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METHOD FOR QUALIFICATION OF CEMENTATION PROCESSES

AND ITS APPLICATION TO A VIBRATION MIXER

R. Vicente, B.M.Rzyski, A.A. Suarez

ABSTRACT

In this paper the definition of homogeneity is discussed and methods to measure the "degree of heterogeneity"

of waste forms are proposed. These measurements are important as aids for mixing process qualification, and at tools

•n quality assurance procedures and in the development of waste management standards.

Homogeneity is a basic quality requirement for wave forms to be accepted in final disposal sites. It do not

depend on the matrix of immobilization, rather it is one mean ic qualification of the immobilization process.

The proposed methods were applied to a vibration assisted mixing process and has proved to be an useful mean

to iudge process improvements.

There are many conceivable methods to evaluate homogeneity of waste forms. Some wve.e selected as screening

tests aiming at quickly reaching a promising set of process variables. Others were selected to evaluate the degree of

excellence of the process in respect to product quality. These envisaged methods were: visual inspection, the use of

cement dye as tracer, scanning of radioactive tracers, and measurements of variations of density, water absorption,

porosity and mechanical strength across the waste form sample.

The process variables were: waste cement and mater-cement ratios, mixer geometry, mixing time and vibration

intensity Some of the apparatus details were changed during the experimental work in order to improve product

quality

Experimental methods and results were statistically analysed and compared with data obtained from samples

prepared with a planetary paddle mixer, which were adopted as the homogeneity standard.

INTRODUCTION

The objective of cementation is to convert radioactive waste into a homogeneous stable

monolithic form, which minimizes the probability of radionuclide release to the environment during

interim storage, transportation and final disposal. The solidified waste leaving the immobilization plant

should be of such chemical, mechanical, thermal and radiolytic stability that its integrity can be assured

over the time required for the decay of the contained radionuclides to an acceptable level. To attain such

characteristics in a long term a property which is prerequisite for all of them is the homogeneity.

Usually this property is not considered, except for a qualitative statement where there is gross

phase separation. Specially in the setting up of receipts for waste immobilization in laboratory scale the

homogeneity condition is assumed without objection. However, in the scale up of the immobilization

process this condition is mandatory.

In laboratory scale procedures emphasis is given to the necessity of well homogenize th« mixture
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in order to obtain an uniform and reproducible product. In counterpart this is not always done in the
process itself. It is assumed that the process will delivers a homogeneous product and a simple visual
inspection is enough to assure it.

In some few cases compressive tests are realized in samples taken from the real size product.
However none reliable statistical test is usually applied to them.

In this paper is discussed the necessity of apply a complete set of tests before the homogeneity
property be attributed to the waste form.

Statistical evaluation of the experimental data arising from the tests has to be made in order
that the decision about homogeneity be objective.

This criterion has been applied to a vibration mixing process and shows be useful in order to
improve the convergence of process variables as well to qualify it.

QUALIFICATION OF AN IMMOBILIZATION PROCESS

When developing a process to immobilize nuclear wastes a doubt occurs: What are the criteria

to be applied to the waste form and what the process envisaged has to fulfil ?

In spite of the fact that a long list of properties are recognized have to be met by the waste form

only few of them are required by national or international organizations.

Usually they are only: low leachability, long-term chemical stability, mechanical strength,

radiation resistance and low water content.

More than this rather tew organizations venture to give numbers to the established criteria

leaving for the waste manager the charge of develop a "reasonable" waste form product for

afterwards fix the rules.

Precise definitions of terms as well as definitive descriptions of the tests to be applied should

be available in order that uniform standards and criteria for judging the adequacy of immobilized

low and intermediate-level waste forms be practiced.

Large difference of opinion exists concerning the relative importance of the properties

considered desirable in immobilized waste forms. Anyway it is generally agreed that the main objective

of the waste form is to retain the radioactive nuclides for long periods to ensure that the radioactivity

has decayed to acceptable levels before reach the environment. How to arrive to such condition is

function of several circurm ances. The requirements and constraints imposed by the storage facility and

disposal site can influence the choice of type and composition of the waste form. Many physical,

chemical, physico-chemical and radiological properties have to be considered in order to attain such ideal

waste form. As is not possible to satisfy all constrains at the same time or to achieve all the specified

tests a small group of properties is required to be fulfilled.

The selection of that group of properties has to be made carefully in order that each selected

property stands for a class of correlate properties. For instance, it is well known that the porosity

affects mechanical strength as well the leacii rate. No matter which property be considered it has to be

uniform along the waste form. The criterion used to consider a waste form as homogeneous in terms

of a given property i* described in other paper of this seminar 111.
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The selected group of properties have to be measured along the waste form following statistical

criteria and afterwards analysed properly. Once those statistical criteria be satisfied the waste form can

be considered homogeneous with regard to the selected properties. However, this is not enough. It must

be necessary to establish the range of values for those properties in order that the waste be acceptable

for a given waste management operation.

To fulfil these requirements is necessary to promote wider and frequent exchange of

informations in order to foster the establishment of uniform standards and acceptance criteria for waste

forms.

The laboratory scale test are used only to characterize the matrix product and not the process

itself. For that purpose samples should be taken from the real or simulated waste form in order to measure

the group of properties selected. The sampling have to be statisticaly valid and must show an uniform

distribution along the waste form otherwise the immobilization process cannot be qualified.

HOW TO QUALIFY THE VIBRATION PROCESS?

The vibration process is been proposed because it shows some attractive characteristics such

as the cleanliness of the mixing process that reduces the external surface contamination of the container

and of the inner side of the cementation cell. In this process the cement and waste 10 be immobilized

are placed in the container, covered and put to vibrate in an apparatus as described in another paper

presented in this seminar'2). Two kinds of containers are being assayed: one with 3.6 L and other with

20 L capacity.

Because the process is still in development and because the matrix samples produced are of real

size type the chemical homogeneity investigation was adopted to verify if the process is on a good way

of development. The chemical homogeneity criterion is also used because it is known that if the mixture

of cement and waste is chemicaly homogeneous the other physical, chemical and physico-chemical

properties have more chance of to be homogeneous. During the initial steps of development a cement

dye was used as a tracer indicating the eventual improvements obtained in the process due to some

applied modifications.

Figure 1 shows the results of a mixture vibrated using only cement dye as tracer in the early

stage of the process development. Some parameters as rotation speed, vibration frequency, intensity, etc

were varied resulting in a mixture which can be considered homogeneous by visual inspection.

As a second homogeneity test it was used uranium and thorium compound as tracers

following the technique described elsewhere11'. It is possible to observe in figure 2 that the results are

not yet satisfactory. Adjustments in the vibrator machine must be made. Other modifications will be

applied to the container where baffle will be introduced to promote better mixture of the components

using a combined effect of rotation and vibration.

Water absorption and pore volume was also determined and a heterogeneity of the mixture it

observed between the top and the bottom of the vibrated samples. Table I shows the results obtained

with paddle mixer and the vibration process.
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Figurt 1 - Mixturt of cament and camant dye by vibrated process
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Figure 2 - Normalized concentration dinribution along trie sample matrix which contains (a) Uranium
and (b) Thorium tracers for paddle mixer and vibrator mixing processes.
* 5 = slice average; fr = standard deviation; Õ - full matrix average.
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Table

Comparison between samples processed by paddle mixer and vibrator.

Mixing
process

Paddle

Vibrator

Water absorption

(mass %)

16.10 Í 0.01

15.96 t 0.16

18.97 + 0.11

15.09 i 0.21

Pore volume

(%)

30.15 ± 0.05

30.05 + 0.10

32.42 + 0.28

27.84 + 0 28

Observations

on the top

on the bottom

on the top

Oil the bottom
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