
CN9700943

THE FUNDAMENTALS OF THE RADIATION THERMAL
TECHNOLOGY FOR CEMENT PRODUCTION

Abramson I.G., Kapralova R.M., Nikiforov Yu.V.
Institute Giprocement, 199053, St.Petersburg, Russia

Egorov G. B.,
Ingeneering Economic Academy, 191002, St.Petersburg, Russia

Vaisman A.F.,
Institute of Nuclear Physic, 630090, Novosibirsk, Russia

ABSTRACT

The fundamentals of principally new radiation thermal way
of cement production are presented. The peculiarities of
qualities and structure of clinker obtained by this way are
given. The technical economic advantages of the new technology
are shown.

INTRODUCTION

Radiation thermal (RT) way of obtaining cement clinker,
based on the usage of the powerful beams of accelerated electrons
as the source of energy have been suggested in the 70th (1) .
Despite the far-off perspectives of industrial realization
(mainly due to the insufficient power of the recent accelerators
and relatively high prime cost of generated energy) the
development of cement technology on the base of RT way was
stimulated by energetic and ecological situation and by the need
in the intensification of cement production. At present the
fundamentals of RT way technology is possible to consider as
already developed. Among the number of electrotechnological
methods RT is one of the most effective as it provides
practically unlimited concentration of energy, introduction it
into the bulk of material ( on the depth of the electron range)
and as a consequence the heating of the raw material to the
temperatures of clinker formation in a seconds in the conditions
closed to the adiabatic.

EXPERIMENTAL PART

At the initial laboratory stage of work on the accelerators
up to 20 kw the kinetic properties of RT clinker formation and
the main interrelations between chemicomineralogical composition
and the structure of the clinker, energetic parameters of the
clinker formation process and the quality of the cement, obtained
have been studied(2,3).

For the further improvement of RT technology of cement and
other energy capacity products an experimental device on the base
of industrial accelerator ELB-6 with a power of electron beam up
to lOOkWt (4) and the energy of electrons up to 1.5 MeV has been
put into operation in Novosibirsk. Accelerator alongside with the
emission of electron beam through the foil has a system of
concentrated emission through the aperture of a small diameter
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very perspective for the high temperature processes.
A number of constructions of radiation thermal apparatus

(RTA) of clinker obtaining in a beam of electrons have been
tested on this device. Conveyor schemes with the translocation
of material perpendicular to the linear transverse beam do not
provide the uniformity of the clinker and demand surplus (on 50%
and more) energy expenses. The shaft-conveyor and particular
shaft types of RTA proved to be significantly more effective.
They provide the translocation of material particles from the
surface into the depth of the radiation zone and in result
obtaining a product more uniform in properties with minimal
energy costs. Applied to shaft apparatus the questions of uniform
distribution of raw flow and electrons along the surface of
radiation zone, the interaction of chemically active clinker
obtained with elements of RTA is excluded. The generation of
ozone is practically eliminated. The systems of formation of
radiation fields of rectangular type, providing the coefficient
of beam power use about 80% in space were established.

RESULTS AND DISCUSSION

To the number of main results of the laboratory stage of
work should be refereed the discovery of the effect of radiation
(superthermal) activation of solid phase interaction in the
process of clinker formation which alongside with the realization
of known advantages of rapid burning sharply intensifies the
process in a whole.

Experimental data obtained in the investigations of chemico-
technological interrelations of RT clinker formation on the
apparatus of shaft type coincide in the main with the conclusions
made earlier (1-3) on the laboratory stage (see fig. ). It was
confirmed that from the viewpoints of even changes of size the
safe limit of free lime content in RT clinkers comprise 3.0-3.5%.
At the same time in burning in the kiln the clinker with the free
CaO content = 1.7% have not stand the test on the even changes
of size. Clinkers with the free CaO content up to 2.5 -3.0% have
as a rule high strength parameters (45-59 MPa after 28-day
hardening). Comparative study of strength parameters of clinkers
obtained from one and the same raw mixture in the rotary kiln and
RT way and containing close values of free CaO have shown
significantly higher activity of the latter on all timings of
hardening (on 5-15 MPa) than the activity of clinkers from the
rotary kiln.

The phenomenon of overradiation which was found out in the
laboratory experiments and is characterized by the decrease of
RT clinkers activity with the occurrence on the microsections
fused zones with large acicular alite crystals 200 /*m and more
takes place in clinkers obtained in the shaft type. However the
decrease of activity is observed when significant part of the
microsection space has the structure of fused clinker and maximum
size of alite crystals attain 700 jum and above. Sometimes the
indication of alite decomposition and its solution in the
intermediate substance and secondary belite is fixed.

The dependence of clinker activity from the free lime
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content has an extreme character and the maximum of activity is
observed in dependence from the power of the dose absorbed in the
different content of free CaO. The observed decrease of activity
with the free CaO =1.8% ( for the dose P= 60 kGy/s) correlates
properly with the petrography data according to which these
samples have all signs of clinker overradiation.

The relationship of RT clinkers activity obtained on the
experimental device and their alite content is linear and -rather
strong for clinkers without signs of overradiation. With the
increase of alite content the activity of these clinkers on all
timings of hardening increase on 10-20 MPa. With overradiation
which has a negative effect as on energetic and strength
parameters the influence of chemicomineralogical composition on
the clinker activity sharply decreases.

Investigations on the sequence and way of mineral formation
in radiation of raw mixtures do not revealed any significant
anomalies in the mineralogical composition of clinkers and
intermediate products in comparison with traditional thermal
burning. The difference can be seen only in the kinetic of these
processes which is stipulated by the different heating rates.
With high intensities of radiation and corresponding rates of
heating the RT clinker formation processes shift to the more high
temperatures. Particular distinctly the temperature shift is
observed with the rates of heating over 50 K/sec, though this
shift in the conditions of radiation-thermal processing is
smaller than in the analogous change of heating rate in the case
of rapid thermal burning. Exposure of material under maximal
temperature after completion of radiation practically always
promote more complete proceeding of clinker formation processes.
From the other hand rapid cooling of clinker after indicated
exposure totally remove such unpleasant phenomenon as alite
decomposition.

Conditions of rapid heating of raw mixture by the electrons
beam with following (during several minutes) exposure of material
under high temperature and then fast cooling of clinker after its
grinding most effectively are realized in the RT apparatus of
shaft type.

The results of investigations of chemico-technological
interrelations and process and succession of mineral formation
in RT synthesis of cement clinker allowed to choose the most
rational scheme of sintering process which gives the possibility
of more full proceeding of all clinker formation reactions and
obtaining of optimal crystalline structure and hydraulic
activity. From the viewpoint of productivity increase of RT
apparatus it is better to use more high power values of absorbed
doses. This, however, can lead to the not uniform sintering
processes. The way out is in the definite exposure of material
at the final temperature of the processes which could compensate
unfavorable aftermaths of the too fast heating. For the
optimization of technological process it is necessary to find
rational correlation between the rate of material heating and
time of isothermal exposure which would allow with the maximal
productivity to get good quality clinkers. The temps of heating
in the shaft RTA are determined by the density of beam current
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(and with the given full current by the square of shaft
section) .The time of exposure at the maximal temperature is
determined by the height of clinker block forming in the shaft
(to be more precise - by the distance from the surface of the
radiation zone to the rolls of mill) . The rate of clinker cooling
in the block is not high, this is provided by the cementation of
the material at the high temperatures and only after grinding in
the mill the rate of coaling increase in many times. This prevent
decomposition of the main mineral of the clinker - alite which
takes place at the slow cooling.

CONCLUSIONS

The basic advantages of the radiation technology are as
follows:
- no need for natural organic fuel for production purposes;
- improvement of strength quality and special properties of
cement ;
- significant reduction in dust and harmful matter emission to
the atmosphere;
-essential reduction of the dimensions and metal content of the
production units due to the hundredfold rise in the clinkering
rate;

the possibility of getting the valuable by-product-high
concentration C02.

Despite all indicated advantages in the economic relation
radiation technology of common cement forms would become
competitive to the modern dry method of production there and then
where and when the share of conventional electric power plants
appear to be less than 50% of the general electric energy balance
of the country. That is why it is expedient the first
experimental-industrial technological lines to orient on the
production of expensive special kinds of cement by radiation
method.

From the ecological point of view the radiation technology
and today if it was worked out in the industrial conditions would
be out of competition. It should be kept in mind that every year
demands of environment protection to the industrial production
would increase and correspondingly would increase expenses spend
on the environmental protection means and therefore prime cost
of the product increase. One of the global problems - the
struggle with the hotbed effect, caused by the increasing
production of carbonic gas. In result the objective tendencies
towards curb of introduction new conventional electric power
plants and propellant capacious productions.

These factors can call for the radiation technology as
inevitable alternative to the classical one in the coming XXI
century.

The existence of unique electrophysical equipment and
universal qualities of accelerator as a source of energy allowed
to conduct on the experimental device a wide spectrum of works
on the obtaining nonorganic materials and thermal processing of
metals. The perspective of usage of electron beams for the
fulfillment of high temperature synthesis of ceramic compounds,
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abrasive, special glasses, catalysts and so on have been shown
in experiments. Economically effective production of complex
oxide materials which are the base for the obtaining ceramic
with unique characteristics was organized on the experimental
device.

One of the perspective directions is the usage of radiation
thermal processes for the obtaining particular fireproof,
electrotechnical and a number of other kinds of cement for the
synthesis of which it is necessary more high temperatures than
in obtaining the common portland cement and higher demands are
placed to the purity of the product.

The development of radiation thermal method of cement
clinker obtaining gave start to the outgrowth of a new effective
area of high temperature nonorganic technology, allowing to
obtain diverse materials which is difficult to synthesize by the
other methods.
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