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Abstract. An approach to assessing the performance of carbide cutting inserts based on fixing changes in the defectiveness of its
structure is proposed. The assessment is based on the phenomenon of activation of inhomogeneous chemical processes at extremely
low concentrations of substances that occur in places of excessive surface activity in the structure of the material. The effect is
determined by the initial imperfection of the structure of the surface layer of the material and the increase in the defectiveness of the
carbide material under the influence of thermobaric loading during the operation of the tool. It is proposed to use the black index of
the chemographic image of the studied object as a criterion for the array of structural defects, the value of which indicates the level
of structural violations and internal defects in the material.
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Introduction

The properties of sintered hard alloys are determined not only by their composition and structure, but also by the presence
of various defects. Therefore, it becomes necessary to control the micro- and macrostructure of the alloy. The presence of
caverns, cracks, structural imperfections and other defects in the hard alloy affects the operational stability of the finished
products, the productivity of the processes with their application, and the reliability of operations.

Defects can conditionally be divided into two main groups that is sintering defects and processing defects. The
development of such defects in the process of cutting leads to an active reduction in the period of tool life, the occurrence of
marriage.

Typically, sintering defects, which include structural defects, are determined by X-ray diffraction analysis. Identification
of cracks is performed using microscopy (including electron microscopy), using visualization tools. There are many methods
for controlling hard alloys and superhard materials. Some of the methods are standardized [1], others are currently being
actively developed [2]. The methods presented in [3, 4] make it possible to perform microscopic control of a hard alloy, but
only indirectly allow one to judge the reliability of the operation of a tool with carbide inserts. At the same time, work [5] shows
the possibilities in predicting the health of plates during their operation, in particular, of the tungsten group [6].

We propose to use the chemography method described by the authors in [7, 8] to assess the defectiveness of a hard alloy
and predict its performance.

The method of chemography is based on the use of phenomena of activation and fixation of chemical heterogeneous
processes of extremely low concentrations of substances (including aqueous solutions) that occur in places of excess surface
activity of the body under study. To fix these reactions, the authors of [9] propose using a photographic film (X-ray type RT-1
or AGFAD7 NIF).

The researchers studied the indicated effect by the example of metals, the oxidation of which occurs in the presence of
moisture with an intermediate product in the form of atomic hydrogen H *, the ingress of which on the surface of the film in the
dark leads to the formation of atomic silver Ag *in it, just like when contact with the emulsion of light rays.

Due to chemical reactions in the film, a latent reflection of this interaction is formed. If the surface of a solid body, being
oxidized during chemographic exposure (the contact time through a thin water gap of the oxidizing surface and the film) is
spatially inhomogeneous to emit atomic hydrogen into the aqueous medium, the nature of the heterogeneity of such a process is
recreated in the latent picture of the film, which is converted into a visible one by the usual manifestation.

An important point of the method for fixing reactions of ultra-low concentrations is its resolution. Despite the fact that
atomic hydrogen H * practically affects Ag *, causing silver oxidation in Ag,O during the manifestation of silver, the resolution
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will theoretically be determined by the size of silver particles (its grain), in practice, establish close contact with the test surface
with a layer of H* OH" liquids almost difficult enough.

The metal surface freed from oxides in the initial stages is very sensitive to various factors: moisture, temperature, ion
etching, deposition (adsorption) of atoms or molecules other than the elemental composition of the substrate, deformation, etc.
Therefore, such a surface exhibits high chemical activity, a variable depending on the active factor. If the action of these factors
is local, they will locally affect the rate of further oxidation of the investigated surface even during chemographic exposure and
thus visualize themselves. At the same time, the manifestations of film are intensified by the formation of a latent image 10°-107
times. This allows you to use the chemographic method to visualize heterogeneous processes of ultra-low intensity and
successfully apply it to study a wide class of phenomena: metal corrosion, the structure of chemically or mechanically
processed surfaces, electrode processes, metabolism in biological tissues, etc.

Experimental Methods

For the study, TI5K6+TiN hard alloy plates were used; they processed X18HI10T stainless steel. Processing modes —
cutting speed of 85 m/min, feed — 0,07 mm/rev, cutting depth — 5,2 mm. A shaft-type part was subjected to processing,
external processing, to the passage. To exclude the influence of surface contaminants before chemographic studies, the
plates were cleaned in a VUP-5 vacuum chamber using equipment for degassing the test samples (holding time 2 hours,
vacuum depth 1073 Pa, heater temperature 425 K.

The surface of the plates was studied using a REM-106 I scanning electron microscope, obtaining images of the surface
layer in reflected electrons, and chemographic images were obtained according to the procedure [10].

Since chemographic patterns differed in the optical density of the image, a technique of averaging shades of gray
was used. So, to assess the degree of influence of the acting factor on the chemographic image, we switched to the
relative blackness index, which was calculated by
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where F;, Fmin — optical density of the i-th and minimum shades of gray.

Such an approach allows us to practically eliminate the influence of some deviations in the chemical composition
of the medium, the modes of performing chemography, since we move from absolute indicators of the density of the
obtained image to relative indicators.

To determine the optimal exposure time t, studies were performed that showed a change in the relative blackness
index as a function of time. The results showed that exposure for T = 20 min makes it possible to obtain the maximum
value of image contrast, fig. 1.Moreover, it was found that an important role in identifying defects is played by the
temperature of the liquid d7, which is selected depending on the required resolution of the resulting chemographic
picture, fig. 2.
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Fig. 1. The change in blackness /. when changing the exposure time: Fig. 2. Depending requiredresolution of the temperature of
¢ —blackness index /.; m —shades of gray by element; — — liquid: ® — non-metals; o — metals; ---- — linear (non-
logarithmic shades of gray by element metals); - - - - — linear (metals)

To minimize the degree of influence of the plate coating on the obtained chemographies, a preliminary
determination of the coating thickness was performed using the NOVOTEST TP-1 coating thickness gauge. the
resolution of the device with a sensor F-0.3 = 3% of the measured value (with a measured value in the range 0-300
mm). Since the active surface area of the sensor is 9 mm?, measurements were performed at fixed points along a line
passing through the center of the plate. Thus, average values of the coating thickness /# were obtained both at the tops of
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the plate and at its working edges. The coating thickness was measured on new plates, as well as after a certain period
of their work.

Obtained Results
An example image of the studied plates and a chemographic picture of the plate are shown in table 1.

Table 1
Chemographic images of T15K6 carbide plate with TiN * coating

Carbide plate images Analysis of the chemographic picture

The picture is distinct, individual defects of the end are visible, the image along
the edges is contrasting

initial

The area of the working zone of the plate is clearly defined, damage to the
surface layer (TiN) is recorded, the zones of maximum force impact have a
contrast

After working t =20’

The picture loses clarity, the area used for processing has received high
contrast

After working t = 60’

* Contamination from plates removed in a vacuum chamber

In contrast to the presented image, the chemography of the plate has clearly defined contours with a width of 0,4—
0,9 mm, which differ from the presence of defects that are visually determined at the edges and vertices of the plate.
The presence of a thin TiN layer does not significantly affect the black density, since a change in the coating thickness
(from 2 mm to 10 mkm with an average value of 6,0 mm before processing and from 0 to 8 mm with an average value
of 4,0 mm after processing) led to a change in the parameter /.. At the same time, we found that with an increase in the
processing time for this plate, the chemographic picture of the plate changes: the borders become wider (over 1,5 mm).
This width directly depends on the cutting conditions, and determines the chemographic activity of the surface.

Comparing the microelectronic image with the obtained chemographic image, we can conclude that the idle
vertex (fig. 3) gives less illumination, while the vertex experiencing loads from the cutting process even more without
damage to the coating is more active. We found that the chemographic picture will change with the growth and
accumulation of critical damage to the hard alloy. So, if at the initial moment of time the maximum contrast of the
image is observed only at the ends (in places where the planes converge), then during operation the index /. increases on
those surfaces where the action of the process factors was maximum (fig. 4).
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Thus, obtaining a chemographic image of the initial plate and comparing it with the existing standard ones, we
can evaluate the initial state of the material and predict the period of operation of the plate. In this case, a criterion for
existing defects and structural imperfections can be a change in the blackness index, the minimum value of which
indicates a minimum of structural disturbances and internal defects.

Since the material undergoes thermobaric loading on the contact surfaces during cutting, and the structure of the
tool material differently resists this loading, it can be concluded that chemography fixes an increasing number of
defects, which in some cases have a rather long latent accumulation and cannot be fixed by other known methods
assessment of the state of the plates.

WD=38.8mm 00V x600
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Fig. 3. Microelectronic images of initial (@) and working vertices (b)
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Fig. 4. Changing /. from time of used (before the crack)

However, in practice, we are dealing only with the destruction elements that appeared after passing through the
activation barrier. That is why chemography may be useful for quantitative assessment of the state of the material
structure at the stage of “shadow” increase in the number of defects, when the entropy of the system increases without
changing its properties. Indeed, in essence, the method registers changes occurring on surfaces at the atomic level.

Conclusions

The conducted studies allow us to propose a new highly effective method for assessing the performance of carbide
plates based on the intensity of the chemographic effect fixed on the surface of the plates. In this case, this effect is
determined by the initial imperfection of the surface layer structure (including the presence of defects) and the
degradation of the cutting surface during processing.

Further research should be aimed at assessing changes in chemographic parameters depending on the conditions of
thermobaric loading of the system and obtaining certain indicators that can be tied to the nature of the phenomena in the
material. The result of such studies may be methods for predicting the operability of the tool in specific conditions.
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3actocyBanHs xemorpadii 15 ONiHKY NPane3IaTHOCTi TBEPAOCIJIABHUX
pi3ajibHUX MJIACTHH

Ouexcanap Canenxo, Muxaiinio Enizapos, Buxkrop Llerunin,
M. A. Anb-Kypaan Tapek, Cepriii Kiumenko

Anomauia: 3anpononosanii nioxio 0o oyinKu npaye30amHoCcmi pi3anrbHux RIACMUH 3 MEEPA02O CHAABY, 3ACHOBAHUN HA QIKCYB8aAHHT
3MIHU OegpekmHocmi 1lo2o cmpykmypu. B ocnosy oyinku noknadeno sasiwe akmigayii HeOOHOPIOHIX XIMIYHIX npoyecié npu 6Kpail
HU3bKUX KOHYESHMPAYIAX PEYOBUH, WO SUHUKAE 6 MICYAX HAOTUUIKOBOL NOBEPXHE80l akmusHocmi 6 cmpykmypi mamepiany. Egexm
BUSHAYAECMbCA NOYAMKOBOI0 HEOOCKOHANICMIO CIMPYKMYPU NOBEPXHEE020 WAPY MAMepiany i 3pOCMAanHAM 0epeKmHocmi meepoozo
cnaagy nio i€l mepmobapUtHO20 HABAHMANCEHHA 8 npoyeci pobomu incmpymenmy. Ak Kpumepiti Macugy CmpyKmypHux oegexmis
3aNpoONOHOBAHO BUKOPUCIOBYEAMU [HOEKC YOPHOMU XeMOpAPiuH020 300padcents OOCTIOHCYB8aAH020 00'ckma, 3HAYEHHA AKO20
6KA3YE HA PiBEHbL CIMPYKMYPHUX NOPYULeHb | BHYMPIWHIX Oeghekmis ¢ mamepiali.

Knrwowuoei cnosa: xemozpaghisa, meepouil cnias, degpekmuicms CmpyKmypu Mamepiany, 4ac pi3aHHs

HUcnoab3oBanue xemorpaguu AJ1s1 OEHKH padoTOCIIOCOOHOCTH
TBEPAOCIVIABHBIX PEKYIIMX MJIACTHH

Aunexkcanap Caaenko, Muxaua Enuzapos, Bukrop IlleTunumn,
M. A. Anb-Kypaan Tapek, Cepreii Kinumenko

Annomayusn. Ilpeonodxcen nooxod Kk oyenke pabomMoOCHOCOOHOCMU PeXCYyWux NIACMUH U3 MEepio2o CNIaAéd, OCHOBAHHbII HA
Quxcayuu usmenenus deghpekmnHocmu e2o Cmpykmypbl. B ocnogy oyenxu nonosiceno sagnenue akmusayuu HeOOHOPOOHbIX XUMUYECKUX
npoyeccos npu Kpaiine HUSKUX KOHYeHMpAayusx eeuecms, 603HUKAWel 8 Mecmax u36blimoyHol no6epxXHOCMHOU aKMUBHOCMU 6
cmpykmype mamepuana. d@ghexm onpedensiemcs Ha4aIbHbIM HECOBEPUIEHCINEOM CIMPYKIMYPbl HOBEPXHOCHHO20 ClIOS MAmepuana u
go3pacmaHuem OepeKmHOCmU meepoo20 CHniaéa noo Oelicmeuem mepmModoapuiecKkoe0 HAPYIceHus 6 npoyecce pabomvl
uHcmpymenma. B kauecmee kpumepus maccuéa CmpyKmypHoix 0e@eKmos npeoNoNHCeHO UCHONb308AMb UHOEKC YepHOMbL
Xemozpaguuecko2o uz00paxtcerus ucciedyemo2o 00beKma, 3HaueHue Komopo2o yKaswleaem Ha YPOGeHb CIMPYKMYPHbIX HAPYUEHUT
U BHympeHHUX Oeghekmog 6 mamepuaie.

Knrouegue cnosa: xemozpagus, meepoviii cnias, 0eghpekmHoChs CMpyKmypbl MAmepudid, 6pems. pe3anus
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