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The vacuum unit is designed to anneal of samples of metals and alloys in a constant and alternating magnetic
field in the temperature range 20...880°C under high vacuum. Study of changes in the physical and mechanical
properties of structural materials due to magnetic fields exposure makes it possible to apply obtained results to
deepen understanding of the physical processes during magnetic-thermal treatments, as well as to develop methods

of directed change of properties.

INTRODUCTION

For investigation of the influence of constant and
alternating magnetic fields on the structure and
properties of different materials has been paid much
attention. Magnetoplastic effect is well-known in
magnetically ordered [1] and nonmagnetic materials [2].
The magnetic field has a significant impact on diffusive
processes [3], change of the structural state and
mechanical properties of the weld connections [4, 5],
deformed [6, 7] and radiation-exposed [8] steels.
Importance of understanding the physical processes
under the influence of magnetic fields on the
construction materials used in the experimental fusion
devices and accelerator technique [9]. The mechanisms
of influence of the alternating and impulsive fields on
the defects of lattice are actively studied [10]. In
researches of effects of influence of the magnetic fields
in area of high temperatures applied to construction
materials, which are actively co-operating with
atmospheric gases, good vacuum terms are needed. In
this connection we have designed and developed a
compact unit for annealing of metals and alloys in
magnetic fields in vacuum at temperatures from 20 °C
to 880 °C.

DESCRIPTION OF UNIT

Unit consists of a vacuum chamber with the
electrical resistivity furnace, electromagnet, systems of
pumping and power supply.

The chart of unit is presented on Fig. 1.

Annealing of samples is produced in a vacuum
chamber, consisting of two pieces - quartz retort with an
outward and internal diameter, respectively 51 and
47 mm and high of 500 mm, in which is located
annealing furnace; metal "cap" with split flange
connection and communications for pumping. A quartz
retort is connected with "cap" by vacuum rubber seal
which has forced cooling by water. In removable flange
are located the vacuumized electric inputs for power the
furnace, reading the measurments of the thermocouple
element and measuring of electrical resistivity of the
annealed samples. EMF of the thermocouple element
measured by nanovoltmeter, and electrical resistivity -
with a potentiometer method. Specific electrical
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resistivity of the samples was measured directly in the
process of annealing and after cooling at a room and
nitric temperatures. Total volume of a vacuum chamber
is approximately 1300 cm®,

Pumping of the operating volume on a high vacuum
can be carried out by two independent methods: by a oil
vapor diffusion pump or consistently working sorption
and mercury vapor diffusive pumps. Pressure of
remaining gases in the operating volume of the unit with
using the oil vapor pump is (5...7)-10" Torr with the
temperature of furnace 855 °C. In the case of pumping
the vacuum chamber with the consistently working
sorption and mercury vapor pumps pressure of
remaining gases is (4...6)-10° Torr. At annealing
chemically active metals, such as titan and zirconium,
and also their alloys, are used sorption and mercury
vapor pumps. As experiments showed, annealing of
these samples in a vacuum received with using of oil
vapor diffusion pump, can affect on results at measuring
of microhardness.

The heatimg element of furnace for annealing of the
samples is made of niobium wire and fastened by the
special clamps directly to massive current leads, which
supplying the furnace with power. A power supply is
stabilized, that allows to obtain a good temperature
control during time. Drift of the annealing temperature
at the temperature of furnace of 870 °C is within the
limits of +£2 °C per hour. The maximal temperature of
annealing obtained in the process of work is reached
887 °C. Sizes of internal (working) part of the furnace
are: diameter is 15 mm, height is 97 mm. Temperature
in the operated zone was measured by chromel-alumel
thermocouple element in a ceramic cover, which
together with samples is placed in the special quartz
ampoule.

In the process of annealing the samples can be
exposed to constant and alternating magnetic fields with
frequency 50 Hz. The field is created by an external
electromagnet, between the poles of which is located the
operating volume of the vacuum chamber with
annealing furnace (Fig. 1).
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Fig. 1. 1 — quartz retort; 2 — metal "cap™; 3 — oil vapor
diffusive pump; 4 — mercury vapor diffusive pump;
5 — sorption pump; 6 — forepump; 7 — annealing
furnace; 8 — current leads for power the furnace;
9 — clamps for fastening the furnaece;
10 — thermocouple element chromel-alumel;
11 — vacuumized measuring inputs; 12 — electromagnet;
13- quartz ampoule for samples; 14 — annealed
samples; 15 — vacuum valves

Maximal distance between poles is 52 mm.
Magnetic circuit (core) of electromagnet is assembled of
solenoid transformer steel thin plates and has a cross
section 84x32 mm. The magnet poles, in a sectional
plane parallel to the base, have the shape of an isosceles
trapezoid, the smaller base of which is directed towards
the center, and serve as hubs of the magnetic field in the
gap. The narrowed parts of poles have the appearance of
rectangle with sides 59x32 mm, that allows to create the
homogeneous magnetic field in space where the
annealed samples are located. The magnetic field
strength inside of the furnace in horizontal direction is
practically permanent, and on a vertical line on the
distance of 30 mm it changes on ~ 2.5%. Magnetic field
intensity was measured by the sensible sensor of Hall
with the size of working area 1x1.5 mm. Permanent of
the electromagnet in the center of gap is 0.0265 T/A.
The magnitude of the magnetic field during the
experiment ranged from 0.02 to 0.13T. The power
supply of magnet is carried out by the steady-state
source of current.

Change of the magnetic field intensity along a
central axial line in a gap between the poles of magnet
showed on Fig. 2. Magnetic field intensity in the center
of gap (in an area of the samples location) on ~ 17%
less than the intensity near the surface of the pole.
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Fig. 2. Chart of the intensity change of the magnetic-
field between poles in the gap of magnet

Fig. 3 shows the dependence of residual resistivity
from the annealing temperature of titanium alloy
samples VT6 in the initial state and deformed by the
way of quasihydroextrusion on ~20% and rolling on
~ 30% at the temperature of liquid nitrogen. A vacuum
chamber was pumped out by a oil vapor diffusion pump.
At the fixed annealing temperature samples were hold
during one hour in a vacuum not below 6-107 Torr
whereupon cooled down with speed, not exceeding 2.2
degree/hour. Remaining residual resistivity was
measured at T = 77 with a fourpoint method.
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Fig. 3. Dependence of remaining residual resistivity at

T=77 To of BT®6 alloy from the annealing temperature:

1 — initial state; 2 — quasihydroextrusion deformation;

3 —rolling deformation

Increase of remaining residual resistivity of samples
at the annealing temperatures of more than 500 °C could
be connected with absorption of remaining gases in a
vacuum chamber by the chemically active samples. In
this case, however, the increase would be approximately
identical for all samples. From Fig. 3 evidently that
relative increase p after annealing in the interval of
temperatures 500...800 °C maximal for the undeformed
sample and goes down in ~ 2 times for the deformed
samples, that can testify to different intensity of
structural changes.



In the process of work of the unit was investigated
influence  of  magnetothermal  treatment  on
electrophysical and mechanical properties of clean
Nickel and a-Ferrum and also on steel 15X2HM®A
depending on the degree of their low temperature
deformation. The results of these experiments will be
published later.
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BAKYYMHASA YCTAHOBKA VIS BBICOKOTEMIIEPATYPHOI'O OT/KUT'A
MATEPHUAJIOB B MAI'HUTHOM IIOJIE

H.b. boopoea, BM. I'opoamenxo, I1.A. Kyyenko, E.IO. Pockownasn, B.U. Cokonenko, A.A. Yynukoe

BakyymHas ycraHOBKa TNpeJHa3HaueHa JUIl OTXKHra OOpas3loB METAJUIOB M CIIABOB B IOCTOSIHHOM H
MEPEMEHHOM MAarHuTHBIX MOJsAX B TemreparypHoM uHTepBaje 20...880 °C u BblcOkOM Bakyyme. M3yueHue
BIMSHUS MAarHUTHBIX TOJeH Ha (QU3MKO-MEXaHWYECKHEe CBOWCTBA KOHCTPYKIMOHHBIX MaTepualioB IaeT
BO3MO>KHOCTb IIPUMEHSTh TIOJTyYSHHBIE PE3yIIbTaThl IS YTIyOJIeHUs IPeACTaBIeHNH 0 PU3NIECKHUX MpoIeccax Mpu
MarHUTOTEpPMUYECKOH 00paboTKe B PAa3IMYHBIX YCIOBHUSX, a TakkKe AT pa3pabdOTKH NPHEMOB HAIPaBICHHOTO

BO3JIEMCTBHS HA UX CBOMCTBA.

BAKYYMHA YCTAHOBKA JIUIA BUCOKOTEMIIEPATYPHOI'O BIAITAJIY
MATEPIAJIIB Y MATHITHOMY ITOJII

H.b. booposa, B.M. I'opoamenko, I1.A. Kyuenxo, €.10. Pockowna, B.1. Coxonenxo, A.O. Yynixoe

BakyymHa ycTaHOBKa NpH3HAu€Ha Ui BiAmamy 3pa3kiB MeTaliB 1 CIUIaBiB y MOCTIHHOMY 1 3MiHHOMY
Mar”iTHUX HOJAX y TemreparypHomy intepBaii 20...880 °C i1 Bucokomy Bakyymi. BuBueHHs 3MiHM (i3uKo-
MEXaHIYHUX BJIACTMBOCTEH KOHCTPYKLIHHMX MaTepiajiB BHACIHIJOK BIUIMBY MarHiTHHX IIOJIIB Ja€ MO>KJIMBICTBH
3aCTOCOBYBaTH OTPHMaHi pe3yJbTaTH JUIsl MOTJIMOJIEHHS YsBIEHb IO (Pi3HYHI NMPOIECH MPU MarHiTOTEpMidHiN
00poO011i B pi3HUX YMOBaX, a TAKOXK JUIsl pO3POOKH NPUHOMIB CIIPSIMOBAHOI 3MiHH BIIACTHBOCTEM.
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