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RESEARCH AND APPLIED NEUTRON GENERATORS
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Efremov Research Institute of Electrical and Physical Apparatus
189631, Leningrad, USSR

The neutron generators with a peutron yizld
2-5x10'' n/s for neutron-activation analysis and the
ones with a neutron yield 10'? n/s and more, aimed
mainly for researches are designed and manufactured
in  Efremov Institute (NIIEFA). The generators
are zquippsd with thz 2lectromagn=tic mass-separators
to exclude  the molacular components  from the bzam.
The hydrogen fons beam with the current up to 100 mA
at energies 250-300 k=av iz obtainsd on  the
experimental accalerator,

Large =ffortsz made to design powsrful neuteon
generators are sxplained mainly by the gre=at demand
for intensivz nsutron fluxes to investigate radiation
resistance of fusion reactor materials and to carry
out researches  in the nzutron physics, Of special
interest ars neutron gensrators op=2ratig both in
continuous and pulsse regimes. QUite a number of
researches, =uch as measurzments of microscopic
cross-sections and integrs zxperiments  at  small
interaction cross-sactions, may bz carried out with
their help, The devzlopment of activation analyszis is
under way, where the application of intansive nsutron
fluxes allows to increase the sensitivity and accuracy
of methods.

Generators with a neutron yizld 1-%5x10°''n/s, which
may be applizd for neutron-activation analysis, and
the ones with a neutron yisld 10'? n/s and more,
intended mainly for scientific rasearches, are
designed and manufactured in NITEFA over a long period
of time. After putting the genzrators with a rotating
target, which provided a yizld of 10'? n/s, in
opzration (Ref. 1)}, the works on geznzration and
shaping of the bzams of atomic deuteirium icns with a
few tens of milliamps were continuad.

A number of jon sourc:s of duoplasmatron type to
generatzs a deuterium ion bzam with a currant of § ma,
30 mA and 100 mA has been designed for neutron
generators. A duoplasmatron remains onz of the most
commonly used sources in nsutron geperators mainly
due to its high gaseous efficizncy and, besides, it
provides high fraction of atomic ions. It i3 achizved
by generating high discharge density in the fisld of
the emission hole, this in its turn results in the
development of an ancde block composed of tungsten
and copper with effective cooling. Thé content of
atomic componant in the designed sources amounts to
60% at a beam current of 5 mA and 70% at a2 beam
current of more than 20 mA.

One of the main problem whilzs designing a high
current duoplasmatron is beam shaping with parametars
suitable for further acceleration and transport to
the target.

In the result of numerical and experimental
studies the parameters of extraction region ware
optimized and the data for optimization calculations
for ion-optical system of accelerators were obtained.

An ion-optical system for generation of a beam
with a crossover at a distance up to 2 m from an
accelzration tube while changing the beam current in
3 wide range, was designed while applying as the main
focusing =lament the lzns formed by an acceleration
tube inlzt and a focusing =lactrode with regulated
potentiatl,

The acce=leration tubs with the ion source of the
high-current accelerator, whers a bzam of hydrogen
ions with a current up to 100 mA has been gensrated
at 250-30C kaV =pergy, is shown in Fig. t (Raf. 2).

Fig. 1. The accelzration tub= with the fon source
{~cathode; 2-anode; 3-expansion cup;
4-extracting electrode; S-focusing
electrode; 6-acczlerating =lectrode;
?T-hias 2Yactiron trap

Elzctrode configuration and potential distribution
ovzr electrodss were selzctad by am optimization
computing program. Fig. 2 shows ion beam envelopes
calculated at different wvalues of beam current and
pctential on the focusing zlectrode.
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Fig. 2. Beam envelopes in the acceleration tube
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A number of acceleration tubes for different beam
parameters has been designed for neutron generators.
These tubes structurelly differ in dimensions and the
way of potential distribution in the accelerating gap.
They are 3lued from porcelain insulators and
stainless steel disks, on which the electrodes of the
jon-optic system are installed. Now we begin using in
the generators the acceleration tubes mad= by the
method of thermal-diffusion welding.

one of the most complicatad and critical urit of
an intensive generator of 0-T neutrons is the target

operate with a more powerful ion beam. Differential
purping provides uniform pressing of the seal ring and
reduces the leakage into the target assenbly.

The experimental works carried out allowed to
design a nurber of generators with yield of
10''-10'2n/s (Ref.3). A1l generators are provided with
magnetic mass-separators of an accelerated ion beam to
increase considerably the 1life time of titanium-
tritium targets. The highvacuum pumping generator
systems are designed on the basis of titanium sputter-
ion pumps.

A

Fig. 3. The principal sch=ms of NGP-11 generator
1-tank; 2-ion source; 3-acceleration tubz; 4-vacuum pump;
5-mass-separator; 6-quadrupols lzns; 7-beamstopper: 8-targst

assembly. To operate with a bzam of various powsr four
modifications of target assenbliez were designad. Two
of them are meant for operation in generators with
yield up to 2x10''n/s and 5x10''n/s, respsctively. Th=
titanium-tritium targets 45 mm and 90 mm in diameter
are displaced in a circular manner relative to an
jon beam by a bellows drive. Th= bellows provides
raliable tightness of the device, but limits the spzed
of circular displacamant of the targst ( down to 100
rpm) .

The targst assembly with a rotating target S0 mm
in diameter runs during several years in the generator
with a yield of 10'® n/s, providing the operating
thermal regime of the target at a rotation speed of
1000 rpm. But comparatively small ar=a of the active
layer of the target does not provide long-term
operation of the generator at high neutron yield. The
target assembly with targets 230 mm in diameter,
rotating with a speed uwp to 1000 rpm permits to
considerably increase the duration of continuous
generator operation and to provide the possibility to

The MNGF-11 neutron gen=rators, its principal
scheme is shown in Fig. 3, has a neutron yield of
2x10"" n/s with the half-1if= time of the target about
100 hours.

The genzrator accelerator permits to obtain atomic
jons beam up to 2 mA on the targat at an fon energy of
150 keV. The ion source and acceleration tube are in
the tank, fillad by an insulating gas. High voltage
and supply to the ion source are delivered by a
multicore high-voltags cabls from the closed blocks
filled with condenser oil. The isolation of high-
voltage accelerator structure from the anvironment
allows to provide morz rzliable accelerator operation.
At present modified generator is being designed,
which will provide 3 nsutron yield of 5x10'' n/s and
where a high-voltage supply and power supply systems
of the ion source are placed together with the
acc=leration tubs in one tank.

The NG-12 neutron generator, the accelerator of
which has undergonz complex tests, is desiagnsd for a
neutron yield of 1-2x10°% n/f5.
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The power supply systems of the ion source are
located in the high-voltage terminal. The source
parameters are controlled by optic fibre communication
channels. High-voltage supply is located near the
high-voltage terminal. Mass-separation of a beam is
performed by the electromagnet with a bending angle of
45 . A bzam is focused on the target by the doublet of
=lectromagnetic quadrupole lenses. It is possible to
band a@ beam in three directions if we equip the
generator with additional transport systems with
targst assemblizs. The target 230 mm in diameter has
a circular active layer 200 mm in the outer and 100 mm
in th: inper diameter. Eesides rotary motion of the
target the forward motion relative to a beam is
providad for tetter usage of the active layer.

The zquipment for pulse regime of the generator
op=ration, which will bs installed in one of the
transport channels, is being designed. The system of
beam interruption with the following bunching will
parmit to genzrats neutron pulses with a duration up

Fig. 4. Thz general view of the NG-12 accslsrator te t ns, thus =znlarging the field of generator

applications.

The high-voltage accelzrator structurs iz of an Furthsr works on neutron generators aim also at
open design. Supply voltage to the Jon sourcs i3 an increase in the neutron output in the continuous
delivered by a high-voltaze cable. The high-voltags ragime.
rectifiar and power supply unit of the ion scurce ars
installad in metal tanks with oil insulation.
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Fig. 5. The principal scheme of the NG-12-1 generator
1-ion source; 2-high-voltage tzrminal; 3-acceleration tube; 4-high-voltage source;
5-isclation transformer; 6-stabilizing divider; 7-vacuum chamber; 8-vacuum valve;
9-mass-separator; 10-quadrupole leons; ft-beamstopper; 12-target assebly
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