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Calculations were made for embodiments CT:

— VK10 (90 % WC and 10 % Co);

—a modified VK10 (79,7 % WC and 9,5 % Col,3 % CrN; AIN
6,5 %, TiN 3 %) and VK20 (80 % WC and 20 % Co).

Calculated amounts of nanostructures (V), the minimum (%,,;,) and
the maximum (hmax) of depth, as well as the grain size (a). The criterion
for the formation of nanostructures in the volume considered the achieve-
ment of the desired temperature range (500...1500 K) implementing tem-
perature increase rate of more than 10’ K/s. Were determined from the
dependence of these quantities of energy ions (200, 2000, 20000 eV) by the
action of one-, two- and triply charged ions. These values were calculated
for the case of steps ions: boron, carbon, nitrogen, aluminum, vanadium,
chromium, oxygen, iron, nickel, cobalt, yttrium, zirconium, molybdenum,
hafnium, tantalum, tungsten and platinum. comparing these values were
held to consider the three cutting tools.

In the case of the action of nitrogen ions (200 eV) to have a volume
of 5.8 VK10-10%" m’, hyy = 7,97-10"° m, Ay = 3,02-10° m and a grain
size is 2.23-10” m. To obtain the volume of 2.91 Modified VK10-10%" m’,
hoin = 0, Hpax = 2,88-10'9 m and a grain size is 1.77-10°° m. If actions for
nitrogen ions have VK20 volume 7.42:10%° m’, Ay = 0, Aoy = 8,46:10° m,
and the grain size is 5.21-10° m.
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Increased energy 20 keV results in a substantial increase in the NC of
volume, and it is 4.46-10% m’ depth also increase somewhat A, = 2,33-10° m,
P = 2,69-10™ m, and the grain size is 2.04-10™® m. VK20 amount 2.63-10% m’,
Pranin = 1,24-10°° m, Ay = 5,73-10® m, and the grain size is 3.69-10% m.

In the case of actions of yttrium ions at an energy of 200 eV we
have a volume of 3.98:10" m’, Aipin = 5,18:107"" m, Ay = 2,72:10”° m, the
grain size is 1.97-10° m. To obtain the volume of 4.06 modified VK10-10™ m’,
Bain = 0, Bmax = 1,49-10° m, grain size is 9.19-10"° m. VK20 volume
3.07-10%" m°, Apin = 0, hpmax = 4,32-10”° m, and a grain size of 2.7-10° m.

Increasing energy of 20 kV leads to an increase in the grain size
VK10 to 1.92 -10%* m’, Apin = 1,3-10% m, Ay = 1,99-10® m, and the grain
size is 1.54-10° m. To 6.8 VK20-10™* m’, /tpyip = 1,54-10° m, A = 2,99-10™ m,
and the grain size is 2.35-10° m.

In the case of actions on the VK10 hafnium ions (200 eV) we have
volume 1.18-10% m?®, hiin = 3,94-10° m, /e = 7,76-10° m, the grain size is
60.9:-10° m. Move to higher energies leads to an increase in volume to
2.6:10%* mP, hpin = 1,5-10% m, Ay = 2,21-10® m, grain size is 1.71-10% m.
VK10 have modified volume 2.54-10% m?, A, = 0, Ainax = 2,2-10° m, grain size is
7.86-10™° m. VK20 grain volume up to 6.41-10% m, Ay = 0, hyn = 3,74-10° m,
and the grain size is 2.3-10” m.

Going to higher energies resulting in an increase in grain volume to
2.64-10% m’, Apin = 0, Amax = 1,29-10" m, and the grain size is 7.96:10° m.
VK20 grain volume increases to 4.6:10% m’, hpyy = 6,01:10° m, Ay, =
2,67-10® m, and the grain size is 2.06- 10% m.

The study was performed for singly charged ions, battery rise
results in an increase of particularly significant quantities kVe at 20 and z = 3.

Consider the action of boron ions (B+), nitrogen (N+), yttrium
(Y+) and hafnium (Hf+) to the modified VK10 (79.7 % WC). VK20 (80 %
WC) and VK10 (90 % WC), as in Fig. 1 shows the dependence of the grain
size (a), the minimum (b) and maximum (c) NS depth and the grain radius
of the ion N+ (Fig. 1), for the case of action on the modified VK10.

To assess the degree of influence of the cemented carbide compo-
sition (percentage of WC in a material) on the efficiency of producing
nanostructures these ions were constructed according to the grain volume of
the proportion of the tungsten carbide in CT material for the case of steps of
boron ion (B+), nitrogen (N+), yttrium (Y+) and hafnium (Hf+) (Fig. 2).
Analysis of the results shows that for low mass ions of boron and nitrogen
percentage of tungsten carbide effect slightly, whereas with increasing mass
of the ion, this difference becomes significant (especially hafnium ions it varies
by more than an order of magnitude). All this testifies to the fact that the
mass of the ion significantly affects the volume, and therefore the grain size.
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Fig. 1. Dependencies volume nanocluster (NC) (a) and the minimum (b)
and maximum (c) depth and radius of NC (d), the energy nitrogen ions (N*)
with different charge (z =1, z =2, z =3) VK10 modified

It is seen that for all ions minimum value for the grain size realized
VK20 somewhat larger for the modified VK10 and VK10 is significantly
higher for the (classical). These results suggest the possibility to use the
modified VK10, which has a high physical-mechanical characteristic than
VK20 and VK10, although the grain size had substantially the same as that
of the VK20.
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Fig. 2. The dependences of the NC volume percent tungsten carbide composition
for modified VK10 (WC - 79.7 %), VK20 (WC - 80.00 %) and VK10
(WC -90.00 %) under the action of yttrium ions («) and hafnium (b)

Consideration of the action of boron ions, nitrogen, yttrium and
hafnium to the modified VK10 (WC — 79.7 %), VK20 (WC — 80.00 %) and
VK10 (WC - 90.00 %) showed:

1. Value of the ion energy and the ion charge states greatly affect the
grain size (with increasing energy of the charge and the grain size increases);
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2. Increase the percentage composition of the tungsten carbide results
in grain growth, and with the increasing mass ion reduction of the grain size
is more significant that it can be used to obtain the required grain size;

3. Designing a cutting tool material with the possibility of for-
mation of nanostructures shows that not always increase the proportion of
tungsten carbide tool enhances the performance and efficiency, and often
the grain size has a decisive influence.

KOHIEMIII TA IPUHIIAIIA CTBOPEHHS
BUCOKOE®EKTUBHUX PI3AJIBHUX IHCTPYMEHTIB
1 BACOKOPECYPCHUX JIETAJIEN
3 YPAXYBAHHSAM 3MIITHEHHS

Kocmrwok I I.l, Ionos B. B.2
' Hayionanvruii aepoxocmiunuii ynisepcumem in. H.€. JKyroscvkozo «XAD
Axyionepne mosapucmeo ®EJ], Xapxis

KoHnemiist monsirae B ToMy, o KoHcTpytoBaHus PI i merameii 3i
3MII[HEHHSIM CIIPSIMOBAHO Ha KIHIIEBUH PE3yJIbTAT JOCATHEHHS MaKCUMY
edextuBHOCTI (hopmoyTBOpeHHS 3aBsku PI, MakcuMy cTiiikocTi abo mpo-
JIYKTUBHOCTI 00poOneHHs nis Pl ta mis netaneit MOCATHEHHS MaKCHMAllb-
HOTO pecypcy abo HamiHHOCTI.

Konuenuist [uist pizanbHOrO iHCTPYMEHTY 0a3yeThCsl HA BUKOHAHHI
TaKUX MPHUHIUITIB!

1. IToTpibHO BHOpaTH TOEAHAHHS MOKPUTTS — ONPAILOBAHUN MaTe-
pianm Ta ocHOBHUI Matepian PI — omparpoBannii Matepial, siki 3abe3nedy-
I0Th MiHIMaJIBHY X aAresiiiHy B3aeMOJIIO i, OTKe, e()eKTHBHE MEXaHi4HE
00pOOIICHHS.

2. MakcuManbHy airesiiiHy B3a€MOJIII0, a OTKe, 1 epeKTHBHY po-
6oty nokpurtiB Ha Pl i meranmsax 3 mokpuTrsmu Oyne 3abe3neyeHo Npu
MaKCHMYMi PIi3HUII €JIeKTPOHETaTUBHOCTI MaTepialliB MOKPHUTTA W IeTai
(PI), mo Takok 3a0e3meunTh MakCHMyM airesii, a omke, i ehekTuBHY U
TpuBaiy poboty PI i neraneit arperaris.

3. SIk xputepiii poboTo3marHocTi Pl MOKHa B3ATH TEXHOJOTIUHI
KpUTEPii: KPUTHIHA IIOPCTKICTh, TOYHICTH pO3Mipy abo dopmu (HampH-
KJIaJl, MaKCUMAJIbHO JOIYCTHMa KOHYCHICTh, OOYKOMOIOHICTh, XBHJISC-
TICTb Ta iH.)

4. EdextuBHIiCTE (OPMOYTBOPEHHsI i POOOTO3AATHICTH TBEPIUX
CIUIaBiB 3 MOKPUTTSIMH IiJl 4ac OOpOOJICHHS 3arapTOBaHUX CTaJci BU3HA-
YaeThCsl PO3MIPOM 3€pHa B IOKPUTTI, MPUYOMY MEHIIOMY PO3MIipy 3€pHa
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