLO-YrofibHbIX OKaTbILen (B Ka4ecTBe CBA3YHOLLErO xuakoe ctekno, p = 1,20 r/cm®) B neun TammaHa ycTaHOBIEHO, YTO Hanbonee npea-
NMOYTUTENbHBIM SIBMSETCS MCMOJSIb30BaHUE B KAYECTBE BOCCTAHOBUTENS KapboHU3aTa pekcuna, nonyyYeHHble MeTanm3oBaHHble OKaTbILLN
copepxann 55— 60 % Fe, , cTeneHb meTannusaumm coctasuna 83-90 %.

KnioueBble cnoBa: koHueHTpat CCITIO, yrnepoacoaepalime BOCCTAHOBUTENM, OMEHHbINA KOKC, APEBECHBIN Yyrosb, kapboHusaT
peKcun, pyao-yronbHble oKaTbILLN
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EFFECT of SOME CONDITIONS of CHARGE PREPARATION on ZINC
DISTILLATION from OXIDIZED ORE

Abstract: Production experience shows that use of many types of secondary mineral resources is technically feasible and efficient. One of
the resource in the production of non-ferrous metals is use of waste of iron and steel industry, in which the content of non-ferrous metals up
to industrial conditions. Thus, in dusts of gas purification of some plants of ferrous metallurgy the zinc content reaches 15 %. The results
of the study of the binder agent effect during the briquetting of charge, the type of the carbonaceous reducing agent, the consumption of
reducing agent, fineness of charge components on the process of carbothermal reduction of zinc from oxidized zinc ore with the addition
of stale dust of gas cleaning of blast furnace smelting were presented. Bentonite, hydrated lime and treacle were tested as binding agent
for briquetting of charge. It is established that optimum binding agent is treacle in an amount of 4.5-5.0 % by weight of the weight of the
ore. It is shown that the residual zinc content in a product of the reduction roasting when using the special coke obtained from coal of
Shubarkol deposit is 1.9 times less, than at using anthracite and 3.3 times less, than at using metallurgical coke, i.e. special coke is the
most active reducing agent. The carbon consumption during carbothermal reduction of zinc from oxide ore with the addition of dust is 22-
24 % lower than in case of zinc recovery from ore. It was found that crushing of charge to class +0.071-0.04 microns reduces the degree
of zinc sublimation. If the size of charge is +1.0 microns, the residual zinc content in the cinder is increased. High recovery efficiency is
achieved with the following composition of charge, wt. %: oxidized zinc ore — 53.8; dust of gas purification of blast furnace smelting — 26.9;
special coke — 21.0; treacle — 5.3.
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Introduction. The annual volume of world pro-
duction of zinc exceeds 10 million tones. Half of this
volume is used to protect steel against rust. Environ-
mentally attractive fact in favor of use of zinc is that
80 % of it is used again, and it does not lose its phys-
ical and chemical properties. Protecting steel against
corrosion, zinc helps to preserve natural resources,
such as iron ore and energy. Extending the service
life of steel, zinc increases the life cycle of goods and
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capital investments, i.e. buildings, bridges, power and
water distribution, telecommunications, thus protect-
ing investment and helping to reduce repair and main-
tenance costs [1].

It is known [2], that 85 % of the total world pro-
duction of zinc is obtained from concentrates, and
the rest of sub-standard and secondary raw mate-
rials and wastes of chemical and metallurgical in-
dustries.
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Increased release of zinc through the processing of
substandard raw materials is an important economic
and environmental objective.

The main zinc-containing waste from metallurgical
industries are blust and steel smelting dusts (Table 1).

Table 1 - Main Components of the Steel Industry Dusts

Content in dust, wt. %

Company Product Zn Pb Fe
Blast- 0.19-
Karaganda 1.1-1.4. 44.9-47 8.
Metallurgical Plant fugr(;iﬁ:/eeggft 0.25.
(Kazakhstan) slag 0.9-1.1.]0.4-0.5.| 58.6-60.8.
West-Siberian
Metallurgical Blast- 12.3-
Plant (Russian [furnace dust| 15.0. 02-0.8.| 38.5-40.1.
Federation)
Dust of
Severstal (Russian |electric steel| 9.9-
Federation) funaces | 17.4. 0718 17.6-39.9.
(ESF shop)

Analysis of scientific, technical and patent
literature has shown the possibility of processing
zinc-containing waste from iron and steel production.
Difference of pyrometallurgical methods of extraction
of zinc is in the parameters of technological mode,
types of fuel and reducing agent used and the
constructive design of systems. [3]

Industrial pyrometallurgical processing of dust and
sludge of gas purification systems of blast furnaces
and converter shops have been mastered by Germany
company named AG Krupp, recycling dust and sludge
of steel production in rotary tube furnaces [4].

Information on the joint recycling of oxidized
zinc ore with zinc-containing waste from ferrous
metallurgy is not available in the literature. At the
same time, during the recycling of oxidized zinc ore
with a low iron content it is necessary to introduce an
iron product in the charge, promoting zinc stripping.
Dust of ferrous metallurgy retaining high profitability
of Waelz process, may be used as the flux instead of
the ballast iron concentrate. In addition, the high zinc
content in the blast furnace sludge will significantly
extend the life of the deposit of oxidized zinc ore.
Such type of deposit is Shaimerden deposit.

Application of charge briquetting in the reduction
roast is one of the cost-effective processing methods
[5-8]. High reactivity of charge is necessary for
the process without slag with the recovery rate of
oxides exceeding the speed of their melting. Use of
active carbonaceous reducing agent, fine grinding
of materials their careful hashing will meet this
requirement. As a result of the production practice
it is confirmed that joint briquetting of the crushed
raw materials and a reducing agent is the best way
of preparation of charge [9]. Addition of binders into

the charge is intended to increase the strength of the
briquettes. [10]

The objective of this work is to study the effect
of the binder during the charge briquetting, the
amount of the carbonaceous reducing agent, the type
of reducing agent, the particle size of charge on the
indices of high temperature reduction roasting of
briquetted charge consisting of oxidized zinc ore, dust
of gas purification of blast furnace smelting and solid
reducing agent.

Experimental Part. Methods of analysis. X-ray
fluorescence analysis was performed with the help of a
wave dispersion spectrometer Venus 200 PANalyical
B.V. (PANalytycal B.V., Holland).

The chemical analysis of samples was performed
with the help of an optical emission spectrometer with
inductively coupled plasma Optima 2000 DV (Perkin
Elmer, USA).

Materials and Instruments. Materials for the study
were the stale dust of gas purification of blast furnace
smelting from the sludge of the storage area in the
West Siberian Metallurgical Plant (Novokuznetsk,
Russian Federation), containing, wt. %: Zn 12.3;
Fe 40.1;Ca3.4;Si14.3; Mg 0.7, Mn 0.2; A11.6; Ti 0.3;
Pb 0.8; S 1.0; ore of the Shaimerden deposit provided
by “Kazzinc” Ridder Metallurgical Complex,
containing weight %: Zn 21.4; Fe 2.6; Si 11.4;
Al5.0; Ca 6.7, Mn 0,8; Ti 0.2; Pb 0.5; Mg 0.3; F 0.2;
Cu 0.01; As 0.02.

Studies on the effect of reducing agent on the high-
temperature reduction process is conducted using
carbonaceous materials available and used in the
industry (Table 2).

Shubarkol deposit refers to low-ash gas coals. The
special coke received by thermal-oxidative coking of
Shubarkol deposit coal represents a solid carbonaceous
reducing agent with grain size of 5-25 mm,
possesses the developed steam structure formed as
large pores, 150-300 microns in size, and less — 0.5-
1.0 microns. [11].

Bentonite, hydrated lime and treacle were tested as
a binding agent during the briquetting of the charge.

Table 2 - Properties of Carbonaceous Reducing Agents

. Anthracite | Metallurgical | Special
Indices
coal coke coke
Technical Analysis, wt. %:

Ad (ash content) 3.73 16.30 2.41

Wt (humidity) 2.31 1.05 3.19

Vel (volatile matter) 5.10 2.67 24.91
Carbon content, wt. % 90.20 79.7 69.20

Sulfur content, wt. % 0.18 0.96 0.10
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Great demands along with giving high mechani-
cal strength to briquettes are placed on binders, they
should not bring harmful or ballast impurity [12], and
the value of binders should be comparable with the
value of raw material agglomerates, otherwise the
value of a binder will make briquetting as a noncom-
petitive method. Hydrated lime is one of binders hav-
ing high bind and flux possibility as well as cheap and
abundant. The main disadvantage of hydrated lime is
that at temperature is above 570 °C, it decomposes
and loses its strength.

The bentonite is the most widely used binder in
the ferrous metallurgy, because it has a great capacity
to absorb water and consists of layers of aluminum
silicates.

The feed treacle is an advanced binder. This type
of treacle is a waste from sugar-beet production, syr-
upy liquid of dark brown color with a water content of
22.7 % and carbohydrates of 58-60 %, mainly sugar,
easily soluble in any proportion of cold and hot water
and with a low value. Treacle is non-toxic, i.€. an en-
vironmentally friendly industrial product.

The high temperature roasting was performed
at a temperature of 1250 °C in a horizontal furnace
Nabertherm - 1300 (Germany) with automatic tem-
perature control. The accuracy of temperature mea-
surement was 5 °C.

Experimental Method. Due to the fact that the
consumption of the solid reducing agent which pro-
vides maximum extraction of zinc fumes in each case
varies depending on the kind of raw material, we se-
lected the consumption of a solid reducing agent as
obviously providing fullness of zinc sublimation.

Briquetting was performed on a laboratory press.
The charge for pressing was mixed in a mixing cup
with a binder, then the sample was maintained un-
der the charge compression within 1-2 min and after
that briquettes were extracted from a forming block
by means of extrusion. Briquettes have a cubic shape
with an edge size of 19 mm.

The briquettes volume of 6.86 cm® was selected
based on the results of thermophysical calculations
of heating and reducing in a horizontal tube furnace.
Drying of briquettes was performed at 130 °C.

The quality of finished briquettes was evaluated
for mechanical strength with the help of stroke meth-
od, with repeated dropping on a concrete slab from a
height of 1 m to the briquette split.

The briquetted charge was placed in an alundum
crucible which was moved into a working zone of a
furnace. The furnace heating was stopped after reach-
ing a temperature of 1250 °C. The crucibles were cov-
ered by an alundum cover. The formed fumes were
collected on the inner surface of the cover. Determi-

42

nation of mass of a crucible containing calcine and
fumes, was performed after cooling the furnace to
room temperature.

Results and Discussion. During experiments on
study of the effect of a carbonaceous reducing agent
type on high-temperature zinc reduction, calculation
of the amount of solid reducing agent necessary for
reduction of oxides under the equal conditions, was
performed with regard to the carbon content in the
material. The ratio in the charge before briquetting
was:
ore : dust : special coke : treacle=1:0.5:0.39:0.1;
ore : dust : anthracite : treacle=1:0.5:0.35:0.1;
ore : dust : metallurgical coke : treacle=1:0.5:0.4:0.1.

Effect of the binder on the indices of high tempera-
ture reductive roasting. Correctly chosen method of
preparation of the charge is an initial prerequisite for
the achieving of high indices of zinc extraction. One
of the components constituting the charge is a binder
used during briquetting.

Results of the reduction roasting of charge bri-
quettes with various binders are given in Table 3.

Table 3 - Results of the reduction roasting of charge briquettes with
various binders

Charge Number Zink
of Calcine .| Degree of
i L content in )
Compo- | Quantity, | strokes | efficiency, calcine metalliza-
nents wt. % of the % wt 0/’ tion Fe, %
briquette -
The binder is treacle of 4.7 wt. %
Ore 50.5
Dust 231 60 | 522 0.50 19.7
Redum?g 195
agent
The binder is bentonite of 1.4 wt. %
Ore 52.2
- E’j“SF 2611 79 53.0 0.79 20.3
e u0|r*1g 20.3
agent
The binder is hydrated lime of 1.3 wt. %
Ore 52.2
- zusf 262 | g9 533 | 090 185
e ung 20.3
agent

*The content of carbon in the charge taking into account carbon in
dust is 25.0 %

The data in Table 3 shows that the mechani-
cal strength of the briquettes increases in the row:
treacle <bentonite <hydrated lime and the residual
content of zinc in a cinder submits to this regular-
ity. Such behavior of the studied binders is caused
by the fact that binding agents in the form of solu-
tions, in comparison with powder, are more evenly
distributed in volume of the briquetted material and
have high reactivity [13].
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Figure 1 — Dependence of residual zinc content in calcine on the form of solid carbonaceous reducing agent

The highest degree of metallization of iron during
high-temperature roasting of briquetted charge is
achieved using bentonite as a binder - 20.3 %, and the
lowest when using the hydrated lime - 18.5 %.

Effect of the binder on the reduction of zinc and
iron to metal during the roasting of the briquetted
charge is determined by the briquette permeability,
the denser briquette, the greater difficulty during the
reduction reactions.

Results of roasting of briquettes of charge with
treacle showed that the reduction reaction of zinc to
gaseous state proceeds with greater speed, than iron
metallization reaction in the received briquettes.

Effect of the type of the carbonaceous reducing
agent on the residual zinc content in the product of
roasting. Studies have shown that the reactivity of the
subjects of the carbonaceous reducing agents have a
significant effect on the zinc sublimation (Figurel).

Shubarkol special coke was the most active
reducing agent. The residual content of zinc in the
calcine after reduction roasting of charge with this
type of coke is 0.49 wt. %. Metallurgical coke has a
much lower activity. The residual content of zinc in
the calcine is 1.61 wt. %. The activity of anthracite
has intermediate value. The residual content of zinc in
the calcine is 0.93 wt. %.

The difference in the effect of the test carbonaceous
reducing agents at the zinc sublimation due to the fact
that according to [11], the reactivity of the special
coke is 5.2 ml/g's, and, for example, metallurgical
coke is 0.62 ml/g-s only. Furthermore, the reactivity
of special coke is 3.82 ml/m?-s, and the reactivity of
metallurgical coke is 0.05 ml/m?*s.

Effect of the amount of solid reducing agent in a
charge on the of high temperature roasting process.

The carbon content in the charge has a great effect
on the process of high-temperature reduction of
oxidized metals. The amount of reducing agent
should be determined as the need to ensure the
required concentration and getting loose, crumbling
cinder.

Studies on the effect of the solid reducing agent as
part of the charge was performed using special coke
derived from the coal of Shubarkol deposit.

It is known [11] that, the share of costs for coking
of coal in the structure of value is 85-90 %, and the
share of the value of coke in the production value of
the most non-blast furnace users as high as 40 - 50 %
[1]. Therefore, it is necessary to attract non-deficient
and cheap coal for the increasing of the efficiency of
production that use the coke. For example, brown,
long-flaming, gas, petrographically homogeneous,
fortified coal of Shubarkol deposit. The coke cost
received from such coals, is below the coke cost,
received from hard coals.

Calculation of an expense of a solid reducing agent
was performed in relation to amount of the oxidized
zinc ore in charge. Results of experiments are given
in Table 4.

Table 4 - Results of the reducing roasting of briquettes of charge
with various quantity of a solid reducing agent

Charge Special Calcine Zinc .| Degree of
. coke L content in .
Compo- | Quantity, | smount efficien- calcine metalllza-
nent wt. % wt. %’ cy, % Wi %‘ tion Fe, %
45.3 53.1 0.66 28.4
Ore 50.5 387 | 522 | 050 19.7
Dust 25.3
Treacle | 4.70 32.0 53.7 0.79 16.2
25.3 55.3 0.92 14.9
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The data in Table 4 shows that the residual zinc
content in the calcine is reduced with increasing ex-
pense of a special coke from 25.3 to 38.7 %. A fur-
ther increase in the expense of solid reducing agent
increases the degree of metallization and residual zinc
content in the calcine.

It should be noted that in case of special coke ex-
pense of 25.3 % the melting briquettes was observed,
at an expense of 32 % the degree of fusion is less,
but calcine is dense and difficult to destroy. In case of
special coke expense of 38.7 % and above, calcines
are loose, friable.

Effect of charge particle size on the residual con-
tent of zinc in the calcine. The effect of material size
was studied in order to study the effect of variables
of process parameters on the residual zinc content in
the calcine. Because the size of the material largely
effects on the efficiency of the recovery process. The
finer the material and the lower the porosity, worse
conditions for heat transfer and the probability of a
material baking is higher.

In the study of the effect of particle size of charge
on the high-temperature zinc reduction, all compo-
nents of the charge were crushed to a uniform par-
ticle size. Content of the test charge, weight. %:
oxidized zinc ore is 50.5; dust of gas purification of
blast furnace smelting is 25.3; special coke is 19.5;
treacle is 4.7.

Figure 2 shows the effect of charge particle size on
the residual content of zinc in the calcine.

1,2
2 1,0 4
i3}
S 0,8
Q
S 0,6
5% 04
S 02-
2 0 ; . : ,
N -0,04 0,10 0,31 050 1,0

Charge particle size, um.

Figure 2 — Effect of charge particle size on the
residual content of zinc in the calcine

From this dependence curve, it follows that
reducing of the charge particle size up to P+0,071-0,04
mm reduces the volatilization of zinc, as evidenced by
the high content of residual zinc calcine equal to 1.02
wt. %. Increasing of the charge particle size up to
the 0.315-micron class led to a sharp reduction in the
residual content of zinc in the calcine up to 0.02 wt. %.
With further increase in particle size up to class
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1.0 mm, the residual zinc content in the cinder was
increased to 0.48 wt. %.

Conclusions. The treacle in an amount of
4.5-5.0 wt. % is the best binder during the briquetting
of charge consisting of oxidized zinc ore, dust of
gas purification of blast furnace smelting and solid
reducing agent. %.

It is found that the solid reducing agent expense of
38-39 % of the oxidized zinc ore amount in the charge
is optimal.

Studies of the effect of charge particle size have
shown that the presence of dust reduces the gas
permeability of charge, increases the probability of
sintering of material, which has a negative impact on
the performance of high temperature zinc reduction
and necessitates briquetting.

Study of zinc reduction from various types of
reducing agents showed prospects of special coke
derived from brown coal of Shubarkol deposit for the
high reduction of zinc oxide ore from the charge and
dust of blast gas purification of furnace smelting gas.
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TYAIHOEME

KenTereH ekiHLWiNik pecypctapabl TEXHMKambIK iCke acblpyFa 6onaTbliHAbIFbIH XaHe TUIMAINITIH eHAIpicTiK Taxipbue kepceteai. TycCTi
mMeTannaapabl eHaeyae pecypc yHempey GarbiTbiHbIH Gipi, kypaMbiHga TYCTi MeTangapAblH Meriepi eHepkacinTe kongaHaTtbliHAan
MerLiepni, kapa MeTannyprusiHblH kangbelfblH KonaaHy 6onbin Tabbinagbl. Kapa metannyprusiHelH, kenbip 3aBofTapbiHAa rasrasanay
LwaHdapbiHaa Mblpbi meniwepi 15 % xeTedi. XXyMbicTa TOTbIKKaH MbIPbILL KEHIHE XaTbin kanFaH AOMeHAiK 6ankelTyablH rasrasanay

WaHaapblH  Kockin  kap6oTepMusanbIK

TOTbIKCbI3AAHABIPY YPAECiHe LWMKiKypaMabl KecekTeyre 6aiinaHbICTbIPFbILIThIH, KOMIpPTEKTI

TOTbIKCbI3AAHAIPFBILTHIH, TYPiHiH, TOTbIKCbI3AAHAIPFLILITBIH LUbIFbIMbIHBIH, LUMKIKYPAM KOMMOHEHTTEPIHIH, YCaKTbIFbIHbIH, 9CcepriepiH
3epTTey HaTwxenepi kepceTinreH. Kecektey kesiHae GannaHbICTbIpFbI peTiHAe GEHTOHUT, CeHAIpinreH oK, CipHeHi cbiHaablK. Tuimai
GavnaHbicTbipFbiw 4,5-5,0 mac. % Kypamabl cipHe Gomnbin TabblnaTbiHAbIFbI aHbikTanabl. LLy6apken KeHOPHbIHbIH KeMipiHEH anblHFaH
CMELKOKCTI KongaHwFaHga TOThIKCbI3gaHablpa KyuaipreHgeri eHiMae MbIpbIWThiH, Mernwepi aHTpauuT kongawraHparblgaH 1,9 ece
KeM, an MeTannyprusinblk KOKC KongaHraHgarbidaH 3,3 ece keM ekeHi aHblktangbl. Crneukokc eH GenceHai TOTbIKChl3AaHObIPFbILL
6onbin Tabbinagbl. KeHHEH MbIpbIWTLI TOTLIKCbI3AaHAbIpFaHFa KapaFaHda TOTbIKKAH KEeHre LuaH KOCKbIM MbIpbIWThl kKapboTepMusinbIK
TOTbIKCbI3AaHAbIpyFa 22-24 % TOTbIKCbI3AaHObIPFbIL a3 XXyMcanaTblHbl aHbikTangpl. Wukikypamael +0,071-0,04 mkm-Fa geviH maviganay,
MbIPbILTHLIH, angay aapexeciH Temenaeteai. LWukikypamHbiH ipiniri +1,0 mkm 6onFanga epteHgigeri Mbipbil kanabifel ecefi. XKorapfbl
OHTalnbl TOTbIKCbI3AAHAbIPY LWMKIKYPaMHbIH Keneci KkypamblHAa, mac. % : ToTbikkaH KeH 53,8; nomeHgik 6ankbiTyablH rasrazanay LwaHbl

26,9; cnevkokc 21,0; cipHe 5,3 6onFaHga kon xeTkidyre 6onagbl.
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Tyiinai cesagep: Mbipbilw, LWKMXTa, TOTbIKKAH MbIPbIW KeHi, AOMHasblK GankbiTyaa LaHHaH rasgbl TasapTy, GainaHbICTbIpyLUb,
Kap6oTepMUATLIK TOTLIKChI3AafbILL

PE3IOME

OpHUM 13 HanpaBneHuin pecypcocbepexeHust Npu NPou3BOACTBE LBETHbIX METAmMOB SIBASETCA UCMOMb30BaHNE OTXOA40B YEPHOM
MeTannyprum, B KOTOPbIX CoAepXKaHne LBETHbIX METanoB AOCTUraeT NPOMbILLNEHHbIX KOHAMUMNA. Tak, B MbIMSX ra3004MCTKA HEKOTOPbIX
3aBOOB YepHOW MeTannyprum copepxaHue LuHka gocturaet 15 %. B paboTte npeactaBneHbl pesynbraTbl UCCNEAOBaHUS BIUSHUS
CBSI3yHOLLEr0 MNpU OPUMKETUPOBAHUM LUUXTbI, BWAA YINepoaMCToro BOCCTAHOBUTEMS, pacxoga BOCCTAHOBUTENS, TOHWMHbLI MoMora
KOMMOHEHTOB LUNXTbl HA NpoLecC KapboTepMn4ecKoro BOCCTAHOBIIEHNS LIMHKA U3 OKUCMEHHOW LMHKOBOW pyAbl C AobaBKon nexanomn
MbiNN ra3004MCTKM OOMEHHON nnaBku. B kadecTBe CBA3yOLWEro npu OGPUKETUPOBAHUM LUMXTbl WCMbITbIBANM OEHTOHWT, ralleHyro
M3BECTb M MaToKy. YCTaHOBMEHO, YTO ONTMMarnbHbIM CBSA3YKOLIMM SIBNSETCA naTtoka B konuyectBe 4,5-5,0 mac. % oOT macchbl pyabl.
[MokasaHo, 4YTO oCTaTOYHOE COAEPXKaHWE LiMHKa B NMPOAYKTE BOCCTAHOBUTENBHOIO 06XuMra npu UCnornb30BaHWKM CrneLKoKea, Nony4YeHHOro
13 yrms mectopoxaeHus LyGapkons B 1,9 pa3 mMeHblue, YeM Mpu UCnonb3oBaHWM aHTpaumTa u 3,3 pasa, Yem npu UCMonb3oBaHUK
METannypruyeckoro Kokca, T.e. CMELKOKC SIBMSIETCst HaMbornee akTUBHLIM BoccTaHoBUTENEM. Pacxod yrrnepofa npu kapbotepMmyeckom
BOCCTaHOBIIEHUM LIMHKA U3 OKUCIEHHON pyAbl ¢ 4o6aBKon Nbinv Ha 22-24 % HwKe, YeM Mpy BOCCTAHOBIEHWMN LIMHKa TOMbKO U3 pyabl.
YCTaHOBMNEHO, YTO n3MenbYeHne WnxTbl 4o knacca +0,071-0,04 MKM CHUXXaEeT cTeneHb BO3rOHKM LinHKa. Mpu pasmepe wnxtbl +1,0 MKM
0OCTaTO4HOE CofepKaHMe LiIMHKa B orapke noBbilleHo. Beicokas adhhekTMBHOCTL BOCCTAaHOBIEHUS JOCTUIAaeTCs Npu criedytoLlemM cocTaBe
LWKNXTbl, Mac. % : OKMCNeHHas uMHKoBas pyaa 53,8; Nbinb ra3oo4ncTKM AJOMEHHON nnaeku 26,9; cney koke 21,0; naTtoka 5,3.

KnoueBble cnoBa: UMHK, LUMXTa, OKUCTIEeHHas LIMHKOBasi pyaa, Nbiflb ra3004MCTKM JOMEHHOM NiaBku, CBA3ytoLLee, kapboTepMmyeckoe
BOCCTaHOBMEHNE
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