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In the article the considered method of making of fuel pellets is from UO, without
connective. This method allows to make fuel pellets with enhanceable technico-operating by

descriptions.

Paccmorper Mmeros msroropieHus TolumBHBEIX Tabiaeror us UO, Ges casyomiero. dan-
HBIM MeTO]| II03BOJISAET U3rOTOBIATh TOIIMBHBIE TAGJETKY C IIOBBLINIEHHBIME TEXHUKO-9KCILIY-

aTaolMOHHBbIMH XapaKTEePHCTHUKAaMI.

HocaigsxeHHss ymOCKOHAJEHOro IIPpoleca BHUIOTOBJEHHS Ta0JeTOK 3 JiOKCHAY ypaHy.

M.I1.00¢iiuyr, C.A.Cipenro.

PosrmamyTu#t Merox BuroToBmenHa manmBHuX rabretrox 3 UO, Ges egmannmoro. Jammit
MeTOJl JO3BOJIA€ BUTOTOBJATU IMAAWUBHI TabJeTKU 3 MiABUIIEHUMU TEXHIKO-eKCIIyaTalifium-

MM XapaKTepUCTUKaMHU.

1. Introduction

Development of fuel elements on high-
burning and hence lengthening campaign in-
volves solving many problems. On the mod-
ern stage of nuclear energy development the
problem of improvement the technical and
operational characteristics is urgent for the
fuel elements based on pellets fuels. There-
fore much attention is given to improving
of preparation technology of UO, pellets.

Currently, uranium dioxide is the main
kind of nuclear fuel for nuclear power reac-
tors on the water. The scale of production
of uranium dioxide powder of low enrich-
ment and pellets on its basis is very large
and for the needs of Ukrainian Nuclear
Power Plants it requires about 100 million
pellets per year. In spite of such huge scale
of production all pellets must have practi-
cally identical or very little different from
each other operational characteristics [1].

Technological schemes of mass produc-
tion of pellets have been developed with
taking into account of the complex of severe
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requirements that follow from the condition
to ensure reliable operation of nuclear
power reactors and low cost of generated
electricity.

Pressing is the most important stage in
pellet preparation. In the process of press-
ing the main characteristics of the tablets
are following: form, geometric sizes,
strength, density and uniformity of its dis-
tribution over the whole volume of pellet.

Pressing process should provide:

— the required form of pellets;

— hard dimensional tolerances for the
diameter of the pellet (£0.01 mm) and for
its height (1.0 mm);

— required density and uniformity of its
distribution over the whole volume of pel-
let. According to the modern requirements
the density of pressings should be not less
than (66—-57) % TD and it scatter should be
no more than 1.5 % TD; the effort of pellet
fracture (strength) should be not less than
8.3 MPa.
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One of the most important charac-
teristics of fuel is density of sintered pel-
lets, the value of which depends from the
physicochemical properties of the original
uranium dioxide powders and from used
sintering processes of pellets.

In the last decade in many countries the
method of "dry"” pressing of the pellets has
being worked intensively [2]. For realization
of such method there are required the pow-
ders which are able to fill the press-mold
without additional impact. For today ura-
nium dioxide powders which obtained in
AUC (trikarbonatouranilat) and IDR (poli-
uranat ammonium)-processes best meet of
such requirements [3].

The process of the powder preparation
for pressing, in particular with the use of
liguid binders, is time-consuming and sig-
nificantly complicates the technology of pel-
let manufacturing. At present it is being
developed as a new way to obtain of nuclear
fuels and so improvement of existing tech-
nology [2].

In order to improve the press-ability of
the powder, reduce the pressing and eject-
ing forces and reduce the press tool wear
some binders and lubricant agents are used,
which in the form of solution or dry powder
are introduced into the charge before press-
ing or the working part of the press-molds
can be coated by the lubricant.

Pressing with binder and with lubricant
is made from UO, granulated powder and it
is the basic kind of fuel pellets formation,
developed in Russia.

When producing of pellets by pressing
with hard dimensional tolerances is neces-
sary to consider the effect of the elastic
aftereffect, which arises as a result of in-
ternal stresses. Especially it is important to
consider for diameter of pellets in connec-
tion with the small dimensional tolerances
on it.

In the process of pushing out of pellet
from the press-mold tensile longitudinal
stresses and compressive transverse stresses
are gradually removed, but additionally
shear stresses may occur. For example, in
the moment of releasing from the press-
mold, its upper part is released in the first
place and is experiencing the transverse ex-
pansion, while the rest of pellet is still in
press-mold, which may cause separation
(offset) of overpress part of pellet from
compressed part of pellet or may lead to
crack formation [4].

Pressing without binder — "dry" press-
ing — 1is carried out without introduction
330

into the charge any binders and lubricants.
For pressing without binder it is needed
UO, powder with half dendrite structure.
UO, powders, obtained by AUC-process,
have such structure and they are pressed
without additional pretreatment. Such pow-
ders are sufficiently technologic, because
they have good flow ability and high bulk
density. The powders, obtained by IDR-proc-
ess are also pressed without introduction of
binder, but with pretreatment — dry granu-
lation for enhance the fluidity.

In recent times pellet manufacturers pay
great attention on removing of sharp edges
of pellets. This is because the sharp edge in
manufacturing leads to an increased vyield
of defective goods under grinding operation
and under the overloading, because it is the
most vulnerable to chipping. When filling the
fuel element sharp edge may crumble and this
leads to discontinuity of the fuel rod.

Preparation of pellets without sharp edge
has a number of advantages: defective
goods for chipping and formation of chips
during outfit process and technological in-
teroperational transportation are reduced,
number of lockups pellets at removal of
cladding from the fuel elements are de-
creased. Bulk weight of powders by AUC-
process and IDR-process were respectively
2.6 g/cm3 and 2.7 g/cm3.

In our ongoing investigations the starting
material for the preparation of pellets was
UO, powder obtained by the ADU-process.

For pressing without binder presses with
automatic lubrication of press-molds were
developed. Lubricant on the basis of spindle
oil is applied to uniform layer to the sur-
face of punches and matrixes in order to
reduce ejection pressure and obtaining of
the quality compacts.

From discussed methods of manufacture
of pellets the most promising and less labor
intensive is method of manufacturing pel-
lets without binder by method of "dry”
pressing. The main advantage is reduction
of productive cycle of pellets manufactur-
ing. Such labor intensive and lengthy opera-
tions as the dosing of binder substances and
its mixing with the powder, drying and out-
gassing of pellets are excluded. Quality of
the finished tablets is improved (density is
increased, variation in the size of the outer
diameter is reduced, possible of grinding
operation is excepted, the carbon content is
reduced to 0.01 wt.%) [5].
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Fig. 1. The design of press-mold.

2. Experimental

Investigation on development of opera-
tions and regimes of oxide fuel fabrication
was carried out using of uranium dioxide
powder with size particle of (10-15) um.

Realization of the above requirements
for qualitative and quantitative parameters
of the fuel pellets from uranium dioxide is
difficult task, because the parameters of the
pellet has among themselves a certain rela-
tionship, and change of one of them leads to
change in another.

For performing of works on creation of
fuel with high technical characteristics the
complex of measures on the improvement of
the applied equipment was conducted. High
temperature press-molds from molybdenum
were designed and manufactured (Fig. 1).

The upper and lower punches are made
with cutouts under chamfer of the pellet.
UO, powder (without binder) was backfilled
into the press-mold in the free-backfill con-
dition. Pressing was carried out on the hy-
draulic press P6320. The pressing pressure
was 3000 kgf/cm2. After that pressed pel-
lets without removing together with press-
mold was passed on the sintering stage in
high-temperature furnace with a graphite
heater which was made on the basis of the
vacuum unit VUM-10. The sintering process

Fig. 2. Optical picture of uranium dioxide
surface.

was carried out in vacuum 13.3-10°2 Pa at
the temperature of 1750°C during 1 h.

3. Results and discussion

Compacted and final sintered UO, pellets
had flat, smooth without cracking and chip-
ping surface.

In serial production of UO, pellets by
compression in the molding forms it is very
important to obtain good reproducibility of
the density from the product to the prod-
uct, which manufactured at the same com-
paction pressure. For other characteristics
existing differences are insignificant
(Table).

Strength of the sintered pellets is greater
than the same values for the pellets manu-
factured according to the technology with a
binder using.

The characteristic structure of the sin-
tered pellets is presented in Fig. 2. The uni-
form structure is observed with visible in-
clusions and cracks with some share of
pores.

Conducted researches have shown that
the main characteristics of pellets prepared
by pressing without binder, not practically
differ from the properties of pellets ob-
tained by traditional technology. In the
80 years requirements on density for condi-
tional pellets were (10.6-10.8) g/cm3. At
present, in connection with the lengthening
of campaign and increasing of nuclear fuel

Table. Characteristics of UO, pellets of experimental batch fabricated without binder and with

using binder

Parameters

Density of the sintered pellets
Strength of sintered pellets

Pellet diameter shrinkage during sintering , %

Pressing without binder Pressing with binder
g/cm? 10.50
kg/cm? 30
15.56-16.5 14.8-15.2
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burn-up the requirements on density for
pellet fuel was reduced to (10.4-
10.6) g/cm3. As seen from Table the pellets
which prepared by the proposed method are
compliance with this requirement. To move
to the full-scale production of nuclear fuel
which produced by pressing without binder
will still require additional researches for
substantiating of its operability.

4. Conclusions

The sintered pellets fabricated by press-
ing without binder are corresponding to the
modern requirements for pellet fuel for nu-
clear reactor.

Preparation of the pellets from uranium
dioxide without binder significantly simpli-
fies of the technology without reducing
quality of the products: no need the opera-
tions for the binder removal.

Chemical purity is higher in the pellets
fabricated by pressing without binder than
the pellets which prepared by the tradi-

332

tional technology, due to lack of lubricants
reagent and binder additives.

Percentage of cracks formation is re-
duced due to the influence of the elastic
aftereffect arising as a result of the inter-
nal stresses action which arises in the pellet
ejection process from the press-mold.
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