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HIGH PERFORMANCE COMPOSITES

BuBueHo nmpouecu KOHTAKTHOI B3a€MoJii, 110 Big0yBalOTbCsl HAa IPAHMUSX MOALTLY
PO3YHHHO-IN(Y3iIHHOr0 THNMY B MAKPOreTePOreHHNX KOMMO3MIIiIIiHUX MaTepiajax, oTpu-
MaHHUX CcIoco00M BiILHOIO mMpocovyeHHs. B sikocTi HanoBHIOBa4iB 3aCTOCOBAHO TBepii
CILIABH, 1110 MAaIOTh MiKpO-, KBa3i- 200 KPUCTAJIYHY CTPYKTYPY, a B IKOCTi 3B 30K — cIlJ1a-
BH Ha MiaHii a0o 3a/i3Hiil ocHoBi. Onucano kiacudikamio J0CTiIXKeHUX IPaHULb MO-
AiTy 3 ypaxXyBaHHSIM TeMIIEPATYPHO-4aCOBHX 3aJIeKHOCTEH KYTiB KOHTAKTHOI B3a€MOii,
BHUMIpPSIHUX 32 METOAOM «3aTBEpPAiJIOl KPamii», i IIMPUHHU 30H KOHTAKTHOI B3a€EMO/ii, BU-
3HA4YEHOI 32 A0MoMoror Metajorpagiynoro anamnizy. la knacudikanis xo3Boanaa Bumi-
JINTH TPU THUIIH 30H KOHTAKTHOI B3a€MOJii 3a71€5KHO Bi/l yacy, HeoOXiIHOT 0 /IIsl 10CSITHEeH-
HSl KBa3ipiBHOBA’KHMX YMOB Ha rpaHuusax nogiay. Ilokazano BB iHTeHCUBHOCTI Mpo-
neciB po3uyHHeHHs Ta AUQY3ii Ha CTPYKTYPY 30H KOHTAKTHOI B3a€MOJil KOKHOIO THILY.
BceranosieHo, mo cTadiibHiCTh (pa3 HAOBHIOBAYA NPH il PO3IJIABJIEHOI 3B’ I3KH Iij Yac
NMPOCOYEHHS 3POCTAE B HACTYIHIN MOCJiI0BHOCTI: KpUcTaNdiuHi (pa3u—>MiKpOKpUCTATIYHI
¢pasu—kBazikpucraniudi ¢as3u. 3anponoHoBaHO KepyBaTH MpoIecaMH CTPYKTYPOYTBO-
PeHHs1 KOMIIO3ULIIfHUX MaTepiadiB 3a paxXyHoOK BapiloBaHHS cniBBigHOmIeHHs ¢a3 pizHOT
cTa0lJILHOCTI Yy CTPYKTYpi HanoBHIOBaYa. OOrpyHTOBAHO CKJ1a] KOMIO3HUIHNX MaTepia-
JIiB, IPU3HAYEHNX /I pOOOTH B a0pa3sHBHHX i KOPO3iiHUX cepel0BHIIIAX.

Kiro4oBi cjioBa: MakporereporeHHi KOMIO3ULIIHI MaTepiaiy, 3B’ s13Ka, HAIIOBHIOBAY, IPaHUIIl
IOJTiJTy, KBa3ipiBHOBaXHI YMOBH, CTa01IbHICTh, BUCOKI KOPO3iiiHi i aOpa3uBHI BIACTHBOCTI.

N3y4denn! npouecchl KOHTAKTHOIO B3aHMOJIeliCTBHS, MPOTEKAIONIMe HA TPAHULAX pa3-
JeJia pacTBOPHO-IM((Y3HOHHOIO TUNIA B KOMIIO3MIIMOHHBIX MATEPUAJIAX, MOJy4YeHHBIX Me-
TOAOM CBO0OO/IHOIl MponuTKU. B KavyecTBe HANOIHUTENIEH HMCIOIB30BAHBI TBEp/ble CILIABBI
¢ MHKPO-, KBa3i- WJIH KPHCTAUIMYECKOH CTPYKTYPOii, a B KavecTBe CBSI3KH — CIUIABbI HA
ME/IHOM WJIM sKes1e3HOHM ocHoBe. OmmcaHa kJjaccuukaumsi M3yYeHHbIX T'PAHUL pas3jea ¢
YUeTOM TeMIepaTypPHO-BPeMEHHbIX 3aBHCHMOCTEll YIJIOB KOHTAKTHOIO B3aMMOJeliCTBHS,
H3MepPeHHBIX M0 MeTOy «IeKallel Kamin», U IHPUHbI 30H KOHTAKTHOTO B3aUMO/eHCTBHS,
omnpe/ieIeHHOI MeTOIOM MeTa/lIorpaduueckoro anaausa. lannas kiaccuguxanust Mo3BoJm-
JIa BBIICJIMTH TPH THIA 30H KOHTAKTHOIO B3aMMO/ICliCTBHSI B 3aBUCHMOCTH OT BPEeMEHH, He-
00X0IMMOT 0 /IJIsl A0OCTHKEHHUsI KBAa3MPABHOBECHBIX YCJIOBHI HA IPAHMIIAX pa3/iesia MeXKay Ha-
NOJIHUTEJIeM M 3aTBepleBlueil cBsa3koil. IlokazaHo BiMsIHMe HHTEHCMBHOCTH IPOLIECCOB pa-
cTBOpeHus! U U Py3uH, NpoTeKaOLINX HA TPAHULAX pa3/iesa BO BpeMsl IPOIMTKH, HA CTPYK-
TYPY 30H KOHTAKTHOIO B3aHMMOJEHCTBHUSl KAKA0I0 THUIA. YCTAHOBJIEHO, YTO CTAOUIBHOCTH
(a3 HanoJTHUTEIIs1 IPU BO3/IeHiCTBHH PACILIABJICHHOI CBSI3KM BO BpeMsl IPONUTKH BO3PacTa-
€T B CJIeAYIONIeH MOC/IeJ0BATEILHOCTH: KPUCTALINYecKHe (ha3bl—>MHKPO-KPHCTANINYECKHE
(paspi—kBazukpuctTainyeckue ¢aspl. Ilpensiokeno ynpapisite npoueccamMm CTPYKTYpO-
00pa3oBaHusl KOMIIO3MIMOHHBIX MATePHAJIOB 3a cYeT BAaPbHUPOBAHUS 00BLEMHOIO COOTHO-
meHus (a3 pa3IMuHON CTa0MJIBHOCTH B CTPYKType HamoJHuTedsl. OG0CHOBAHbI COCTABBI
KOMIIO3UIMOHHBIX MATEPHAJIOB /ISl pa00ThI B a0pa3MBHBIX H KOPPO3HOHHBIX Cpeax.

KarwoueBble cjioBa: MaKpOreTCPOreHHbIC KOMITIO3UIITMOHHBIC MaTCPpHaJibl, CBA3Ka, HAIIOJITHUTCIIb,
rpaHUllbl pa3jaeia, CTa6I/IJ'II>HOCTI), BBICOKHEC KOPPO3UOHHBIC N aﬁpaBI/IBHI)IC CBOMCTBA.

The contact interaction processes at the interfaces of dissolution-and-diffusion type of
macroheterogeneous composites obtained by furnace infiltration were studied. The alloys
containing micro-, quasi- or crystal phases were used as fillers and copper- or iron-based alloys
as binders. A classification of the investigated interfaces was proposed taking into account the
dependencies of the wetting angles measured by still drop method and the depth of contact
interaction zones determined metallographically on temperature and duration of infiltration.
This classification allowed distinguishing three types of the interfaces depending on the time
necessary for quasi-equilibrium to be achieved. The influence of dissolution-and-diffusion
interfacial processes intensity on the structure of the zones of each type was shown. The stability
of the filler phases effected by the molten binders during the infiltration was established to
increase in the following sequence: crystal phases—microcrystal phases—>quasicrystal phases.
It was suggested to control structure formation of the composites by variating a volume ratio of
the phases of differrent stability in the filler structure. The composites compositions designated
for abrasion or corrosion wear applications were substantiated.

Key words: macroheterogeneous composites, binder, filler, interfaces, quasi-equilibrium
conditions, temperature-and-time modes, high corrosive and abrasive properties.
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High performance composites

Introduction

Composites find the wide application as coatings to protect and restore the quick-
worn parts of the equipment. These materials are characterized by a thermodynamic
instability due to the presence of highly developed interfaces [1]. The instability results
in intensive contact interaction which can lead to the formation of new undesirable
phases at the interfaces, thus deteriorating the service characteristics. Therefore this
work is dedicated to searching the ways to control interfacial reactions at the interfaces
of dissolution-and-diffusion type of the macroheterogeneous composites obtained by
infiltration without applying pressure.

Experimental procedure and results

The composite materials were produced from copper- or iron-based binders and
reinforcing particles made of alloys containing micro-, quasi- or crystal phases. A
cooling rate of the particulate was from 10 to 10° K/s. Then the reinforcing particles
were mixed in proportion, put in the mold, and infiltrated by metal binder at 1000 —
1200 °C. The temperature range was selected with a view to infiltrating effectively and
avoiding destruction of the original reinforcing particles. While infiltrating, the holding
time ranged from 30 to 60 minutes.

Corrosion resistance was examined using gravimetric and potentiostatic methods.
Aggressive media were chosen in order to investigate corrosion processes proceeding
with oxygen and hydrogen depolarization. The specimens were corroded in the
following aqueous solutions: 3 % NaCl, 3 % Na,So,, 2N CH,COOH, 1N HCl, SN H,PO,,
0,5N H,SO,, 5 % HNO,. Tests of 4 hours and 5 days in the acid and neutral media,
respectively, were run at 22 £ 2 °C. Silver-chloride electrode was used as the reference
specimen, the auxiliary electrode being one of platinum. Abrasive wear tests were carried
out by means of a rotary tester in ambient air at 20 °C. Specimens were fixed on the
rotary disk and ran 413 m on the abrasive cloth. Relative wear resistance was calculated
against 40 X13 steel. Methods of metallographic, X-ray, micro-X-ray analyses were
used. Fractographs of all the studied specimens were studied on SEM.

The structure of the composites studied features filler particles of irregular or
spherical shape depending on cooling rate embedded in metal matrix. Particles size is
from 0.5 to 2 mm. The interfacial zones between the filler and the matrix (i.e. solidified
binder) are produced as a result of dissolution and diffusion processes (Fig. 1).

F il

Fig.1. Schematic structure of the studied macroheterogeneous composites

To estimate phase stability the time dependencies of the wetting angles and the width
of interfacial zones have been used. These dependencies make it possible to evaluate
time interval necessary for setting quasi-equilibrium conditions at the interfaces. Quasi-
equilibrium is assumed to be reached on the expiry of interval  when no visible changes
in the values of wetting angles and interfacial zones width can be revealed. Comparing
the time interval ¢ with the infiltration duration t three types of interfacial zones of
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diffusion-and-dissolution type at the interfaces of the investigated composites can be
distinguished [2]. The first type of the interfacial zone structure is observed when quasi-
equilibrium at the interfaces is set within 5 to 10 minutes, i.e. <<z. In this case the filler
phases dissolve at the minimal rate, mainly, due to diffusion of the atoms from filler to
molten binder. Therefore, interfacial zones are viewed only from the matrix side.

When quasi-equilibrium at the interfaces can be reached on the expiry of the period
that is comparable to the infiltration duration, i.e. #~t the second type of interfacial zone
structure is seen, as quasi-equilibrium at the interfaces sets within 30 to 60 minutes. A
filler dissolution rate increases compared with that for the previous case t<<rz. Diffusion
of the atoms from the molten binder to the filler intensifies. An interfacial zone width
increases and a layer that dissolves and re-solidifies during the infiltration appears in the
structure of the interfaces. Diffusion zones are seen on either side of this layer.

The third type of interfacial zone structure is observed when quasi-equilibrium
does not set during the infiltration (¢ >> 7). The dissolution rate and the interfacial zones
width are of maximal value. At that, the interface width increases at the expense of the
layer that dissolves and re-solidifies during the infiltration. Diffusion of the atoms from
the binders to the filler reaches the maximal level.

The period of the time necessary to reach quasi-equilibrium increases in the
following sequence depending on the filler structure: crystal->microcrystal—>qu
asicrystal. Accordingly the interfacial reactions between the filler and the matrix
intensify. Having revealed the regulations in the structure formation of the interfaces
of diffusion-and-dissolution type it is possible to combine phases of different stability
in the structure of the fillers. When infiltrated the filler phases dissolve in the molten
binder non-uniformly. Naturally the phases of less stability dissolve at the higher rate.
For the fillers having crystal or microcrystal phases in the structure the dissolution of
the grain boundaries by the molten binders prevails during the infiltration. Inside the
fillers containing quasicrystal and crystal phases the molten binders penetrate along the
interphase boundaries dissolving mainly crystal phases.

Table 1
High-performance macroheterogeneous composites for various applications
8 Composites
‘g Filler Binder ln‘f[f}:/rpfzce Application
= Alloy Structure
W-C Crystal Cu-Zn
g W-C Microcrystal Fe-B-C
A7 W-C Crystal Fe-B-C-Si-Mn-P Metallurgy,
8 Cr-Ti-C Crystal Cu-Ni-Mn . machine-building,
g Cr-Ti-C Crystal Fe-B-C-Ti = mining, chemical
Z Cr-Ti-C Crystal Fe-B-C-Cr industry, power
£ Al-Co-Ni Quasicrystal Cu-Zn industry
© Al-Co-Cu Quasicrystal Cu-Zn
Al-Cu-Fe Quasicrystal Cu-Zn
& Fe-B Crystal Cu-Zn
'z Fe-B Crystal Cu-Ni-Mn
i ERC o [ e | o= | M
7 Fe-B-C Crystal Cu-Ni-Mn = o ’
g mining
B Fe-Cr-B-C Crystal Cu-Zn
< Fe-Cr-Nb-Mo-V-C Crystal Cu-Ni-Mn
é W-C Crystal Fe-B-C-Si-Mn-P
‘% g Fe-P-B Crystal Cu-Zn —_
_‘.3 é Fe-B-C Microcrystal Cu-Ni-Mn i maxﬁ;ﬂ}gﬁ%ﬁing
& 2 Fe-Cr-B-C Microcrystal Cu-Zn -
<) Fe-Cr-Nb-Mo-V-C | Microcrystal Cu-Ni-Mn
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The results obtained make it possible to develop new high-performance composite
materials. In Table 1 are given just a few of them that boast high corrosive and abrasive
resistance. The metallographic study shows that in the corrosive media the filler/matrix
interfaces corrode heavier than surrounding areas. This phenomenon results in the
subsequent crumbling of the filler from the matrix. As a result, interfacial reactions
should assure, on the one hand, adhesion between the composite constituents, but on the
other hand, the interfacial zones width should be as small as possible. These conditions
imply the formation of I- or II-type interfaces. Therefore, for maximum resistance to
corrosion the filler should contain microcrystal or quasicrystal phases.

Maximum resistance to wear in abrasive or gas-abrasive media ensures microcrystal
or crystal structure of the filler and II- or IlI-type interfaces. In this case the problem is
that metal matrices are too weak to support the filler particles. Due to intensification of
dissolution and diffusion processes at the interfaces the alloying elements from filler are
delivered to matrix which makes it stronger.

Conclusions

The idea used in this work is to select such composites constituents that allow
combining the phases of different stability at the composites interfaces. To estimate
phase stability the criterion that takes into account the time interval necessary for setting
quasi-equilibrium conditions at the interfaces is suggested. Its evaluation is based on
studying time dependencies of the wetting angles and the width of interfacial zones.
These dependencies make it possible to predict performance characteristics and enhance
their level due to strict control of interfacial reactions during infiltration.

Developed metal-matrix macroheterogeneous composites obtained by furnace
infiltration feature high strength, toughness, impact properties and so on. Technology
of furnace infiltration allows fabricating one-layer or multilayer composites for various
applications. Layers of the composites may differ in the filler or the matrix compositions
or structure type. They can be utilized for excellent abrasive or corrosive resistance.
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