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Urops AnaronseBnd byOHeHKkoB

Hay4Ho-uccneoBareabcKiii HHCTUTYT KOHCTPYKIIMOHHBIX MaTepualioB Ha ocHoBe rpaduta «HUWrpaduT»,
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E-mail: iabubnenkov@mail.ru

Llenvio uccnedosanus, npeocmagieHnozo 8 OAHHOI CIAMbe, AGNACHICA U3yUeHue KuHe-
MUKU RPORUMKU 2PAPUN06020 KEAZUMOHOKPUCIAIA KPEMHUEM U U3yUeHUe 00PaA308aHUA Kap-
Ouoa Kpemuus ¢ pe3yibmame HUOKOQPaIHo2o 63auMo0eiicmeus KpeMHUs ¢ K6A3UMOHOKPUCHAT-
JUuYecKuM zpagpumom. IKCnepumeHmol nPOGOOUNUCH 8 PEAKUYUOHHOI KaMepe YCMAHO8KU 8blCO-
KOGAKyyMHOIl neuu noo 0asjieHuem U Hazpesanuem 00 memnepamypul niasienus kpemuus. Mo-
MeHm 00pazosasuienica Kanaiu Kpemnusa Ha 2pagyumoeoii no0n0icKe uKcuposancsa é 3a8Ucumo-
cmu om epemeHu 8bl0ePIHCKU, 3amem nPoeoOUICA paciuem paouyca Kanau ¢ yeablo onpedeneHus
Xapakmepa npouecca cmauusanus. B coomeemcmeuu ¢ nonyuenHviMu OAGHHbIMU UIMEPATUCD
2eomempuuecKue napamempusl Kanau (gvicoma, Oauna u y2on cmavueanus). Illokazano, umo yege-
JUYeHUue 8PeMeHU 63aUMO0eIICIEUA K6AZUMOHOKPUCMANLA C KPEMHUEM YEeaUiuaem Mexdcnioc-
KOCHHOe paccmosanue mexicoy amomamu y2inepood, Ymo, no MHEHUI0 A6MOpP08, C8A3AH0 C NPOHUK-
HOBEHUEM AMOMO8 KPEMHUA MexHcOy niaocKocmamu zpaguma. bvino makce ommeueno, Umo 60
epems 63auMo0eiicCmeus Kea3uMOHOKpUCMAania u3 paguma c Kpemuuem Haodai00aenca uHmeH-
CUBHDLIL npoyecc CHUuMceHUus aocopoyuu (Ighgpexm Pedbunoepa), 6 pesynomame uezo KpemHuii npo-
HUKaem ¢ CmMpPYKmypy y2nepooa ¢ Hanpaenenuu zpagpumossix cioes. Ilpu e3aumooeiicmeuu Kpem-
HUA ¢ K6A3UMOHOKPUCMATIIOM MUKPOZDYRRUPOBKU UCXOOHO20 Y2Nepooa Muzpupyom 6 pacniae 6
pesynsmame npoyecca oucnepzuposanus. B cmampe npedcmagnenst oannsle 06 IKCnepumMenmax
HO CMAYUBAHUIO NOOI0MHCEK KBAZUMOHOKPUCMANNA KPEMHUEM C PA3TUYHBIMU 8DEMEHAMU Gbl-
0epIHcKU, U3YUEHbl NPOYECChl HA ZPaHuLe pazoeild noay4YeHHsIx oopasyos. U3 ananuza yxcnepu-
MEHMAILHBIX OAHHBIX 0 CMAYUSGAHUU KBAZUMOHOKPUCMALIUYECKUX NOO0JI0MHCEK KPeMHUEM npU
DPA3HBIX BPEMEHAX BbLOEPIHCKU ObL1A NOKA3AHA 2PAPUUECKAs 3A6UCUMOCHb DAOUYCA U Y2d pAcCHie-
Kanus o0pazosaeuieiica Kanaiu Memaiida 60 6pemeHu.
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The aim of the study presented in this paper is to study the kinetics of the impregnation of
a graphite quasi-single crystal by silicon, the study of the formation of silicon carbide in the liquid-
Dphase interaction of silicon with a graphite quasi-single crystal. The experiments were carried out
in the reaction chamber of the installation of a high-vacuum furnace under pressure and heating
to the melting point of silicon. The moment of the formed drop of metal on the substrate was fixed,
depending on the holding time with calculation of the droplet radius. According to the received
data, the geometrical parameters of the droplet (height, length and contact angle) were measured.
It is shown that an increase in the interaction time of a quasi-single crystal with silicon increases
the interplanar spacing of carbon, which, in the opinion of the authors, is due to the penetration of
silicon atoms between the graphite planes. It was also noted that during the interaction of a quasi-
single crystal of graphite with silicon, an intensive process of adsorption decrease in strength (the
Rehbinder effect) is observed, as a result of which silicon penetrates the carbon structure in the
direction of the graphite layers. In the interaction of silicon with a quasi-single crystal, the mi-
crogroups of the original carbon migrate into the melt as a result of the dispersing process. The
paper presents data on the experiments of wetting substrates of a quasi-single crystal with silicon
with different holding times; processes at the interface between the obtained samples were studied.
From the analysis of the experimental data on the wetting of the quasi-single-crystal substrates by
silicon at different holding times, the dependence of the radius and the spreading angle of the

formed metal drop on time were plotted graphically, and X-ray phase analysis was performed.
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INTRODUCTION

The physicochemical processes that underlie
the melting of metals on a graphite substrate are the
processes of interaction of a liquid metal with a carbo-
naceous substance that involve atomic dissolution and
dispersal of the carbon component. Directly the pro-
cess of interaction of metal with a substrate is preceded
by wetting, spreading, capillary impregnation [1]. In
parallel, the process of recrystallization of the disor-
dered component proceeds. The most important factor
in the course of these processes is the nature of the car-
bonaceous substance, which includes the crystal struc-
ture, porosity, etc. After the flow of the wetting and
spreading process, the melt penetrates into the graphite
through the capillary system. Surrounded by interlay-
ers of the metallic phase under the action of the Re-
binder effect, the macroparticles of the graphite phase
pass into the melt. The most effective penetration of
the metal melt into the porous system will occur with a
decrease in the contact angle of wetting, and an in-
crease in the effective radius of the capillary while
maintaining the fluid properties unchanged.
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The purpose of this study is to study the kinet-
ics of impregnation of a graphite quasi-single crystal
by silicon. Investigation of the formation of silicon car-
bide during the liquid-phase interaction of silicon with
a graphite quasi-single crystal. A quasi-single crystal is
a pyrographite heat-treated at high temperatures and
pressures.

Thermomechanical treatment of pyrographite
in the temperature range 2700-3000 °C with applica-
tion of pressure 10-30 MPa leads to its recrystallization
[2]. As a rule, thermomechanical treatment is carried
out under the pressure of an inert gas, partially reduc-
ing sublimation of carbon at high temperatures. A
quasi-single crystal consists of anisotropic mosaic
blocks textured in a direction parallel to the basal
planes. The structure of the initial pyrographite [3] af-
fects the properties of the material after thermome-
chanical treatment. In all cases, this leads to a decrease
in the size and partial disappearance of the growth
cones in pyrographite. Investigations of the structural
parameters and physical properties of a quasi-single
crystal showed its high anisotropy, close to ideal
graphite. Despite the approximation of a quasi-single
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crystal with respect to electrical resistance and thermal
conductivity to an ideal graphite crystal, the presence
of a mosaic block structure will facilitate the efficient
dispersion of large structural fragments in the melt.
The material is used in brake pads, missile nozzles,
coating of combustion chambers of rocket engines, as
a seal of graphite crucibles for melting high-tempera-
ture metals and refractories, etc.

The field of application of carbon materials is
their use in the creation of composite materials with
unique properties. Metals and alloys are used as a
binder for such composites. Important tasks are to en-
sure excellent wettability of the carbonaceous material
particles with a bond and strong adhesion of the cured
metal to their surface. In addition, the technology for
obtaining special grades of graphite, graphite for the
synthesis of diamonds and continuous casting crystal-
lizers is based on general scientific ideas about the in-
teraction of these graphites with liquid metals.

EXPERIMENTAL TECHNIQUE

The experiments were carried out in the reac-
tion chamber of a high vacuum furnace under pressure
and heating to the melting point of silicon. The formed
drop of metal on the substrate was fixed, depending on
the holding time and calculation of the droplet radius.
According to the received data, the geometrical param-
eters of the droplet (height, length and wetting contact
angle) were measured. Then, the samples were ana-
lyzed on the Axio Observer Alm research inverted mi-
croscope from «Zeiss», specific surface energy was
calculated and X-ray phase analysis was performed.

RESULTS AND ITS DISCUSSION

From the analysis of the experimental data on
the wetting of the quasi-single crystal substrates by sil-
icon at different holding times, the dependences pre-
sented below are constructed.
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Fig. 1. The dependence of the radius of the silicon drop on the
holding time for a quasi-single crystal

Puc. 1. 3aBucuMocCTb pajguyca KaIuld KpEMHUS OT BDEMEHH BbI-
JEPKKH 7151 KBa3HMOHOKPHCTAILIA
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With an increase in the spreading area, which
depends on the radius, the specific spreading surface
will increase. From the dependence obtained, it can be
concluded that the specific surface area of the spread-
ing is increasing, which is one of the parameters, the
quantitative evaluation of the spreading.
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Fig. 2. The dependence of the contact angle of a silicon droplet on
the holding time for a quasi-single crystal

Puc. 2. 3aBUCHMOCTD yTila CMAauHUBaHUS KallJl KPEMHHS OT Bpe-
MEHH BBIIEPKKH T KBa3UMOHOKpHUCTAIIA

The work of adhesion will increase with a de-
crease in the wetting angle, which indicates the inten-
sive interaction of the contacting phases.

Fig. 3. Silicon droplet on a quasi-single crystal substrate (at a
holding time of 1 min)
Puc. 3. Karuis kpeMHHs Ha KBA3UMOHOKPHUCTANTUYECKOH 1O/~
JIOXKKE (BpeMsI BBIICPKKH | MUH)

Fig. 4. Photographs of samples after experiments on wetting a
quasi-single crystal with silicon (layer thickness is 264.3 um,
holding time is 1 min)

Puc. 4. ®otorpadus odpasiia mocie SKCIepUMeHTa 10 CMavnBa-
HUIO KBa3MMOHOKpHUCTaLIa KpeMHHEM (TOomKHa c1ost 264,3 MKM,
BpeMsl BBIICPIKKH | MHH)
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Images of the contact site of the interphase in-
teraction were obtained on the research inverted micro-
scope. Microscopic images of the obtained sample af-
ter experiments on wetting of graphite substrates of a
quasi-single crystal by silicon are shown in Fig. 4.

According to the photographs, the increase in
the carbide layer of silicon and the ordered crystals
with increasing time is clearly visible. This character-
izes the increase in the interplanar distance of carbon,
which is probably due to the penetration of silicon at-
oms between the graphite planes. According to the
photographs, microgroups of the original carbon are
transferred to the silicon melt as a result of the disper-
sion process.
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CONCLUSIONS

It is shown that with an increase in the interac-
tion time of a quasi-single crystal with silicon, the in-
terplanar distance of carbon increases, which is proba-
bly due to the penetration of silicon atoms between the
graphite planes. In the interaction of a quasi-single
crystal of graphite with silicon, an intensive process of
adsorption decrease in strength (the Rehbinder effect)
is observed, as a result of which silicon penetrates the
carbon structure in the direction of the graphite layers.

It is established that the interaction of silicon
with a quasi-single crystal in the melt as a result of the
dispersing process transforms the microgroups of the
original carbon.
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