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The influence of leucosapphire tubes growing conditions (grades of molybdenum used
for form-builders; raw materials brands; rates of growing; designs of form-builders and a
growing tube shielding) on strength of the insulators made of the tubes have been studied.
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1. Introduction

One of the basic constructive elements of
modern electric vacuum devices is a metal-
ceramic unit consisting of a ceramic insula-
tor and two metal cuffs, compatible by fac-
tors of thermal expansion. A metal-ceramic
unit (MCU) usually operates under extreme
conditions and it is exposed to repeated
thermocyclic loadings. Application of leu-
cosapphire as an insulator material is an
important reserve of increase in the MCU
reliability.

As it is known, leucosapphire crystals
strength is defined by their structure, pres-
ence of pores (bubbles) and impurities, re-
sidual stresses; and strength and thermal
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stability of the products made of leucosap-
phire also depend on grade and quality of
mechanical-diamond treatment and elimina-
tion of the stresses occurring at the treat-
ment. In spite of the fact that profiled leu-
cosapphire single crystals have successfully
been grown for more than 30 years, a prob-
lem on crystallization conditions influence
on mechanical properties of the profiled leu-
cosapphire has been studied insufficiently,
and the obtained results have a fragmen-
tary nature.

In [1] a growing atmosphere influence on
a dislocation structure, pores density and
distribution, and also the profiled leucosap-
phire crack resistance was studied concern-
ing the tubes of 40 mm in a diameter.
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The article [2] shows an ultimate
strength dependence on the grown crystal
length using leucosapphire samples grown
as rods of 8x8 mm?2 in cross-section. It was
found out that the strength was reduced by
the crystal length due to blockiness develop-
ment, and it is a rather clear conclusion.

The results of investigations into leucos-
apphire application for fabrication of pres-
suring assemblies are given in [3] and [4]:

— The obtained dependence of the
flexural ultimate strength of samples-small
bars made of leucosapphire of 3 mm in di-
ameter and 20 mm in length on a growing
rate indicates that the growing rate has a
considerable effect on the crystals strength.

— Leucosapphire strength (samples-small
bars) is by (2—2.5 times) more than strength
of polycrystal sintered aluminum oxide in
the temperatures range of 20°C up to
1700°C.

Based on the analysis of the references
we can make a conclusion that the data ob-
tained at the investigations into the pro-
filed leucosapphire crystals strength cannot
be applied directly for this paper theme
since the strength of the samples as rods or
small bars was studied. Practically there are
no investigations of dependence of the insu-
lators themselves on conditions and modes
of profiled leucosapphire crystals growth.

The following problems were set in this
paper:

— direct investigations in the insulators
strength in dependence on parameters of the
tubes — blanks which were used for these
insulators fabrication;

— specifying of the technological tubes
parameters which are the most important by
their influence on the insulators strength;

— the tubes with the outer diameter of
16.6 mm, inner diameter of 7.5 mm and
length of 150 mm were grown under
Stepanov method for fabrication of the in-
sulators with an outer diameter of 14.5_
0.1 mm, inner diameter of 9.5 ,7; mm, and
length of 15 3 ; mm. The tubes were grown
using a specialized plant of SZVN with a
resistive heating and a graphite thermal
zone.

Rod seed crystals with a crystallographic
orientation [0001]t1° were used for reduc-
ing in the deviation of a geometric tube axis
from a crystallographic direction [0001] and
for reducing in disorientation in the tube
blockiness occurring in the process of grow-
ing. The seed crystals were made of leucos-
apphire crystals grown under Kiropulos
method.
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Obtaining of the given tubes sizes was
provided by the mode stabilization, for ex-
ample, the outer tube diameter was grown
with accuracy of —0.3 mm.

A process of the tubes fabrication from
the insulators included the following con-
secutive operation:

— Tubes annealing in vacuum at a tem-
perature of 1850°C for 4 h;

— Cutting of the areas of the tube pro-
liferation and tearing; grinding and polish-
ing of the tube ends with the following con-
trol and rejection;

— Marking and cutting into the blanks
with a length of 18 mm;

— Diamond polishing of the insulators
blanks;

— Control of the fabricated insulators;

— Annealing of the conditioned insula-
tors under the same mode that was used at
the tubes annealing (refer to abovemen-
tioned);

— After the final control the insulators
are sent to the direct strength testing.

For the purpose of investigation of an
influence of the parameters and conditions
of the tubes-blanks growth on the insulators
strength, the special measures were taken
in order that mechanical diamond treatment
to be maximally identical both from batch
to batch, and from insulator to insulator;
the treatment quality was carefully control-
led; the modes and the treatment operations
sequence were strictly observed; the treat-
ment was made until a roughness value
reached R, = 0.04.

Proceeding from experience of FSUE
"SRI SIA "LUCH" on growing of the tubes
made of leucosapphire for insulators fabri-
cation, the following parameters were se-
lected as basic parameters of growing which
had influence on the insulators strength:

— Brand of molybdenum from which
form-builders (final devices for obtaining of
leucosapphire profiles as tubes) are made;

— Initial raw material brand;

— Growing rate;

— Form-builder shielding and growing
tube designs.

Besides the mentioned parameters, the
other technological parameters of leucosap-
phire tubes growing are available such as
brand of thermal zone graphite; brand of
argon in which atmosphere the tubes are
grown; modes of the obtained tubes anneal-
ing; design of working edges of a form-
builder, and also other parameters less es-
sential in our opinion, but due to high
labor-intensiveness of the investigations
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carried out, study of these parameters was
not planned in this paper.

Substantiations for selection of the basic
abovementioned parameters to be studied
are given thereinafter.

Molybdenum used for fabrication of the
form-builders and a crucible is in a constant
contact with aluminum oxide melt at a tem-
perature above 2054°C (melting temperature
of aluminum oxide). The molybdenum and
impurities contained in it make the melt
dirty, and then when getting to the crystal,
they break a crystal lattice and promote in-
crease in blocks formation of the growing
tubes that leads to decrease in strength.

The initial raw material of aluminum
oxide also contains impurities which can re-
duce strength and thermal stability [5] due
to increased amount of pores and the crys-
tal structure breakage. Increase in the
growing rate more than the certain limit
leads to increase in capture of the impuri-
ties and pores from the melt, increase in
blocks formation that also reduces the
strength. A design of the form-builder
shielding and growing tube defines the re-
sidual stresses and blocks amount in it, and
it has a direct effect on the strength and
thermal stability.

During every process of the tubes grow-
ing one crystallization parameter was varied
while the other parameters remained con-
stant. For all of the growing wvariants the
following parameters were constant: a cruci-
ble, argon pressure, conditions of seeding
and tubes proliferation, modes of heating
and raw materials melting.

2. Investigations results

Strength of the fabricated insulators at
loading by an internal pressure was chosen
as a criterion of the grown tubes quality. A
set of rubber bushings placed within the
insulator was used as a working medium
transferring pressure from the testing de-
vice to the internal insulator surface. In
this case a deformation mode is realized in
the insulator, which is similar to the ten-
sion oriented perpendicularly to the insula-
tor axis.

The strength value was calculated by
equation [6]:

o = P(RZ + r2)/(R% - r?), (1)

where R and r are outer and inner insulator
radiuses, P is a destroying internal pressure
in the insulator.

A device for the insulators testing under
loading by the internal pressure is shown
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Fig. 1. Scheme of a device for the mechanical
strength tubes testing under loading by inter-
nal pressure: 1 — a tube (insulator), 2 —
rubber bushings, 3 and 4 — puncheons, 5 —
a polyethylene bag, 6 — a gasket.

schematically in Fig. 1. The internal pres-
sure is realized by an axial compression of
the rubber bushings set which is tightly in-
serted into insulator 1. The compression is
made by two puncheons forming a reverser.
One of them is rod-shaped 3. Prior to the
device assembling, the rubber bushings,
gaskets 6 and the tested insulator are put
on it in sequence. The second puncheon 4 is
made as a shell ring in which the first pun-
cheon is placed in the completed form. Prior
the tests, a gap between the rubber bush-
ings set and internal insulator surface is
removed by pressing a special nut (not
shown in the figure). Then the puncheons
are fixed in gripping devices of the univer-
sal testing machine 1958-U-2. The device
was loading with a rate of 10 kg/s after
setting "0" of the loading gauges and the
testing machine deformation. For gathering
of the destroyed insulation pieces after the
tests, the latter was put into a polyethylene.

A strength measurement error was 1 %.

The following variants of growth were
studied.

1) Molybdenum brand: a) MCH (pure mo-
lybdenum);

b) MCHVP (pure molybdenum after vac-
uum melting);

¢) Single crystal (was grown at FSUE
"SRI SIA "LUCH").

In accordance with data of a certification
organization — Ancerteko, LLC — the least
content of impurities was in the molybde-
num single crystal, the most was in molyb-
denum of a MCH brand.
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Table 1. Influence of form-builder material brand on insulators strength

Form-builder material MCHVP, MCHVP, Single crystal, MCH,
brand batches 4 and 5 all batches batches 6 and 7 batches 1
o, MPa 422436 358+48 395+46 476119

2) Initial raw material brand: a) SPEK
(Ametist, LLC, Russia);

b) Non-standard (Chezh Republic);

¢) RCA (France);

d) Pressed and sintered powder pellets
(China)

e) HDPA (balls of 0.2 mm in a diameter),
USA.

The least content of impurities (accord-
ing to the data of certification organization
— Ancerteko, LLC, Moscow) was in the
Non-standard raw materials, then in the
pressed pellets, RCA, SPEK and HDPA
((balls of 0.2 mm in a diameter).

3) A rate of growing, mm/min: 0.5; 0.8;
1.0; and 1.2 (RCA raw materials); 0.5; 1.0
(SPEK raw materials).

4) A shielding design: a) A vertical cylin-
drical shield;

b) 2 vertical cylindrical shields.

The tests results under a “standard
mode” were used as basis ones for compari-
son in influence of growing process parame-
ters on the insulators strength: the molyb-
denum brand of a form-builder — MCHVP,
initial raw material — RCA, growing rate
— 0.8 mm/min, shields number — 2.

Not less than 3 processes of the tubes
growing were conducted under every vari-
ant of the conditions; and 15—18 insulators
were fabricated in total.

The results of the study of influence of
the form-builder material brand on the in-
sulators strength are given in Table 1.

The insulators from batches 1 and 2 (the
form-builder was made of molybdenum of
MCH brand, RCA raw material) showed a
maximal strength value — 476 MPa — ac-
cording to the statistical Student’s crite-
rion. Also one can make a conclusion that

application of molybdenum of MCH and
MCHVP brands gives very similar results.

Probably, impurities or one of them con-
tained in molybdenum of MCH brand and
entering a growing tube during a crystal-
lization process lead to occurrence of a re-
sidual stresses field (not completely re-
moved at annealing) in the tube, which pro-
vides increase in strength under the
internal pressure. This fact does not mean
that such a phenomenon will remain at
other kinds of the deformation mode.

Application of the molybdenum single
crystal — the purest of all the used molyb-
denum brands — does not lead to increase
in the strength. It indirectly indicates that
impurities getting the melt from the form-
builder do not have an appreciable influence
on the insulators strength and even can in-
crease it (within the range of the batches
studied). Probably, aluminum oxide melt
can be doped with a certain impurity.

The results of the study in influence of
an initial raw material brand on insulators
strength are given in Table 2.

The influence of the initial raw material
brand on the insulators strength are mainly
determined by a chemical composition of the
raw materials and impurities getting to the
product (tube) from the melt. As a whole,
the impurities influence on strength of the
insulators made of leucosapphire is not defi-
nite. They can lead both to reduction in the
strength and its increase in dependence on a
dissolution type (substation or penetration
into the Al,Og3 lattice), a relation of an im-
purity atom size and Al,Oj interatomic dis-
tance, impurity concentration, etc.

The obtained results show that both the
purest raw material (Non-standard) and the

Table 2. Influence of raw material brand on insulators strength

Initial raw mate- SPEK Non-standard RCA Pressed pellets | HPDA, (balls
rial brand, Al,O4 of 0.2 mm in
diameter)
o, MPa 378121 337142 390+28 348438 261+11
Table 3. Influence of growing crystals rate on insulators strength
Rate of grow- 0.5 0.8 1.0 1.2
ing, mm/min
o, MPa 371125 379121 343144 317+17
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Table 4. Influence of form-builders shields
number on insulators strength

Shields number 1 2

o, MPa 342144 380+21

"dirtiest” (balls of 0.2 mm in diameter)
have the lowest value of strength, and the
raw material with an average content of
impurities (RCA and SPEK) gives the maxi-
mal value of the insulators strength. There-
fore a conclusion on a possibility of the
growing tubes doping can be made for in-
creasing their strength.

Study of influence of specific kinds of
impurities, for example Ti, Si, Fe, etc on
the strength is sure of interest, however,
this task was not set in the paper due to a
large volume of investigations. Such work
is planned to be done in the future. The
results of study on influence of the growing
crystals rate on the insulators strength are
given in Table 3.

The influence of the growing rate on the
insulators strength are mainly determined
by a possibility of the impurities capture
from the melt, and also by a level of the
residual stresses occurring within the crys-
tal at crystallization. Since at the profiled
crystals growing the impurities capture is a
constant value within the range of the
growing rates used by us, the residual
stresses play the main role: the more grow-
ing rate the more level of the residual
stresses. It can be seen from the Table that
an optimal growing rate is 0.5-
0.8 mm/min. It should be noted that there
is the specific optimal growing rate for
every individual product.

Influence of the form-builders shields
number on the insulators strength is shown
in Table 4.

The form-builders shields number affects
the insulators strength due to dependence
of the crystal quality (namely, a tube) on
uniformity of the temperature field at its
crystallization.

Grmax /Cmin

1.6
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1.2
1
0.8 I i r I
0.6
0.4
0.2
0
Type of Type of Amount Rate of
molybdenum  raw material of screens growth

Fig. 2. Influence of technological parameters
of growing leucosapphire tubes on insulators
strength.

As it was supposed, increase in the tem-
perature field uniformity and reductions in
temperature gradients at application of 2
shields provide increase in the insulators
strength.

In the studied range of the technological
parameters of growing leucosapphire tubes
the basic factors influencing the strength
value are quality of the initial raw materi-
als and the brand of molybdenum which the
form-builder is made of (refer to Fig. 2 and
Table 5), where o,,,, and c,,;, are the maxi-
mal and minimal average strength values of
the batches of the insulators grown under
the stated conditions, for example, from
HPDA and RCA raw materials, in this case
all the rest conditions were "standard”, re-
lation 6,,,,/0,,i, shows how variation of the
given growing conditions influences the
strength variation.

3. Conclusion

The strength of leucosapphire tube insu-
lators was studied in dependence on the
technological parameters of growth of the
tubes which they are made of. It was ascer-
tained that brands of the initial raw materi-
als and molybdenum used for the form-
builders fabrication had a determining in-
fluence on the insulators strength.

Table 5. Summary table for estimation of influence of technological parameters of growing

leucosapphire tubes on insulators strength

Parameter G in» MPa O axs MPa G max/ Omin
Brand of molybdenum for form-builder | 358 (MCHVP, all batches) 476 (MCH) 1.33
Brand of initial raw material 261 (HPDA) 390 (RCA) 1.49
Shields number 342 (1) 380 (2) 1.11
Growing rate, mm/min 317 (1.2) 379 (0.8) 1.19
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The obtained data on the optimal techno-
logical growth parameters were used at
growing tubes for insulators fabrication.
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