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THE ELECTRON ACCELERATOR FOR TECHNOLOGICAL PURPOSES
WITH A SECONDARY-EMISSION ELECTRON SOURCE AS THE BASIS
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N.A. Dovbnya, S.D. Lavrinenko
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Results are reported from the studies on the electron beam parameters of the accelerator based on a secondary
emission source. The accelerator forms the electron beam with an electron energy of up to 100 keV, a current up to
110 A, a pulse duration between 10 and 20 pus with a repetition rate of 3 to 5 Hz, the power density on the target
surface being ~ 2 MW/cm?. Targets from various materials were exposed to radiation.

INTRODUCTION

Powerful electron beams present one of the efficient
methods for modifying surface properties of materials.
This is currently central for increasing the strength,
wear resistance and corrosion resistance of structural
reactor materials, for lengthening the service life of
reactor components, aircraft and car engines, for
removing spent coatings, etc. It has been demonstrated
in [1] that the following electron beam parameters are
optimum for material surface modification: electron
energy 50...150 keV, energy density 15...80 J/cm?
power density on the material surface under treatment
1...5 MW/cm?, pulse length 5...50 ps.

The reliability and service life of accelerating devices
are to a wide extent determined by the lifetime of the
electron source. In the accelerator under study, a
magnetron gun with cold secondary-emission cathodes
in crossed fields is used as an electron source. These
guns are simple in design, hold down emission after a
multiple letting-to-air, their service life may attain 100
000 hours. In the present work the parameters of the
electron beam on the target are investigated as functions
of magnetic-field amplitude and distribution.

THE EXPERIMENTAL FACILITY
AND RESEARCH TECHNIQUES

The electron accelerator (Fig. 1) comprises the
following main units: a HV pulse generator 1; an electron
source with a secondary-emission cathode 6 and anode 7
placed in a vacuum chamber 3; a solenoid 4, which
generates a longitudinal magnetic field, with a power
supply 5; a target device with a Faraday cup 8; a
computer-aided measuring system 9 to measure the beam
parameters.

To energize the electron source of the accelerator, it
is necessary to have a pulse generator providing voltage
pulses of great duration [2]. The voltage bump
amplitude ranges between 30...160 kV, the bump decay
duration is about 0.3 ps, the amplitude of the pulse flat-
top part makes about 20...100 kV, the pulse duration is
between 30 and 15 ps, and the pulse-recurrence rate is
3...5 Hz (Fig. 2).

The electron source is a coaxial system with a
secondary-emission cathode 6 in crossed fields. The

anode 7 is connected to the earth through the resistor
RS. The system has the following dimensions: the
cathode diameter is 40 mm, the inner diameter of the
anode is 78 mm, the lengths of the cathode and anode
are 85 and 140 mm, respectively. The cathode and the
anode are made from copper and stainless steel,
correspondingly. The electron source was placed in a
vacuum volume 3, where the pressure was measured to
be

~10 - Torr.
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Fig. 1. Accelerator circuit. 1 — pulse generator,
2 —insulator; 3 — vacuum chamber; 4 — solenoid;
5 — power supply of the solenoid; 6 — cathode;
7 —anode; 8 — Faraday cup; 9 — computer-aided meas-
uring system
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Fig. 2. Oscillograms of cathode voltage (U) and beam
current (I) pulses

The magnetic field for electron beam generation and
transport was created by the solenoid 4 consisting of 4
sections, which were energized by dc sources 5. The
amplitude and longitudinal distribution of the magnetic
field could be regulated by varying the current value in
the solenoid sections.
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The target device was arranged on the end part of the
stainless steel Faraday cup, which was cooled with water
and was at a distance of 100 mm from the gun. The cup
surface carried the fixed targets exposed to radiation.

The measurement data on the voltage pulse, the beam
current at the Faraday cup, the anode current and the
stability of their values were processed by a computer-
aided measuring system 9 [3]. The measurement error
makes 1...2%. The transverse beam size and the radial
beam-current distribution were determined with the use of
imprints on the targets made from different materials.

EXPERIMENTAL RESULTS
AND DISCUSSION

In the present experiments, the electron beam
parameters of the accelerator were investigated at a
cathode voltage between 20 and 100 kV.

The beam current from the Faraday cup was
investigated as a function of the magnetic field
distribution along the transport channel. Fig. 3 shows
the longitudinal magnetic field distributions along the
axis of the magnetron gun and the beam transport
channel to the Faraday. The same figure schematically
shows the layout of magnetron gun components and the
Faraday cup.

As demonstrated by the experiments, in the
decreasing magnetic fields (Fig. 3, curves 1 and 2) at a
cathode voltage of ~ 100 kV, the magnetron gun forms
the electron beam with a current of 110 A at a pulse
length of 15 ps, and the anode current makes about
0.3 % of the beam current. In the case of an increasing
magnetic field in the transport region (Fig. 3, curve 3,
when the magnetic field amplitude in the cathode region
remained practically the same), the beam current
decreased by 15...20%. Typical oscillograms of
cathode voltage pulses and of the beam current are
shown in Fig. 2.
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Fig. 3. Three cases of longitudinal magnetic field distri-
bution and the layout of components: A — anode;
K — cathode; FC — Faraday cup

It should be noted that the formation of the beam and
its parameters in falling magnetic fields with the same
diameter of the cathode but with a smaller diameter of the
anode (70 mm) were described in ref. [4]. From
thoseresults it follows that the optimum magnetic field
distribution for beam generation should fall from the
cathode to the Faraday cup. In this case, the beam current
is maximum, and the coefficient of azimuthal beam
inhomogeneity is minimum and makes K= 1,1. At a

cathode voltage of 50 kV a beam current of 50 A was
obtained, the power density on the target was
~0.6 MW/cm®. The beam size on the target was measured
to be 50 mm in outer diameter and 44 mm in inner
diameter.

The beam current to the Faraday cup was investigated
as a function of the cathode voltage in the falling magnetic
field. The function is found to obey the 3/2 law in the
voltage range between 20 and 110 kV. In this case, in the
process of measurements for each fixed voltage value there
was the optimum magnetic field value, at which the beam
current amplitude was maximum.

The width of electron beam generation zone in the
magnetic field AH (where AH = Huma- Hmin, Hmax and
Hmin being, respectively, the maximum and minimum
magnetic field values for the beam generation) was
measured at different cathode voltages and different
forms of magnetic field distribution. The measurement
results show that the generation zone width AH is
dependent on the form of the magnetic field
distribution. In the case of homogeneous or increasing-
towards-the-Faraday cup magnetic field, the zone width
is wider and is found to be within AH =400 ... 800 Oe,
while in the falling magnetic field we have
AH =200 ... 300 Oe. Experiments were made to obtain
the maximum parameters of the electron beam in the
falling magnetic field at a voltage amplitude of ~
100 kV. It is shown that the beam formation begins at a
magnetic field of ~1700 Oe at the cathode (Fig. 3, curve
1), and continues until the magnetic field amplitude
increases up to ~2000 Oeg, i.e., the beam generation zone
in the magnetic field makes AH ~ 300 Oe (Fig. 3,
curve 2), and the beam current reaches ~ 110 A. Note
that in this case the amplitude and shape of the beam
current pulse change but little (~ 2...3 %) at the
generation zone boundaries. A considerable beam
generation zone width AH is very important in the use
of the magnetron gun-based accelerator for
technological purposes as the accelerator is being tuned.

Measurements of the electron beam size were carried
out on targets made from different materials (aluminum,
copper, stainless steel). With a magnetic field strength of
~ 1500 Oe at the cathode and its rise towards the Faraday
cup up to 1750 Oe (that leads to a reduction in the beam
thickness) and at a cathode voltage of 75kV, the
magnetron gun forms an annular electron beam with a
current of ~ 60 A (power density on the target
~2 MW/cm?), the inner diameter being ~ 37 mm and a
wall thickness =~ 2 mm . As is seen from the figure, the
beam has a rather high azimuthal homogeneity, this being
in agreement with the results of ref. [4]. Beam imprint on
the target from different materials show on fig. 4.

BOAPOCHI ATOMHOM HAYKH 1 TEXHUKH. 2007. Ne 6.

Cepus: ®usrka pagualiOHHBIX TOBPEXKACHUN U paiMallioHHOe MaTepuanoseaeHue (91), c. 103-105.



Fig. 4. Beam imprint on the target from the different
materials

Fig. 5 shows the radial electron density distribution
of the beam in relative units (the plot was obtained from
computer-aided processing of the imprint in one of the
modes). It can be seen from the figure that the
homogeneity of the electron density makes = 17 %.

Targets made from different materials were exposed
to radiation. Among the materials, there were titanium
(Table) and tool steel (U12M, KhVG, Kh12N) having
the surface hardening property.
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Fig. 5. Radial electron density distribution of Beam

The irradiation of targets was performed under the
same conditions, in one experiment, with all 4
specimens fixed on the target device. It is obvious from
the table that approximately a two-fold increase in the
microhardness of steel takes place.

Results of Tests

Material | Electron Power Micro- Micro-
under energy, density hardness hardness
treatment keV on the before after
target, treatment, | treatment,
MW/cm® | kg/mm? kg/mm?
KhVG ~75 ~1.6 232 473
Ul2M ~75 ~1.6 232 550
Khi12N ~175 ~1.6 192 412
Titanium ~175 ~1.6 148 210
CONCLUSIONS

Thus, the investigations of the beam formed by the
electron accelerator with the magnetron gun as the basis
have resulted in attaining the maximum parameters, at
which the beam current on the target makes ~ 110 A, the
electron energy is ~ 100 keV at a pulse duration of
~15 ps. At these parameters, the specific beam power
reaches ~ 2 MW/cm?, this permitting the use of the
electron beam of the accelerator in technological
processes for modifying the material surfaces and for
conducting research investigations.
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JIEKTPOHHBIN YCKOPUTEJD JJIsI TEXHOJIOTMYECKHUX IEJEN
HA OCHOBE BTOPUYHOOMHUCCHOHHOI'O HCTOYHHUKA SJIEKTPOHOB

A.H. loB6Ha,B.B. 3akyTuH, H.I'. PelueTHsiKk, B.IM. Pomacko,U.A. YepTuwes, H.A. [loB6Hs, C.[1. JTaBpMHEHKO

MpuBeneHbl pe3ynbTaThl UCCNEA0BaHWS MapaMeTPOB 3IEKTPOHHOMO NyYKa YCKOPUTENS Ha OCHOBE BTOPUYHO-3MUCCMOHHOMO UCTOYHMKA.
YckopuTenb (GOpMUPYET 3MEKTPOHHBIA MYYOK C SHEpruei 3nekTpoHoB A0 100 k3B, ANMTENBHOCTHIO MMynbca 10...20 MKC € YacToTow

QGiefoBaHna

I"L4 M MIOTHOCTBLO MOLHOCTM Ha MULLIEHM 2 MBT/cM2. MNPOBEAEHO 06/TyHEHNE MULLIEHEN M3 PA3NINUHbIX MaTEPUATIOB.

EJIEKTPOHHHU IPUCKOPIOBAY JJSI TEXHOJJOTI'MYHIX I.IIJ'[EI71 HA BA3I BTOPUHHO-EMICCIMHOI'O
JIUKEPEJIA EJIEKTPOHIB
A.M. loé6nsn, B.B. 3akymin, M.I'. Pewiemnsx, B.Il. Pomacovko, I.A. Yepmiwes, H.A. /loeonsa, C./1. /lagpinenko

MpuBeneHi pe3ynbTaty AOCNIMHKEHHS NMApaMeTPiB ElIEKTPOHHOMO MyyKa MPUCKOPIOBaYa Ha OCHOBI BTOPUHHO-EMICCIMHOMO [pkepera.
MpuckoptoBay HOpMyE ENEKTPOHHMI MYYOK 3 eHeprielo enekTpoHiB Ao 100 keB, cTpyMoM o 110 A, TpuBanucTTio iMnynbca 10...20 MKC €
4acTOTO CiAYBaHHA 3...5 I, WiNbHICTIO MOTY)XHOCTI Ha MilueHi 2 MBT/cM2 MpoBeaeHO ONpPOMiHEHHS MiLLEHEV 3 Pi3HWX MaTepianis.
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