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i s optical |t§2mp@ﬁ§g§r d, etc.) and depending on a method of obtalnmg the
material (sintering, pressing or melting) and also as a result of changes of
technological parameters of the used method. For example, to obtain
material representing zirconium ceramics, methods of sintering and
isostatic compression are used, and to obtain zirconium material having
crystalline structure, different modifications of high-temperature melting
are used.
The choice of the method of obtaining the material and equipment
are determined by characteristics of initial compounds and obtained
material, and also by demands made on the finished products, such as
cleanliness, defectiveness, structure, size, etc. As a rule for more
economical use of the material it is tried to be obtained of a larger size and
more suitable shape, because when preparing the crystalline material,
wastes after cutting, grinding and polishing can be up to 80% of the initial
material.
There is known a material based on zirconium (hafnium) dioxide
stabilized with 10-30% of yttrium oxide (US Patent Document No.
4153469, pub. 08.05.79). The material represents a monocrystal of cubic
modification of zirconium (hafnium) dioxide, and it is optically transparent.
A monocrystalline structure of the material ensures its high microhardness
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A monocrystalline structure of the material ensures its high m crohardne
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and 2-4 of ; < The basi s of the materia pto 90% is
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of sintered ceramics and consists of grains of irregular shape with a size of not
more than 0.1 um. This ceramics has high hardness, bending strength and
viscosity. But because of the monoclinal phase of zirconium dioxide and
submicropores on the border of the grains, the grains crumble out. It
increases fragility of the material and decreases its wear-durability.
To obtain ceramics it is necessary to reduce the powders of oxides,
which the ceramics consists of, to small dispersive fragments 0.1pum in size,
to grind them in water, to add polyvinilstirol and mix thoroughly. Of the
obtained shliker the press-powder is produced by pulverizing drying and
then is formed at pressure of 3 t/cml. After the link is burnt out, the half-
finished product is sintered for an hour at 1480°C, then condensed by the
method of hot isostatic pressing at temperature of 1400°C and pressure of
1500atm (JP Appl. 62-30660 (A;) pub. 09.02.87 Kokai Toko Koho).
The obtained ceramics has Vicker’s hardness — 1600 kG/mml and a
bending strength of 600-900 MPa at 20°C.
Above technology of producing ceramics does not make it possible
to get material with a high density, and consequently with a sufficient
mechanical durability of ceramic material. Also the problem is obtaining of
the initial powder with the even granule-metric composition all over the
volume and even distribution of the stabilizing oxide in zirconium dioxi
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wear - dur abi 84§ 480°E"For 1-10 hours or in discharged atmosphere at pressure of
10" -10"" mm mercury and temperature of 1100-2100°C for 1-20 hours.

The known method leads to obtaining of the material, which
microstructure represents chaotically situated domains, having irregular
shape and size of 100-200 nm (0.0001-0.0002 mm).

At expense of decrease of structure granularity wear-durability of the
material is increased. But such ultradispersive structure leads to strain
surface layer with high strain of compression. It decreases resistance of the
material to the beginning of cracking, and also it is a conductive factor for
possible transformation of the tetragonal phase into the monoclinal one.

It is known that increased tendency of the material to development of
the surface cracks is testified by a higher index of crack strength,
determined at room temperature by method of chevron cut in comparison
with the same index, determined by method of ball pressing (Fisher G.
Zirconia: Ceramic Engineering’s toughness challenge. Am. Cer. Soc., Bull.
1986, 65, No. 10, 1355-1360). For this material these indicators are 17
MPa/ml and 11 MPa/ml correspondingly.
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mat eri al V%lt a structure, which would allowto 1 ncrease resistance of the
material to fig: begi nni ng of cracking, bend strength and wear-durability
of the nmaterial3. Samary efgthetinventipnoduci ng cutting edges and

high-durable  Technical task of the invention is to create a polycrystalline material
with a structure, which would allow to increase resistance of the material to
the beginning of cracking, bend strength and wear-durability of the
material, when using it for producing cutting edges and high-durable
articles.

Above task is achieved by obtaining material, consisting of
crystallites of partially stabilized zirconium dioxide of a needle or plate
shape with a size not more than 0.05 mm, ration of the length to the
maximum cross section not less than 2:1, the crystallites arrange parallel to
their long axes and form rectangular lattice.

As a stabilizing oxide the material contains oxide, selected from the
group of oxides of yttrium, cerium, magnesium, calcium.

It is expediently, if the material contains chromoforous ions such as
rare-earth cations and polyvalent cations of transition metals, selected from
the group: cobalt, titan, chrome, aluminium, vanadium, manganese, iron,
nickel, neodymium, lantern, praseodymium, cerium, samarium, europium,
gadolinium, erbium, thulium, ytterbium and lutetium. These ions give the
material different colour.The amount of the chromoforous additives in the
material is not more than 5 mol%.
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neodym um d¢eridmn saptaahaadeuropium, gadolinium, erbium, thulium, ytterbium and
lutetium) in an amount of up to 5mol%.

As a rule to obtain the material, oxides of the metals containing not
more than 10 ? % of admixtures are used.

It is preferably to effect annealing of the obtained material at
temperature of 600-1400°C or at temperature of 1100-2000°C and pressure
lowered to 107 ~10"" mm mercury for 1-20 hours.

Above task is achieved by the cutting instruments which are
produced of the polycrystalline material, consisting of crystallites of
partially stabilized zirconium dioxide of tetragonal modification and having
a needle or plate shape, a height of not more than 0.05 mm, ration of the
height to the maximum cross section not less than 2:1, the crystallites
arrange parallel to their long axes and form rectangular lattice.

4. Brief description of the drawings.

In fig. 1 there is a photo of the claimed material structure. The photo
is made by the petrographical polarization microscope at
1000-multiple magnification.

In fig. 2 there is the diagram of the equipment used for realizing the
method of obtaining the polycrystalline material.
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/10 D exp h K I
100 2.95 1 1 |
27 2.57 0 0 2
42 2.55 2 0 0
77 1.812 2 0 2
33 1.803 2 2 0
14 1.554 1 1 3
25 1.542 3 1 1
8 1.480 2 2 2
7 1.275 4 0 0
16 1.177 3 1 3

It is ascertained that the claimed material has homogeneous,
monophase structure without any surface cracks. Under the microscope
numerous cuts of the material, made in all directions give the picture of
rectangular lattice, as it is shown in fig.1. Such structure of the material
ensures surface resistance to strain of compression and conditions
resistance to development and spreading of the destroying cracks. As a final
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© e containe To ef?E ¢t the meth otb obt%mmg the claimed material the
equipment, which diagrams are shown in fig. 2 and fig. 3, is used.
The construction consists of the container, formed by base (1), being
a semicylinder with vertical lateral walls (2) with a height of
0.5-1 of the cylinder diameter and side walls (3), and container lid (4).
Container base (1) with the vertical walls (2), side walls (3) and lid (4) are
made of the set of cooling tubes and/or sections (1) fixed on the non-
conductor base (5). The container is placed within quartz envelope (6)
while the side walls are covered from outside with fluoroplastic plate (7).
Base(1) and lid (4) are capable move on guides (8) along the container base
relatively to each other. Around the quartz container envelope an inductor
(9) of high-frequency (HF) generator is installed. The container is
connected with
mechanism (11), providing horizontal moving of the container relative to
inductor (9). The container and the inductor are placed into hermetic case
(12), which is connected through regulating valve (13) to vacuum pump
(14). Cooling water is supplied to the tubes through system (15) in
directions N and withdrawn in directions M.
Making the setting available to move the container in horizontal
direction relatively to the inductor, and also cooling of the container from
all the sides allow to grow polycrystalline material with the claimed
structure and a volume of up to 1500 cmi.
The method is effected by the following way. The charge (16),
consisting of ZrO., stabilizing oxide, metal, which stabilizing oxide
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speed of 0. }7.3Q ;A& Lﬂ;)uCO atmospheric for not less than 24 hours. Then the
container is opened by moving the lid (4) on the guides (8).
polycrystalline plate with a thickness of not less than 50 mm and a surface,
counting 50-70% of the melt square in the container grows on the container
base surface.

As a stabilizing oxide there is loaded into the charge an oxide,
selected from the group of oxides of yttrium, cerium, magnesium, calcium.
Amount of the oxide is determined by necessity of obtaining stabilized
tetragonal modification. For every oxide the amount is different. For
example, for yttrium oxide the amount is 2-4 mol%, for cerium oxide it is
6-13 mol% and for magnesium oxide — 4-8 mol%.

The repeated melting of the material at a speed of not more than
100 mm per hour after cooling it to 1300-1400°C increases homogeneity
and regulating of the claimed material structure.

To obtain a coloured metal colouring chromoforous cation of the
metal, selected from the group of transition or rare-earth elements (cobalt,
titan, chrome, aluminium, vanadium, manganese, iron, nickel, neodymium,
lantan, praseodymium, cerium, samarium, europium, gadolinium, erbium



The speed of passing the nelting zone should ensure honbgeneity and
nonophase of the obtained material. As arule it is in the known range of
0.1-10 nmm per hour. After that external cooling is kept and the power of
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eur opi um QMnCQ'dFEraERSB thul i um ytter bi um and | ut eti um, is put into
the charge 1n a | % ulrther anneal i ng of the obtained
material at tenp ‘étn&‘?%ogflségwt 6E13£? lowing exemplest 1100- 2000C and
pressure Iovvered to 10-4 -10-'mmnercury for 1-20 hours | eads to reduction
of internal strains in the material, increasing its strength. The clai nmed
met hod ensures Qﬁgh h?nﬁgeneity of the obtained material, stability of its

phase conpositi sures the clained structure of the material.
Besi des, the methodealigaitbe method! thersettispaphidi diagrenparaskownysn 41g.i2 e
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t he cl ai mnecheighs,.ofi 90 irim ﬁﬁd%@nﬂ'c@lﬁrfd@edlahf&er of 150 mm. 30 g of metallic
zirconium is put into the charge, and 2 g of Y-O: is added to save the molar
ration. The lid (4) is put on the container, HF generator (10) is switched on,
the initial melting is obtained, and then gradually all charge is melted by
moving the container in horizontal direction relatively to the inductor at
speed of 100 mm per hour. After the charge is melted, the melt is held for 8
hours. Then through the regulating valve (13) the vacuum pump (14) is
connected up, discharging of 300 mm mercury is achieved, and the
container is moved in return direction at speed of 1 mm per hour. There is
the process of substance crystallization. Then by decreasing inductor power
the container is cooled to 1300°C at speed of 50° per hour. The
HF generator (10) is switched off and the pressure is increased gradually to
room temperature for 24 hours. Then the container is opened. A crystalline
plate with thickness of 55 mm and surface square of 260 cml (1430 cmi)
forms on the horizontal surface of the container base.
The plate represents a polycrystalline material, consisting of
tetragonal crystallites of zirconium dioxide. Under the microscope at




¢l ai mred honogeneity and structure of the material, its nonophase and
absence of cracks. The nethod is illustrated by the foll ow ng exanpl es.
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13 MPa/ml (determined by method of chevron cut) and 12 MPa/ml (by
method of ball pressing).

The plates thickness is 50 mm, surface square is 260 cml.

Example 3.

For synthesis the charge, containing 26.58 kg (90.0 mol%) of ZrO:
and 2.95 kg (10.0 mol%) of CeQ: is used. To promote the initial melting
30 g of metallic zirconium is put and to compensate metal oxide, formed
during oxidation process, 4.5 g of CeO. is added. Melting and
crystallization process is carried out as it is described in example 1, with
the exception, that the initially formed melt is held for 5 hours before the
process of crystallization. And after cooling the melt to temperature of
1300°C the repeated melting at speed of inductor moving of 100 mm per
hour and crystallization at speed of 2.5 mm per hour are carried out.

A plate of partially stabilized polycrystalline monophase zirconium
dioxide, having no defects, forms. Its thickness is 60 mm and surface
square is 255 cml. This plate has break strength of 16 MPa/ml (determined
by method of chevron cut) and 15 MPa/ml (by method of ball pressing).

Example 4.

For synthesis the charge, containing 29.60 kg (87.5 mol%) of ZrQ.,
3.40 kg (10.0 mol%) of CeO:. and 0.85 kg (2.5 mol%) of Er:O; is use
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cl ai med natdrnadndligdravding wheels with a grain of abrasive — 20.0 um at the ﬁrst

stage and (1.0-2.0) um at the last stage. To get blade surface with a higher
cleanness the wheels can be ground with diamond pastes with an abrasive
of (0.5-1.0) um.

Further on standard moulds half-finished products for blades of
different types are cut out of a ground plate of an arbitrary shape with the
help of a laser setting. Then the profile of the cutting edge of the blade is
formed by a diamond sharpening instrument according to the field of use
(shaving, complex with double angle of sharpening, with a slope on one
side, etc.). the final stage of sharpening of the cutting edge of the blade is
effected by a diamond sharpening instrument with a grain of 0.6 to 1.0 um
on the precision sharpening equipment. Control of sharpness of the blade
cutting edge by a radioelectronic microscope showed that the diameter of
rounding of the cutting edge was not more than 0.1um, and some separate
samples had 0.05 um.

The scalpel, shown on fig. 5-7 consists of the blade A with the
cutting edge B and the blade holder C. The blade A with the cutting edge B
are produced of the claimed material. The blade holder C is produ
steel. The blade A is attached to the holder C by gluing.
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to produce cutting edges of different instrunents, for exanple nedica

scal pel s of a necessary size for surgical operations, and also articles,
used in conditions of increased | oads. Bl ades, produced of the clained

mat eri al have higher_wear-durability and insure working resources up to 60
operations on derfdB fig.s&u@dhersiarne o typesnof shhanpening of the dlades, twiseneea
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stage of shemapemalng of the cutting edge of the blade is effected by a

di anond sharpening instrunent with a grain of 0.6 to 1.0 m on the

preci si on sharpeni ng equi prent. Control of sharpness of the blade cutting
edge by a radioel ectronic mcroscope showed that the dianeter of rounding
of the cutting edge was not nore than 0.1m and sone separate sanples had
0.05 m The scal pel, shown on fig. 5-7 consists of the blade A with the
cutting edge B and the bl ade holder C. The blade A with the cutting edge B
are produced of the clainmed material. The bl ade holder Cis produ steel.
The blade Ais attached to the holder C by gluing. 11 On fig. 8, 9 there
are two types of sharpening of the bl ades, where a - thickness of the

bl ade equal to (0.4-0.5) mm b - dianeter of rounding of the cutting edge
of the blade equal to (0.05-0.1) gm 6 - angle of sharpening equal to
(251)'; B - angle of sharpening equal to (401). On fig. 10-13 there are
photos of the articles - nedical scalpels of different profiles with

bl ades, produced of the clainmed material. Production of the blades, made of
the clained material allows to
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I ncrease working resources of the instrunents. So use of the proposed
techni cal achievenents allows to obtain the material based on tetragona
nodi fication of partially stabilized zirconium dioxide by the clainmed

met hod. Thi g, naterial has higher resistance to the beginning of cracking,
hi gher mearaﬁ%g%%ility and break strength. And it insures higher |ongevity
and wear-durability of the products nade of this material. This
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6. Method of gdondotiexs thmhex halirswi th structure as defined by clai m 1,

conpri si ng 60?\qgﬂﬂ)c9fofgpﬁﬂﬁ{cgﬁ% rﬁgﬂ&laﬁtm g{rual{rgonéé"'@]g%é' gﬁ

stabilizing oxi I.nt ont ai ner

further cryst&OMBASiNgn! %ﬁﬂfﬁv@ﬁ@ Eg?ﬁgﬁa RONSIHARG | ezgrcealvfrne iOﬁI‘d @t%ﬂd at a
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not |ess thanSB PN SIS (C28 én gQatainer to temperature o

1300-1400°C, is notable for. the process is carried out by moving

container in horizontal direction relatively to the inductor, the melt is
held for not less than 3 hours before crystallization process,
crystallization and cooling of the container to temperature of 1300-
1400°C are effected at pressure, lowered to 200-300 mm mercury, and
cooling lower than 1400°C is effected by gradual increase of pressure
for not less than 24 hours.

7. Method as defined by claim 6, is notable for: zirconium dioxide is used
as a powder and/or crystalline waste products.

8. Method as defined by claim 6, is notable for: oxide of a metal, selected
from the group of oxides of yttrium, cerium, magnesium, calcium, is
added into the charge as a stabilizing oxide.

9. Method as defined by claim 6, is notable for: oxide of a metal-
chromofore, selected from the group of transition and/or rare-earth
elements, is added into the charge in amount of up to 5mol%.

10.Method as defined by claim 6, is notable for: after cooling container to
temperature of 1300-1400°C, the repeated melting at a passing speed of
not more than 100 mm per hour is carried out.

11.Method as defined by claim 6, is notable for: the formed materighis




crystallization and cooling of the container to tenperature of 1300- 1400C
are effected at pressure, lowered to 200-300 mm nercury, and cooling | ower
than 1400C is effected by gradual increase of pressure for not |ess than
24 hours. 7. Method as defined by cla ,_1s notable for: zirconium
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and/ or rar estahilired elreoriura,diosidedded into the charge in amount of up to
5nol % 10. Method as defined by claim6, is notable for: after cooling
container to tenperature of 1300-1400C, the repeated nelting at a passing
speed of not nore than 100 mm per hour is carried out. 11. Method as
defined by claim®6, is notable for: the formed materi subject to annealing
at tenperature of 600-1400C and atnbs 13 pressure or at tenperature of
1100- 2000C and pressure | ower than 10-1 mmnercury for 1-20 hours. 12.

Bl ade based on partially stabilized zirconiumdioxide is notable for: the
material with the structure specified in claiml, is used as the partially
stabilized zirconiumdioxide. This translation from Russian into English
was done by nme, Dem denko El ena Anatolievna, the certified translator,

di pl om of hi gher education BBC Ns 0052236 given after the graduation from
Far Eastern State University, faculty of (<Philology)), qualification of
phil ol ogi st, teacher of the English | anguage and foreign literature. The

di pl om was given on 6.06.96, registration nunmber No. 1859. The 2nd of April
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