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A way to increase the wear and crack resistance ahtia working tools for roller mills

is proposed. Bimetallic rollers (diameter — 252 nfength — 1620 mm) were produced by
sequential pouring of alloys with similar temperatuof the phase transformations. The
microstructure, phase composition, redistributiéraltoying elements and the properties
of the bimetallic materials were studied. The resulere taken as the basis for the deve-
lopment of a technological process for the producidf bimetallic milling rollers by a
centrifugal method of casting. The implementatidrthds method makes it possible to
improve the reliability and durability of the rolfein the course of their operation.
Keywords: structural phase analysis, iron-carbon low allogsntrifugal casting method,
transition area.

Introduction. The increase in performance and durability of thergprocessing
mill complexes makes it necessary to steadily eeeethe requirements for the mate-
rials and the designs of modern equipments. Thénimas, such as roller mills are used
for efficient grinding and milling of hard and softheat and are the most common
machines for processing of corn, wheat, rye, bastayalt.

The main working tools of these units applied fonding of grain are milling
rollers operating in pairs, which have a groovedrpoth surface. A high requirement
for physical and mechanical properties of the rellmakes it necessary to improve the
durability of parts of the mill equipment of theating manufacturers of plants such as:
Buhler, Ocrim, Golfetto, MMW, etc. The roller millwe usually equipped with rollers
with a diameter of 250 or 300 mm. The design festiand operating conditions of the
milling rollers define the need for a wear-resistanrking layer on the surface while
maintaining the viscosity and bearing propertiesttef core of these products [1].
Therefore, the milling rollers with bimetallic sttures are considered to perform well
and have a number of advantages: combination dbelsecharacteristics of two diffe-
rent materials; wear-resistant working layer arabie that provides rigidity and toug-
hness; simultaneous increase of the wear resistarttdurability of the product [2].

Iron-carbon alloys are commonly used for the mactufa of rollers as wear re-
sistance materials. The austenitic manganese @otdsteels were used as a tribologi-
cal material [3, 4]. The relationship of wear irgigy with the structural-phase compo-
sition of the alloys and the load-speed charatiesiare investigated.

The presence of antifriction additives in iron-aartalloys in the form of graphite
or copper inclusions reduces the friction coeffitiand increases their wear resistance
[5] too. The most effective method of producing éetatlic roller billets is centrifugal
casting [6], which is far superior to stationaryguality and economic characteristics.
It is demonstrated that the increase in the teryreraf the contact surface between the
working layer of chromium cast iron and the steeddpromoted the formation of a me-
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tallurgical bonding layer. The adhesion strengttwieen the working and base layers is
also increased.

The pouring temperature and the preheating tempesiof steel base and the
casting mold are key parameters [7]. It is esthblisthat high pouring temperatures
and low cooling rates in the course of solidifioatiresult in the increase of flexural
strength and the viscosity of the rollers matdq8al

Although a few researches have been carried ostutty the formation of the bi-
metal and the suitable manufacturing process obitmetallic milling rollers [6-8], the
interface between the two materials still remaingsterious. The structure of the
working layer and the quality of the diffusion jdion between the layers are still the
most important indicators which determine the ofi@nal properties of bimetallic
milling rollers. Therefore, the primary focus inglpaper is on the study of these issues.

Materials, methods and experimental procedure. The working layer of the
bimetallic milling roller was cast from synthetiow-alloy cast iron. The inner layer
was cast from gray iron. The melting and pouringcpss was implemented according
to the method indicated in our former work [9]. @tieal composition of the working
layer (wt.%): C — 3.3...3.5, Si — 0.05...0.35, Mn —.0.4.0, Cr — 0.3...0.5, Ni — 1.4...
20, P — 0.15...0.4, S — up to 0.02 and the inneerlgyt.%): C — 3.3...3.5,
Si—-1.4..24,Mn-0.7...1.0,P—up to 0.2, S —ap.15.

The bimetallic milling roller billets were made bye sequential pouring of molten
masses of the working and inner layers into a irgatasting mold of a centrifugal
machine. The casting mold rotation speed of the&i&srpm. The casting process was
carried out in the following stages= pouring the melt of the working lay@r:- pouring
the melt of the inner layeB — ejection of the billet.

An induction crucible furnace was used as a meltinig, which made it possible
to obtain the alloys with preset chemical composgiand ensured precise control of
the liquid metal temperature, high-temperature loeating and the holding of the
molten mass.

In order to reduce metal loss and increase therpti@o rate of carburizer during
the cast Cr/Ni iron melting for the working layéne initial charging materials were
loaded in the following sequence: steel scrap (16% »f the total amount of charge);
ferrophosphorus; ferrochrome; carburizer; steads¢60...70% of the total amount of
charge); nickel; steel scrap (the remaining amguaetjomanganese (5...8 min prior to
the start of casting).

The initial charging materials for the melting @fst iron for the inner layer were
loaded in the following sequence: cast pig iron.(P®% of the total amount of
charge); ferrosilicon; steel scrap; cast pig irthe (femaining amount); ferromanganese
(5...8 min prior to start of casting).

The microanalysis was carried out on samples (tgt®eg) cut from the middle and
end parts of the billets of rollers. An optical niscope was used to study the
microstructure. The microhardness of the phase oosms was determined on a
hardness tester according to the standard metlyodi¢kers) with automatic recording
of readings with a load of 0.5 N. The hardnesshefworking layer was measured by
the Rockwell method. The local chemical compositidrthe structural components,
the redistribution of atoms of the alloying elenseint the area of diffusion interaction
between the layers was investigated on an electraster-type analyzer.

Results and discussion. It is clear that the microstructure of cast irontbé
working layer (Fig. 1) of the studied billet rokehas a columnar structure with a fine
texture throughout the layer thickness. It is asted with an increased rate of cooling
(1.4...1.5C/s) and the direction of its solidification [10consists of finely-dispersed
pearlite which is the eutectoid mixture of ferrfmlid solution of carbon and alloying
elements ina-iron) and cementite (B€), secondary alloyed cementite (FeCr)of
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skeletal type or in the form of thin needles, adl a® ledeburite eutectics which is the
eutectic mixture of austenite (solid solution ofbman and alloying elements iniron)
and cementite as marked in Fig. 1.

Fig. 1. Microstructure of the working and inner legjeransition area of the bimetallic billet.
| — working layer; Il — transition area; Il — innkyer.1 — phosphide eutectic (H¥s = 925);
2 — cementite (HYos = 1450);3 — perlite (H\} g5 = 400).

In addition to these phases, steadite that is mpda three phases: Fe3P + Fe3C
+ Fe, is present in the structure, which is forrbetiveen the cementite plates.

The mass fractions of different phase componertsanalyzed and the result (as
shown in Table 1) indicates that the main stru¢tcomponents of the working layer
are pearlite and cementite with high microhardnessch has a significant impact on
the overall hardness of the working layer.

Table 1. Phase components of the cast iron of the working layer
and their microhardness

Phase component Fraction, mass% Microhardness, HV|
Cementite 30...35 1450
Ledeburite 5...8 -

Phosphide eutectic 2..5 780...925
Pearlite 55...60 400...410

The microstructure of the working layer on the oated inner surfaces of the bil-
lets differs by dispersion and the number of stmadtcomponents. Near the billet outer
surface, the pearlite dendrites, cementite plated, the areas of phosphide eutectics
are mostly oriented towards heat dissipation, petipailar to the outer surface. As the
distance to the outer surface of billet increasestd the decrease in the rate of solidi-
fication and the increase in carbon and phosphsegsegations, the microstructure
coarsens slightly. The amount of ledeburite andsphinle eutectics increases and the
inclusions of cementite coarsen. These changes lideeeffect on the change in the
hardness of the working layer in depth. Near th&erosurface, the hardness of the
working layer is 55 HRC. As the distance from theface increases, the hardness
slightly decreases to 54 HRC, which indicates thiéoumity of hardness over the cross
section of the layer. This has a significant impatthe service life of the rollers with
the possibility of repeated re-cutting of riffles they age.

The microstructure of the transition area as shimwiig. 1 consists of pearlite of
low-alloy cast iron of the working layer (400 HV)itlv ribs of cementite, partially
dissolved cementite needles, triple phosphide d@ose@nd pearlite of gray iron of the
inner layer (330 HV).
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In the course of manufacturing the roller billeifter pouring the inner layer, the
inner surface of the hardened working layer waseke® a temperature of 1150...1160
that resulted in partial dissolution of the secopdzmentite and cementite contained in
ledeburite. At the same time, in the adjacent laygray iron, the numerous eutectic aus-
tenite-graphite colonies were formed, inside amm@lthe boundaries of which the pe-
arlite was generated as a result of the euteatmidfiormation. The pearlite layer fringing
the eutectic grains formed the pearlite layer efttansition area on the side of gray iron.

An increase in the temperature and mass rate airgpof the working layer, a
decrease in the holding time in between pourinigydrs resulted in the increase in the
temperature of the working layer inner surfacejrenease in the scope of its melting
with gray iron. This also contributed to an ince&s width and change in the phase
composition of the transition area. The formatidnthe transition area in this case
occurred in a similar way. However, the graphites ficemed instead of cementite. The
process of graphitization was promoted by a chamgke thermophysical state in the
transition area. The crystallization rate decreasbie both the amount of the liquid
phase and the content of silicon and phosphorusithaacreased. The carbon diffused
better during this process. In this case, the deosition rate of cementite was higher
than the diffusion rate of carbon, resulting in thesitu graphitization. The width of
the transition area increased to 300...460

The formation of pearlite on the side of workingdawas caused by the fact that
carbon formed as a result of the cementite dissoluiffused through the austenite
solid solution and was released at the graphitimatienters (on the graphite plates of
austenite-graphite colonies of the border layergmdy cast iron). The impurities
segregated to the boundary of the pearlite layérthe transition area, especially
phosphorus, which had a low melting point. Therfdhe transition area crystallized
last. When the transition area was saturated witdsphorus and silicon, the part of the
carbon was pushed into austenite, and some wensfdraned into cementite of
phosphide eutectics. The width of such a transai@a was about 1Q0n.

Thus, the width, phase composition

C, mass% — ! e -
| ' J and kinetics of the transition area forma-
6\_,—-'-‘\ ; . L tion are determined by the temperature
e L2950 conditions for the manufacture of bime-
RN tallic billets. Thus, the change in the con-
084  N° centration of elements (Fig. 2) in the
N s r!‘{ . L. /2« transition area depends on their initial
IR content in the cast iron of the working

AT ot and inner layers.

S N The mass fraction of silicon droningly
300 200 <100 011000200 300 400 500 increases from 0.25% in the transition
1 1 m  Lum  area of the working layer to 1.3% in the

transition area of the inner layer. The
nickel content within the transition area
layers of roller billets: | — working layer; changes significantly, a (;Igcrease in its

Il — transition area: Il — inner layer. cont(_ent durm_g the tran5|t|on from the
1-Sii2—Mn:3—Cr:4—P:5—S:6— Ni. working to the inner layer is found. Through
diffusion processes, its partial presence is
observed at the boundary of gray cast iron. Theuatnof sulfur and manganese across
the width of the transition area remains almosthanged. In the course of casting
transition area formation, the phosphorus segi@yaiintensified at the interface of the
layers due to an increase in the temperature dhtier surface of the working layer and
its melting. As a result, the number of inclusiarfsphosphide eutectics increases in

transition area, which is expressed as a maximuthephosphorus distribution curve.

Fig. 2. Redistribution of alloying elements in
the transition area, the working and inner

64



“WRISAS SULY PANY & OY) — 'S J J AT “WAISAS oF1e] PAINYJ i QYL — 'S | J AT ‘WRISAS ouly panfy € 3y — s J F 11
‘w)sAs o31e] paIny € oY) — °S [ J I ‘WRISAS PAINYY .7 AY) — 'S J [] ‘WISAS paInfy ] oY) — 'S |

6C°SC | 90°0°7°S0°0 | ST'OT"STO | 910" "SI0 9I'0"""S1°0 | LT'O""'91°0 | 8I'0""'LI'0 | 0OCO""8I'0 | IT0°0C0 |SFFAI

evel | CI0V00 | IT0CI0 | 1T0°°CI0 1T0°°CI0 1T0°°CI0 ¢CO0 Y10 | 9CT0 VIO | 8TO 910 | 'STIFAI

8C°CC | 600777900 | €C06I0 | ¥C0T0TO ¥C0°°°0C0 8C0°°CC0 8C0°°CCO | 0€0°7°€ET0 | CE0STO | ST TN

LET8T | CI'0°LOO | TEOT610 | 1€0 7610 0610 €eo " el0 SE0ETO | LEOTYTO | 6£07°0€0 | STIIN

9T "L | ¥I'0°°E00 | LVOT6E0 | LVOTOVO 050010 050010 [S07°°Cr'0 | CS0°Er'0 | SSO" PP 0 | STII

1L | 81'0°°°S0°0 | 690°7°°690 | 0L0 90 1077990 ZL077799°0 GLO0LO | L8O0L0 | L&O0LO ST
~~ ~~
@) [9)] — N — w [\ —_
=28 2| =28 2|28 %| 28 2|29 %oz =
- 3 e - B e w 2 = w B =) =N - 9
=N ¢} o a ool a ool Q o = a
wn = — v = — = =] = - v o - = =
‘ WZWP ol S LoRe | LT — 0 9 a | LT — 2 gonerado
% wu ‘y - o N ao ~ 5% a 9 K a9 N 2o o o : wsAS
gLES | QrEg | U | RoEg | 308 | 258 0| oed
o)) /..,M o] u g Y 6“ o] “I. [MM ] “ % (2 N wn g
- W I} [\S] I} [\ o) N o) N o) = © (¢}
o & = S W = ~ = ~ = s = QO = b
5 = =4 5 = =4 = = =4 = = =3 5 8 =4 5 Q =
Zg &§|28 & |88 |88 g |2z g |22 ¢
7 =] ~ & =] 2 @ =] 2 @ =] ~ @ = =]
IeaMm JO 22132 w31y J[yry

SouI[ dUTYdeW FUI[[IW dY) Ul SuI[[Iw ureas Jo ss320.1d 3y) SurInp SII[OI J[[€IOWI( Y} JO UOHIPUOI NIAIIS T d[qeL

65




The carbides of the cementite type, which alsouithel chromium, partially
dissolve during the casting of the inner layerthis case, the chromium is distributed
between they-solid solution of the transition area of gray cash and phosphite
eutectic cementite.

The results demonstrate that optimization of thengbal composition, melting
and pouring conditions of synthetic low-alloy cash can improve the microhardness
and dispersion of the carbide phase and the masa.[The appearance of structurally
free graphite in the working layer can be elimidateesulting in the increase of wear
resistance. Moreover, high and uniform hardnessgalbe length and cross-section of
the working layer, both for rifled rollers of flidesystems and for smooth rollers of fine
milling systems was achieved.

The bimetallic rollers resulted from the currentthheel have been applied in the
food industry. The state of service of bimetallidlers in the process of processing
299734 tons of grain in the lines of the millingehae has been obtained.

In roller mill complexes there are several flutew amooth systems of rollers,
which are sets of rollers with riffled surfaces awvithout them. As the grain is crushed
and milled to a state of flour — the height of tifles changes from larger to smaller.
Accordingly, the load on the working surfaces of tollers decreases from the first
fluted system to the fourth. The data (Table 2wshtwat each first most loaded fluted
system (I f.s.) processed 49956 tons of grain pwothe first re-cutting of riffles
without reducing the performance of the machines.

The obtained indicators of the service life of flreduced rollers are comparable
to the service life of the rollers manufactured ‘tBihler’, which occupies the
advanced positions in the production of mill equgmitn The results of production tests
indicate high wear resistance, reliability and cetitwveness of the rollers in the
production of equipment for food industry in thendamarket.

CONCLUSIONS

Bimetallic material has been designed for the ngjllioller by the sequential pouring
of molten masses of the working and inner layeis &rotating casting mold of a cen-
trifugal machine. The main structural componentthefworking layer are pearlite and
cementite with micro-hardness of 1450 HV and 4000Q.K4Y, respectively. The hard-
ness of the working layer outer surface was 55 Rt slightly decreased to 54 HRC
in the inner surface of the working layer, whicllicates the uniformity of hardness
over the cross-section of the layer. The width,seheomposition and kinetics of the
transition area formation are determined by theptature conditions for the manu-
facture of bimetallic billets. The bimetallic raleproduced by the current technologi-
cal process showed good wear resistance duringegsong of over 299734 tons of
grain in the milling machine lines.

PE3IOME. 3anpornoHOBaHO CIOCiO MiJBUIIEHHS 3HOCO- 1 TPIIIMHOCTIMKOCTI OCHOBHHX
pobouKX OpraHiB BalblbOBUX MJKHIB. biMeranesi Bambii (miamerp 252 mm,gosxuna 1620 mm)
BUTOTOBJISLJIH HIJITXOM ITOCTIIOBHOTO 3aJIMBAHHS CIIABIB 3 MOMIOHUMH Temreparypamu (ha3oBUX
nepeTBOPeHb. JlOCHiDKEHO MIKPOCTPYKTYPY, (ha3oBuil ckiiaj, mepepo3mnoaii JIeryBajlbHUX eie-
MEHTIB 1 BJIACTHBOCTI OiMeTaJeBUX MarepiaiiB. Pe3ynbraTi JOCHIIKEHb B35ATO 32 OCHOBY IIiJl
4yac po3pOOKH TEXHOJIOTIYHOTO IpoIiecy BUPOOHUITBA OiMeTareBUX BajblliB METOJOM BijilLlEH-
TpoBoro autTs. Peanizanis uporo cnocoOy jana MOXIMBICTh MiABUINUTH HAIiMHICTH 1 JOBro-
BIYHICTh BaJIBIIIB IiJl YaC €KCILTyaTallii.

KarouoBi ciaoBa: cmpykmypro-gpazoguil ananiz, 3anizogyeneyesi HU3bKOAE208aHI CNIAGU,
MeMOoO BIOYEHMPOBO20 TUMMSL; NepexioHa 30Hd.

PE3ZIOME. TlpeioxkeH cHocOO MOBBIIEHUS H3HOCO- U TPEIIUHOCTOMKOCTH OCHOBHBIX
pabounx OpPraHoOB BAIBIOBBIX MEJBHHIl. buMerammnueckue Bajbipl (muramerp 252 mm, minHa
1620 mm)u3roTaBiMBaIy IIyTeM IOCIEIOBATEILHON 3aJIMBKU CIUIABOB C MOXOXUMH TEMIIepa-
Typamu (a30BbIX TpeBpaiieHuil. VccnenoBanbel MUKPOCTPYKTYpa, (a3oBblii cocTas, mepepac-
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npeaeeHne JEeTUPYIONNX dJIEMEHTOB M CBOMCTBa OMMETaJUIMYECKHX MaTepualioB. Pe3ynbraTsl
HCCIICIOBAaHUN B3STHI 32 OCHOBY JUIS pa3pabOTKU TEXHOJOIMYECKOIo Ipoliecca MpOU3BOACTBA
OMMeTaJUINYECKUX BaJbIIOB METOJOM LEHTPOOEKHOTO JHThs. Peamusanus sToro crocoda mo-
3BOJIMJIA IOBBICUTH HAJIEKHOCTH U JIOJITOBEUHOCTh BAJIbIIOB B IIPOLIECCE IKCILTYaTallUH.

KiioueBble ciioBa: cmpykmypHo-gazoeblil aHaiu3s, Jceae3oyenepooucmole HU3K0Ae2UpOBanHvle
CNABbL, MEMOO YEHMPOOEHCHO20 UMb, NePexOOHAsl 30HA.
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