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LADLE AND IN-MOLD MODIFICATION METHODS
FOR OBTAINING CASTINGS FROM CAST IRONS
WITH VARIOUS GRAPHITE MORPHOLOGY

Introduction. In the world practice of foundry, modification has reached the status of leading direction of research and
applied work to improve the technological and service properties of structural cast irons.

Problem Statement. Modifying treatment of liquid iron provides for not only the creation of certain types of modifiers,
but also for the development of such methods for introducing modifier into the melt, which are adaptable to the conditions
of foundries and take into account the requirements for specific groups of castings.

Purpose. To develop a pilot technology for the modification of electric furnace melts of cast iron in unsealed ladle with
removable bowl caver and casting molds using complex reagents in the form of pressed powder briquettes and lumpy fused
master alloys for the production of castings with lamellar, vermicular and spherical graphite.

Materials and Methods. The following materials have been used in the research: gray castiron, as an object of research
for modifying treatment, magnesium-lanthanum-containing lumpy and briquetted powder modifiers, as well as nitrogen-
containing lumpy and briquetted powder modifiers to produce cast iron with various forms of graphite, depending on the
requirements for castings.

Results. A pilot technology for cast irons using pressed powder nitriding briquettes to increase twice the tensile strength
of structural gray castirons (from 200 MPa to 400 MPa) without alloying and heat treatment and a ladle process for modifying
molten iron melts with lanthanum-containing modifiers have been developed. The prospects for the production of nitrated
iron with vermicular graphite with a sulfur content of up to 0.1% wt. by re-melting the nitrogenous metal charge and fresh
and rotary cast irons and therefore with the possible minimum additional introduction of nitrogen in the furnace or in the
ladle or in the mold have been substantiated.

Conclusions. The pressed powder composite modifiers are recommended as the most effective ones for the mentioned
modifying methods, depending on the requirements for castings.

Keywords: ladles, intra-form modifying, magnesium-lanthanum- and nitrogen-containing complex modifiers.

According to the forty-sixth census of world | 25 million ton CNG (cast iron with nodular
foundry production [1], the global annual output | graphite) and CVG (cast iron with vermicular
of shaped castings of ferrous and non-ferrous al- | graphite). 90% of total CNG and CVG tonnage
loys reaches 100 million metric tons, including | (22.5 million tons worth about USD 40.5 bil-

lion) is manufactured using ladle modification
©§[;II<1\14{€151%{, ESI\IIKEUER\C/NSSIEE E/K&Z%%REBSE%YE i’yG'A" methods, while the remaining 10% (2.5 million
and GONCHAROV, A L., 2019 tons worth about USD 4.5 billion) is obtained

53




Zakharchenko, E.V., Shinsky, 0.1., Baglyuk, G.A., Klimenko, S.l., Kurovsky, V.Ya., Sirenko, E.A., and Goncharov, A.L.

Fig. 1. Scheme of a tandish-cover ladle with a removable cap
on the bowl [6—7]: a — the lid-bowl; b — pouring and ex-
haust hole; ¢ — a spheroidizer or vermicularizer; d — fire-
proof partition; e — the upper level of filling the ladle with
liquid iron; & — average height of the melt layer in the bowl
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Fig. 2. Scheme of a tandish-cover ladle with a stationary cap

of abowl [7]: @ — the upper level of the melt (mass — 455 kg);

b — inlet/outlet port; ¢ — fireproof partition; d — MgFeSi

alloy; e — cover material; 2 — is the average height of the
melt layer in the bowl

by in-mold methods for modifying treatment of
liquid iron. The annual proceeds from sales of
CNG and CVG castings amount to USD 45 bil-
lion, which makes it possible to assess the scale and
significance of this large sector of world found-
ry production.
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The most effective ladle method, as the prac-
tice has shown, is a method called tandish-cover
in the USA and known under this name in many
countries. The method involves the use of un-
sealed ladles with a removable or fixed lid-bowl
and a refractory partition in the bottom of the
ladle.

The first versions of tandish-cover ladles were
developed in the USA in the late 1970s [2—5].
They enabled on the whole to solve the actual
problem of economy, simplicity, and safety of the
modification process, to significantly reduce the
pyroeffect and smoke evolution, to increase the
assimilability of magnesium and other modifier
elements up to 70—80% by installing a bowl on
the ladle of a removable or stationary casting lid.

The purpose of this publication is to present
data on modern designs and experience in the op-
eration of unsealed ladle with a lid-bowl, and also
to substantiate the choice of modifiers for the
production of castings from CNG and CVG using
the ladle and the in-mold methods.

UNSEALED LADLES WITH LID, A BOWL
FOR MODIFYING TREATMENT OF LIQUID CAST IRON

This highly efficient and relatively simple
method involves the use of a removable or fixed
lid-refill lid and a pouring outlet. The cast iron
melt is poured through the lid that is a bowl into
the ladle, in the reagent chamber of which there is
a magnesium-containing modifier (Figs. 1, 2).

Figs. 3—6 show several other effective designs
for ladle tandish covers, to release the cast iron
from the ladle through the hole in the same bowl.
In comparison with the known ladle methods
"pour-over" and "sandwich", this method has the
following advantages: a higher and reproducible
assimilation of magnesium (60—80%); the ab-
sence of pyroeffect and a sharp decrease in smoke
evolution; reduced losses of carbon and tempera-
ture of liquid iron; a less violent reaction; a more
efficient ladle design; and a smaller amount of
slag formed during the modifying treatment.

The thickness of steel cover is set taking into
account the weight of refractory lining and liquid
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iron in the sprue bowl. The skirt is a reflector and
the bowl is made of a thinner steel sheet. No spe-
cial refractories for the lid are required. When
calculating the diameter of casting-outlet ope-
ning it is assumed that the molten iron must re-
main in the bowl until the reaction between the
modifier and the cast iron melt ceases.

The calculation is based on the well-known
Ozanna formula for cast iron [5]:

R
0 1,u0,31h,

where F is the area of the cup opening, cm? 1, is
duration of filling, s; p is the dimensionless flow
coefficient when the metal flows out of the cup
opening (approximately p = 0.85); 0.31 is coeffi-
cient with the dimension of kg / (cm?? - s5); A, is
the average metallostatic head (average height of
the melt layer in the bowl), cm; G is the mass of
the metal poured into the ladle, kg.

When the mass of iron is less than 1 ton, A
should be within 10—15 cm, and the height of
bowl’s cavity should be 2—3 times larger. In lad-
les with a fixed cover for insertion of the magne-
sium modifier into the ladle cavity and relief of
excess pressure, a special hole is provided in the

Fig. 3. Scheme of a tandish-cover ladle with removable-sli-
ding lid-bowl. Arrows 7, 2 and 3 indicate the direction of mo-
vement of the lid-bowl [7]
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Fig.4.Scheme ofatandish-coverladle with asemi-stationary
lid-cup [7]: a — funnel for loading the modifier into the ladle;
b — a gear transmission; ¢ — steel cork; e — filling hole; f —
pouring bowl; g — a passage sealed with a clay mass; & —
modifier of MgSiFe; i — sensor for measuring gravity
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Fig. 5. Teak type ladle tandish cover with one port for liquid
castiron [7]: a — cast-iron ladle cover; b — funnel for loading
the modifier into the ladle; ¢ — pouring bowl; d — cover; e —
device for fixing the ladle cover; f — fireproof packing; g —
spheroidizing modifier; A — refractory tube
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ladle. To create a reagent and a metal receiving
chamber in the ladle cavity, a refractory separa-
tion partition should be used. The use of partition
and a cover material with appropriate fluxes redu-
ces the intensity of build-up in the ladles. It is desi-
rable to use a circular ring of fibrous ceramic insu-
lators between the lid and the ladle lining, which
acts as a cushion and seals the junction area.
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Fig. 6. Teapot type ladle tandish cover with two ports for

liquid cast iron [7]: @ — outlet port; b — ladle cover with an

edge grip of the ladle shell; ¢ — cork (plug) used when filling

the ladle with a modifier; d — filling port; e — reflecting
plate; f — a spheroidizer (vermicularizer)

Fig. 7. Scheme of the "De Tait Cover" ladle for spheroidizing
graphite for processing molten iron [2]
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The variant of the tandish-cover method with
the use of multi-position carousel tables enables
to provide a high performance of spheroidizing
treatment.

Specialized firms in the USA have mastered the
production of several types of tandish-cover lad-
les and supply them to foundries that manufac-
ture CNG castings. American Foundation Funds
have developed a series of 10 models of DE Tait-
cover ladles with a nominal capacity of 0.45 to
4.5 tons (Fig. 7). The ladle consists of three bol-
ted parts: a "Tait-cover" cover, a body, and a de-
tachable bottom. The joints of the assembled
units are sealed with refractory paste. The lid fi-
xed to the upper part of the ladle body, is not re-
moved until the next repair or replacement of the
lining. It consists of a receiving-pouring bowl with
a grooved toe and a hole for the outlet-metal in-
let; tubes for loading a portion of shredded sphe-
roidizer provided with a quick-acting and tightly
fitted weighted cap-latch; self-sealing vent to re-
lieve excess gas pressure and to insert a burner to
preheat the ladle, and a window with a quick-re-
lease door for slag discharge.

The ladle body is equipped with a gear mecha-
nism for turning the ladle and with an upper sus-
pension frame. The removable bottom is divided
by a vertical partition into a reagent- and a metal-
receiving chamber. When the ladle is filled with
cast iron, the bowl must be filled to, at least, half
its height, which prevents aspiration of air into
the ladle.

Accurate weight control of the cast iron is re-
quired to avoid overfilling the ladle and filling
the vent hole and the tube. The rate at which the
metal leaves the ladle depends on the diameter of
the hole in the bowl. The ladles are delivered
without refractories, but are balanced for a cer-
tain thickness of the liner. The delivery set also
includes special metal plates with models for lin-
ing the slag window, the main body, and the bot-
tom. These models have a rigid structure, so the
lining mass for all ladle assemblies, with the ex-
ception of the bowl, can be compacted by tam-
ping, pouring or vibrating (the mass for the bowl
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Fig. 8. Diagram of a teapot of the "mod-tandish" type for spheroidizing graphite for pro-
cessing molten iron [2]

is sealed only with the packing). The modifier is
loaded through a removable funnel with a diame-
ter of 90 or 115 mm. On average, assimilation of
magnesium in a ladle of the “DE Tait-cover” type
makes up 60—70%, depending on the magnesium
content in the modifier and on other factors. The
experience of the operation of these ladles has
been considered in [3—4].

Alco Stendad Corporation (USA) produces 13
models of tee-tandish teapots with a nominal ca-
pacity of 0.23—4.6 tons (Fig. 8). Pouring and cas-
ting of cast iron are made through the ladle's toe,
and the the modifier is loaded into the reagent
pocket through a window equipped with a hinged
lid. An automatic system for loading portions of
spheroidizer into a ladlet has been developed. As
compared with the methods of pour-over and
tandish cover (in the De Tait-Cover ladles), the
spheroidizing treatment of cast iron in such ladles
provides a saving of about USD 16 per each ton of
pig iron due to a reduction in the consumption of
magnesium ligature and inoculator ferrosilicon.

There has been a positive experience in the
production of cupola-melt CGS by treatment with
magnesium-containing ligatures in large unsea-
led tandish ladles equipped with a removable lid-
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cup [1]. The Institute of Casting Problems of the
NAS of Ukraine has developed and tested this
technology at the iron foundry of the Novo-Kra-
matorsk Machine-Building Plant, using 10- and
20-ton ladles. The assimilation of magnesium
from Mg-REM-Si-Fe master alloy (6—7% Mg,
0.6% REM) is, at least, 60%. Filling of a 10-ton
ladle with cast iron through a hole 100 mm in
diameter lasts about 3 minutes. The tandish-cov-
er method provides sufficiently high properties
of cast iron in the cast state (¢, = 530—680 MPa,
o =330—420MPa, 8 = 3—8%), at a moderate hard-
ness (197—229HB).

COMPLEX MODIFIERS FOR SPHEROIDIZATION
AND VERMICULARIZATION OF GRAPHITE
IN CAST IRON BY THE LADLE AND INTRA-MOLD
MODIFICATION METHODS

In the composition of complex modifiers, re-
gardless of the method of their production and
the method of modification (in ladles or inside
molds), it is recommended to introduce magne-
sium and lanthanum together without any other
rare-earth metals (especially, cerium) in all cases
where it is required to obtain castings from cast
iron with increased ductility.
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The combination of magnesium and lanthanum
into the composition of complex modifiers for
cast iron is not accidental. Magnesium is known
to be the most economical and affordable gra-
phite spheroid in cast iron. Lanthanum is the most
powerful plasticizer of cast irons, regardless of
graphite morphology. It does not form carbides,
due to which it provides a high level of plasticity,
resistance to mechanical and thermal shocks in a
wide range of temperatures, an increase in the
specific number of spheroids (2—3 times, more
than 800 spheroids/mm?) [8] and in the degree of
graphite spheroidization. An exceptionally valu-
able technological property of lanthanum is the

Table 1

The Physical Properties of Lanthanum
and Magnesium [9]

Element
Property, unit of measure
Lanthanum | Magnesium
Density at 20 °C, g/cm? 6.174 1.74

Melting point, °C 920 651

Boiling point, °C 3469 1103
Latent heat of fusion, kcal /g * 17.3 0.0822
Latent heat of evaporation, kcal /g * 690 1337
The specific heat at 20 °C, kcal /g *
deg 0.048 0.250
Note: * — 1 kcal = 4.184 kJ.
Table 2

The Technical and Economic Indicators
of Complex Modifiers in the Form
of Fused Fractionated Ligatures and Pressed
Powder Briquettes

Type of modifier
Index, Unit Fractionated| Powder
fused master | briquette
alloy modifier

Electricity consumption, kW /h | 1500 =200 | 140 + 20
Assimilation of magnesium in the
manufacture of a modifier, % 70 +10 100
Scatter about of magnesium
content in one brand, % by mass. 2+1 0.1
Waste of modifier at crushing, % | 30 =10 0
Relative consumption of the
modifier, % 100 75+5

ability to prevent the formation of gas-shrinkage
macrodefects and microporosity in castings and
to improve the quality of the cast surface.

A comparison of the physical properties of lan-
thanum and magnesium (Table 1) shows that, as
compared with magnesium, lanthanum is poten-
tially much safer and more technologically effi-
cient in modifying the treatment of molten iron,
retains the melt modifying effect for a longer
time, has a higher and stable assimilation.

There is one more important qualitative advan-
tage of lanthanum: in the case of lanthanum, the li-
miting solubility in liquid CNG is unlimited, whi-
le in the case of magnesium, it is very low [10—11].

Let's compare the main technical and econo-
mic indices of the two most dissimilar types of
complex modifiers, namely, the fractionated fu-
sed ligatures and the pressed powder briquettes
(Table 2).

The production of 1 ton fractionated master al-
loys obtained by conventional technology pro-
vides a ferrosilicon compound with magnesium
(with magnesium losses reaching 30%), ligature
casting, crushing and sieving by fractions (yield
of 75—80%, the rest is waste in the form of pul-
verized fractions that are not used for modifica-
tion due to the instability of their assimilation).
At the same time, the variation in magnesium
content in the ligature of the same brand reaches
1—2% for magnesium, which is 20—25% of the
magnesium content in the ligature. The produc-
tion of 1 ton briquetted modifiers by the powder
metallurgy technology provides for the operation
of mixing the original powder components and
the briquetting operation. At the same time, en-
ergy consumption for the production of a ton
briquetted powder modifier as compared with
the production of a ton cast fractionated ligature
requires 8—10 times less electricity. The loss of
magnesium in the production of briquetted mo-
difiers is no more than 0.1%, the magnesium con-
tent in the same brand is, at most, 0.1%, which
enables to reduce the consumption of ligature for
modifying cast iron 1.3—1.4 times due to the sta-
bility of its composition.
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One of the most important advantages of pow-
dered briquetted modifiers is the possibility of
introducing into their composition components
that cannot be introduced in the cast ligatures in-
cluding, the use of dusty wastes of ferroalloy pro-
duction, serial powder materials, fluxes, inocula-
tors, nitriding or carbide stabilizing constituents,
and ultrafine powders of refractory compounds
(carbides, nitrides, carbonitrides, etc.). The prin-
cipal feature of the powder briquetted modifiers
obtained by the developed technology, in con-
trast to the known ones, is the absence of any
binders that pollute the modifiable alloy in their
composition.

The technology of powder metallurgy enables
to vary the shape (Fig. 9), dimensions, mass, and
chemical composition of briquettes within a wide
range, flexibly adapting them to the conditions of
a particular foundry production (for example, ul-
tradispersed compounds — inoculators, nitrides,
borides of refractory compounds, etc.).

The results are not in favor of ligatures due to
the use of the melting process.

Theoretical and technological foundations of
industrial production of powder briquette modi-
fiers have been developed jointly by two institu-
tes of the NAS of Ukraine: the Institute of Prob-
lems of Materials Science and the Physico-Tech-
nological Institute of Metals and Alloys [12—14].

The lanthanum-containing modifiers ensure
equiaxial crystallization of CNG with an in-
creased number of uniformly distributed centers
of SG crystallization [15]. In this case, the thick-
ness of the columnar crystallization zone is great-
ly reduced, leaving more free channels to com-
pensate for the shrinkage processes. Thus, as
0.15% wt. is added to the jet of cast iron and the
inoculator contains successively 0%, 1.2%, and
2.4% wt. lanthanum, the thickness of the solid-
hard crust of the cylindrical casting at the time
when 50% of the cast iron melt mass is solidified
amounts to 6 mm, 2 mm, and 0.5 mm, respective-
ly, i.e. decreased 12 times [14]. A semi-solid cast
zone contains more solids, which reduces the
amount of liquid phase to compensate for the re-
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Fig. 9. Powdered briquette-modifiers of various purposes
for ladle and intramodal ways of production of CNG
and CVG

sulting shrinkage. Lanthanum generates com-
pounds that increase the intensity of nucleation
in the liquid phase of the crystallizing CNG. For
the CNGs obtained by treatment with magne-
sium-lanthanum-containing modifiers, the so-
called bimodal or asymmetric distribution of SG
inclusions is typical, with the number of small
globules predominating in comparison with the
number of large ones. Probably small globules are
formed at the late stage of the SG formation; at
the final stage of the crystallization cycle, when
the late increase in the number of SG inclusions
prevents further shrinkage [18].

We give some data on the composition and ef-
ficiency of industrial use of Mg-La containing
modifiers. Foundry enterprises increase the use
of magnesium-lanthanum-containing modifiers,
in which cerium and other rare-earth metals are
completely replaced by lanthanum. In particular,
100—150 ton FSMg5La modifier (5.2—6.0 Mg,
0.3—0.45 La, 0.4—0.6 Ca, 43—49 Si, 0.8—1.2 Al,
therest is Fe) [18] is produced at the Chelyabinsk
Research Institute of Metallurgy. NIIM serially
produces modifiers of two more brands [16]:

FeSiMg7La (5.8—6.4 Mg; 0.35—0.55 La; 0.4—
0.6 Ca; 43—49 Si; 0.8—1.2 Al; the rest is Fe);

FeSiMg10La (5.5—6.2 Mg; 0.35—0.6 La; 0.8—
1.2 Ca; 43—49 Si; 0.5—1.0 Al; the rest is Fe).
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Other modifier grades are also produced in the
form of ligatures containing Mg and La, using the
mixture as purified from harmful impurities (As,
Sb, Pb, Bi, Ti, S, P) as possible. By rapid quench-
ing of the melt, self-shedding of casted modifiers
is prevented during their storage and transpor-
tation.

According to consumers of Lamet spheroidi-
zing modifier manufactured by Elkem ASA, Nor-
way (5.0—6.0 Mg, 0.25—0.4 La, 0.4—0.6 Ca, 44—
48 Si, 0.8—1.2 Al, the rest is Fe), the Lamet
modifier has made it possible to significantly im-
prove the cleanliness of the surface of cast crank-
shaft from the CNG and significantly reduced the
laboriousness of the castings machining due to a
reduction in the size of graphite globules [18].
Having replaced the FSMG5 master alloy (4.5—
6.5 Mg, 0.7—1.2 rare-earth metal, 0.2—1.0 Ca,
45—55 Si, <1.2 Al) by Lamet master alloy, one
foundry company decreased the average number
of products with shrinkage defects from 18.92%
to 1.27%, i.e. almost fifteen times. The cost of
good casting has decreased by 14.2%, on average.
The annual economic effect only due to reducing
the cost of casting is estimated at EUR 2.2 mil-

lion with the use of intra-mold modified 50 thou-
sand tons of liquid iron [18].

So, the use of unsealed ladles with a lid-cup for
the modification of cast iron melts in the produc-
tion of castings from CNG and CVG, together
with the use of magnesium-lanthanum-contain-
ing complex modifiers, with the complete elimi-
nation of other REMs, especially cerium, from
them enables to significantly improve the techni-
cal and economic indices of the casting process.

The pressed powder briquettes are recom-
mended as the most effective spheroidizers and
vermicularizers for both the ladle and the in-mold
production methods for CNG and CVG, which,
in contrast to ligatures, are based not on the mel-
ting of the batch, but on the pressing of a mixture
of powder components making up their composi-
tion. In comparison with the fractionated liga-
tures, the production of a ton powder briquette
modifier requires 8—10 times less electricity, in-
creases the assimilation of magnesium in the same
brand by one order, eliminates dust formation
and losses due to abandonment of crushing. The
powder briquettes are easily adaptable to chan-
ging requirements and conditions of foundries.
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KOBIIOBI TA BHYTPIHIHBO®OPMOBI CIIOCOBN MOJUNDIKYBAHHA
JJIA OTPUMAHHA BUJIMBKIB I3 YABYHIB 3 PISHOIO MOP®OJIOTIEIO TPADITY

Beryn. Y cBiTOBIiN npakTHIll IMBAPHOTO BUPOOHUIITBA MOAN(DIKYBAHHST JOCSTJIO CTATyCy IIPOBIAHOIO HAIIPSIMY HAyKO-
BO-ZIOCTITHUX Ta TIPUKIAAHUX POOIT 3 TIOMIMIIEHHST TEXHOTOTIYHUX i CTy/KOOBUX BIACTUBOCTEH KOHCTPYKITITHUX YaBYHiB.

IIpoGaemaTtuka. Moaudikyoua o6pobKa piiKux YyaByHIB 1epeadayac CTBOPEHHs He TIIbKK [IEBHUX THUIIB MoAupika-
TOPIB, a i pO3pOOKY TaKKX CIIOCOOIB BBeAeHHST MOAM(DIKaTOpa B PO3ILIAB, SKI afallTOBaHI 10 YMOB JIMBAPHUX IIEXIB, 8 TAKOK
BPaxOBYIOTb BUMOTH /IO KOHKPETHUX TPYTI BIJIUBKIB.

Merta. Pospobka mociamol TexHosorii MoandiKyBaHHs eJEKTPOMYHIX PO3TJIABIB YaByHY B HETEPMETH30BAHUX
MTOBOPOTHHUX KiBIIaxX i IMBapHUX GopMax 3 BUKOPUCTAHHAM KOMIUIEKCHUX PEAreHTiB y BUIVIS/I IPECOBAHUX MOPOIIKOBUX
OGpUKeTiB 1 KYCKOBHX IUIABJCHUX JIHraTyp AJsi OTPUMAHHS BUJIMBKIB 3 TJIACTHHYACTUM, BEPMUKYJISPHUM 1 KyJISCTHM
rpaditom.

Marepiaiu it meroau. Cipuii yaByH 1K 06’ €KT TOCTIIZKEHHS MOAN(DIKYI0401 00pOOKH, MATHIH-/IaH TAHBMIIILYI04i KyCKOBI
Ta GPUKETOBAHI TOPONTKOBI MOAMMIKATOPH, a TAKOK a30TOBMICHI KYCKOBI i GprKeTOBaHi OPOMIKOBI MoAMMiKaTOPH IS
OTPUMaHHS YaBYHiB 3 pi3HOIO hopMoTo TpadiTy 3aIeKHO BiJl BUMOT /10 BUJIMBKIB.

Pesyabratu. Po3po6.iero ociiiy KiBIIOBY TEXHOIOTIIO a30TyBAHHS YaBYHIB 3 BUKOPUCTAHHSIM TIPECOBAHUX TIOPOTII-
KOBHUX a30TBMITIYIOUNX OPUKETIB, IO T03BOJISIE MABUIUTH THMYACOBY PO3PUBHY MIITHICTD CipUX KOHCTPYKIIHHIX YaByHIB
BaBiui — 3 200 MIla xo 400 MIla, Ges serysatHs it TepMiuHOi 0OPOOKH, @ TAKOK PO3POOIEHO KOBIIOBUIL poiec Moaudi-
KyBaHH$ PO3ILIABIB YaByHiB MarHili-IaHTaHBMiny oMy Moandikaropamir. OGrpyHTOBAHO NEPCIIEKTUBHICTh BAPOOHUIIT-
Ba a30TOBAHOTO YaBYHY 3 BEPMUKYJSAPHUM rpacditoM 3 BmicToM cipku n0 0,1 % Mac. IUIIXOM TepernaBiIeHHs] a30THOI
METAJIONINXTH, & TAKOK CBIXKUX 1 TOBOPOTHUX YaBYHIB, 3 MiHIMAJIBHUM JIOZIATKOBUM BBE/ICHHSM a30TY B Iy, KiBIII 4K JINBAp-
Hy ¢opmy.

BucuoBku. IIpecoBani mopormkoBi MOANGIKATOPH PEKOMEHIOBAHO 0 BUKOPUCTAHHS K HAHOLIBINT eeKTHBHI 1/
BKazaHKX c10co0iB MOAN(DIKYBaHHS 3aJIE5KHO BiJl BAMOT [I0 BUIUBKIB.

Kntouosi cioesa: xiBiose, BHyTpiliHbO(GOPMOBe MOM(biKyBaHHS, MarHiii-TJaHTAHBMICHI Ta a30TBMiCHI KOMILJIEKCHI
Mo uGikaTopu.
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KOBIIOBbLIE 1 BHYTPU®OPMOBDLIE CIIOCOBbI MOJINOUIINPOBAHNA
JUUIA TIOJIYYEHUS OTJMBOK U3 UYTYHOB C PA3JIMYHON MOP®OJIOTUEN TPAGUTA

BBenenne. B MupoBoii mpakTHKe JUTEIHOTO TPOU3BOACTBA MOAUMDUITIPOBAHIE JOCTUTJIO CTATYCA BEAYIIErO HAIIPaB-
JIEHUST HAYYHO-UCCIIEJOBATEBCKUX U TPUKJIAIHBIX Pa0OT 110 YIIyUIIeHHIO TEXHOJIOTUIECKUX ¥ CIYKEOHBIX CBOWCTB KOH-
CTPYKIMOHHBIX YyTYHOB.

IIpo6aemaTtuka. Moaudunupyiomast 06paboTKa JKUKUX IyTYHOB IPELYyCMATPUBAET CO3/[aHIe HE TOIBKO OTIPe/IeIICH-
HBIX TUTIOB MOM(DUKATOPOB, HO U Pa3paboTKy TaKuX crmoco6oB BBOja MOAN(DHUKATOPA B PACILIAB, KOTOPHIE a/IAlTHPOBAHBI K
YCJIOBHSIM JIUTEHHBIX [[EXO0B, & TAKKE YIUTHIBAIOT TPEOOBAHUS K KOHKPETHBIM IPYIIIIAM OTJIHBOK.

Iean. PaspaboTka ONBITHOI TEXHOTOTHE MOAMMDUIIMPOBAHUS SJIEKTPOTICYHBIX PACIIABOB YYTYHA B HEr€PMETH3UPO-
BaHHBIX TOBOPOTHBIX KOBIIAX U JIUTEHHBIX (JOPMaxX € MCIOTb30BAHNEM KOMIJIEKCHBIX PEAreHTOB B BHJIE TIPECCOBAHHBIX T10-
POIIKOBBIX OPHKETOB U KYCKOBBIX IIJIABJIEHBIX JIUTATYP [UJIsI OJTYYEHHsI OTINBOK C TUIACTUHYATHIM, BEDMUKYJISIPHBIM U TITa-
POBUIHBIM TPaUTOM.

Marepuaist u Metozbl. Cepblii uyryH, Kak 00bEKT HCcae0BaHuS MOMUIUpYIOLieil 06paboTKH, MarHUi-JTaHTaHCO-
JiepsKarine KyCKOBbIe U OPHKeTHPOBAHHbIE TIOPOIITKOBBIE MOIM(DUKATOPHI, a TAKKE a30TCOMEPIKAIINE KYCKOBbIE U OPHKETH-
POBaHHBIE TIOPOLIKOBBIE MOIUGDUKATOPSI [T TIOJTYYeHUsT YyTYHOB € Pa3JInyuHOil (hopMoil rpaduTa, B 3aBUCUMOCTH OT ITPE/b-
SIBJISIEMBIX TPEOOBAHUI K OTJIMBKAM.

Pesyabrarel. Pazpaborana ombITHAS KOBIIOBASI TEXHOJIOTUS a30THPOBAHISI IyTYHOB € HCIOIb30BAHUEM IIPECCOBAHHBIX
MOPOIIKOBBIX a30TUPYIONUX GPUKETOB, TIO3BOJISIIONIAsT TIOBBICUTH BPEMEHHYIO PA3PhIBHYIO MMPOYHOCTD CEPBHIX KOHCTPYKI[H-
OHHBIX 4yTyHOB BABOe — ¢ 200 MIIa 10 400 MIla, 6e3 jiernpoBatust 1 TepMUUYECKON 06pabOTKH, a TaksKe paspaboTaH KOBIIO-
BBIIT TIporiece MOANMUIIMPOBAHUS PACILIABOB YYTYHOB JaHTAHCOAepKalmMu Moaudukaropamu. O60cHOBaHA MEPCICKTHB-
HOCTb TIPOU3BOJICTBA A30THPOBAHHOTO YYTYHA C BEPMUKYJIAPHBIM rpadutoM ¢ comepskanneM cepsl 10 0.1 % macc. mytem
TepenyiaBa a30THCTON METAUIOMINXTHI, & TAK)KE CBEKUX M BO3BPATHBIX UyTYHOB, YTO MUHUMU3HPYET JIOMOJHUTETbHOE BBE-
JIeHUe a30Ta B [eYb, KOBII UJIH JIUTEHHYIO (hOPMY.

Bsisospi. [IpeccoBaHHbIE OPOIIKOBbIE MOIMMDUKATOPBI PEKOMEHAOBAHBI K HCIOIB30BAHUIO Kak HanboJee ahheKTB-
HbIE JIUIsI YKa3aHHBIX CIOCOO0B MOAMMDUITMPOBAHUS B 3aBUCUMOCTH OT TPEOOBAHMN K OTJIMBKAM.

Knwueswvie cnosa: KOBIIIOBOE, BHyTpI/Id)OpMOBOQ MO]II/Id)I/HH/IpOBaHI/Ie, MaFHHﬁ-]IaHTaHCOIIep)KaHIHe " a30TCco/iepKa-
e KOMIIJIEKCHbIE MO]II/I(bI/IKaTOpr.
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