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Àbstract

Usage properties of powder mixtures like flowability and floodability depend strongly on their granular characteristics: size, shape, surface and spread of particle size. The products used are mixtures elaborated from two micron sized powders, made of synthetic minerals. Their particle size distributions are each initially mono-modal, respectively 5 mm and 70 mm. The mixture elaboration procedure consists in making several successive combined stages of co-grinding, mixing and surface treatment by addition of surfactants. We obtain thus several mixtures M having different rheological behaviours and particle size distributions-ascertained on a electron i beam microscope. The results permitted in understanding the influence of the granular macrostructure and the effect of a surface treatment on a powder's rheological behaviour.

Introduction

The principal aim of the study is to link the parameters of a combination of co-grinding, mixing and surface treatment with the particle size distribution and floodability of the resulting powders. Floodability is defined as the study of movement of a powder when it passes from the state of repose to the state of movement or inversely-all that under stress. Floodability corresponds to the angle of w x difference described by Carr 1 . In fact powder solids have specific properties which control their behaviours Ž . flowability, agglomeration . . . at the moment of use Ž . Ž compaction, dosage, etc. or ulterior handling storage, . transport . . . . These properties depend strongly on their particle size distribution: size and size spread, shape, surface. We propose to study the influence of their parameters on the rheological behaviour of powders and to connect the granular macrostructure to flowability, compressibility and floodability. The products used are mixtures made by Ž mixing from two micron-sized powders Aluminium Fluo-. ride P and Aluminium hydroxide P , made of synthetic 1 2
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the ratio P rP s 1.9. Their particle size distributions are mm. The mixing procedure consists in making several successive combinations of co-grinding, mixing and surface treatment by addition of surfactants. These surfactants are two polyols A and B, organic molecules, in which we vary two parameters: concentration by weight-from 0% Ž . to 5%-and carbon chain length Fig. 1 . The chain of surfactant B is longer than the chain of surfactant A. They both allow modifying the chemical nature of the mineral w x surface 2,3 . We thus obtain several mixtures M having i different rheological behaviours and particle size analyses ascertained on a electron beam microscope.

Procedures for obtaining powders

The objective is to obtain from a mixture of two powders P and P having different sizes, a powder which 1 2 is homogeneous in both mixing and size. The procedure consists of several mixing stages followed by a co-grind-Ž . w x ing of both powder and surfactant Fig. 1 4 . Our objecw x tive will be to prepare homogeneous mixtures 5 and to check their granular macrostructure with the intention of improving flowability and decreasing the risks of agglomeration through addition of surfactants.

Stages 1 and 2 permit surface treatment and mixing.

To carry out stage 2, we used a 'Draiss Eirich' mixer. It allows introducing the surfactants dry and obtaining a good distribution throughout the powder and homogenisaw x tion of the mixture 6 . The different mixing stages allowed us to treat the particle surfaces using different concentrations of surfactants.

For stage 3, we used a ball-mill which had the advantages of doing the grinding and the mixing at the same, the aim being to achieve a homogeneous mixture by reduction of size. Finally, we used a sampler in order to obtain regular mixing.

Experimental techniques

The rheology of the mixtures was evaluated with a Ž .w x powder characteristics tester Hosokawa 1 :

-The compressibility is measured from apparent aerated and apparent packed densities.

-The flowability is determined by the measurement of angle of repose and angle of fall.

-The floodability is obtained from the difference between the angles of repose and of fall.

Ž . Fig. 2. Principle of measurement of compressibility % .

Measurement of compressibility

Compressibility is a function of the difference between apparent aerated density and the apparent packed density. The experiment consists in filling a recipient of volume V with powder through a vibrating filter and weighing the result M . After that, we compact the powder by means of 

Measurement of angle of repose

The angle of repose is the angle between the horizontal and slope of the heap. This angle is a direct indication of Ž the potential flowability of a powder contact and friction . between particles in motion . The powder flows out from w x Ž . the end of a vibrating funnel 4 Fig. 3 .

Measurement of angle of fall

When the angle of repose of the powder becomes constant, we drop a weight on the table to one side of the heap, to give a shock to the pan. We repeat this three times. The powder heap collapses, yielding a smaller angle Ž . Fig. 3. Principle of measurement of angle of repose 8 . 

Flowability and floodability

The floodability is obtained from the difference between the angle of repose a and of fall a X . The floodability shows stability or instability of a powder and so the w x ease with which it flows under strain 7,8 . The greater difference between angles of repose and of fall, the greater the instability in the behaviour of the powder. The evolution of the floodability curve varies with the nature and concentration of the surfactant as in Fig. 5.

To try to understand these complex floodability patterns, we studied the parameters influencing the floodability of powders for example:

-particle size distribution -compressibility -cohesiÕeness of the powder, obtained by the measurement of the angle of repose -deformability of the powder under mechanical strain Ž . shocks , measured by the angle of fall.

Particle size distribution

Particle size distributions was determined using an electron beam microscope.

Without surface treatment, powders consist of different Ž populations, each with a large particle size spread d -d 90 10

. Ž . s 120 mm as shown on photograph Fig. 6 .

Without surface treatment, co-grinding is a process of division. particle size which is a consequence of the processes of division during co-grinding.

When we add surfactants, we observe a large reduction Ž . Ž 3 . 50% in apparent packed density ( 1 grcm , the minimum corresponding to a surfactant concentration of 0.5%. This reduction shows: on the one hand, the influence of surfactants both in reducing the spread in particle size Ž . obtained during co-grinding process of agglomeration and in reducing the strength of cohesion, linked to number Ž . of particles which are pseudo-spherical ; on the other hand, the packing of particles when we apply a mechanical strain.

Therefore, surfactants, which have polishing and lubricating effects on the surface of the particles considerably modify the apparent packed density values. Whatever the percentage and nature of surfactant A or B we obtain a non-compact compressible granular macrostructure reflecting the small spread in particle size and the existence of two populations.

The compressibility curve confirms these conclusions Ž . Fig. 10 .

Compressibility starts dropping for even small additions Ž of surfactant: surfactant B brings it down the most in-. fluence of the length of the carbon chain .

There exists a minimum where the compressibility is lowest when the concentration of surfactants is between 1 and 2%. Beyond that, values of compressibility seem to reach a plateau but stay below initial values.

These variations are explained by the reduction of particle size distribution and a better packing of particles using surfactants.

Study of the cohesiÕeness and deformability of the powder

Measures were made three times and the error percentage is 10%.

Angle of repose

Ž . We can observe two peaks on the graph in Fig. 11. a Ž . Values of the angle of repose were similar 508 and constant, with a slight drop whatever the nature of the surfactant. These high values show that the powder is Ž . cohesive. b The two angle of repose minima correspond to surfactant content of 2% for A and 1.5 for B whatever the nature of the surfactant. We have a diminution in cohesiveness.

Angle of fall

The high values of angle of fall show the powder without surface treatment deforms itself very little under Ž . stress Fig. 12 . That confirms the cohesiveness of the powder but also a stable arrangement of the particles, due to a large spread in particle size distribution.

However, for precise values of surfactant concentration, Ž . we observe a large drop in angle of repose 2% by weight for surfactant A and 1.5% for surfactant B. At this level, the surfactant permits a decrease in the cohesiveness and gives greater deformability of the granular macrostructure.

The result is a particle arrangement having little stability due to a narrow particle size distribution. Beyond these, the values stay stable but below initial values. 

Study of floodability

The study of floodability is very important because this a parameter which forecasts the behaviour of the powder when it is set in motion. Floodability is a function of the difference between angle of repose and angle of fall. We Ž . can explain the evolution of the floodability curve Fig. 5 Ž . Ž . by a complex combination of four factors: i Size, ii Ž . Ž . Compressibility, iii Cohesiveness, and iv Deformability.

These four factors are controlled by the same factors: population, size ratio, range of particle size. We can represent the system in such a way as the following. Ž . In zone I concentration -2% , the improvement in floodability is controlled by the large drop in compressibility, due to a reduction of particle size distribution and to a reduction in cohesion. When the surfactant concentration Ž increases, the powder becomes less and less cohesive the . angle of repose decreases but the angle of repose does not Ž alter under the action of strain the angle of fall is too . high . That explains a diminution of floodability in the range between 1.5%-2%.

In zone II, surfactant concentration ) 2%, floodability is controlled by the cohesiveness of the powder. In effect, when surfactant concentration becomes large, there are a Ž lot of fine particles which agglomerate increasing cohe-. siveness .

Surfactant B

The curve evolves in more complex fashion: improving w x w x between 0-0.5% , rising between 0.5-1.5% , rising between 1.5 and 5%.

In zone I, the evolution of floodability is the same as the one obtained with A. However, the concentration ranges in which floodability-0 to 0.5%-for the improvement and 0.5-1.5% for the drop. This difference is probably due to the length of the carbon chain.

In zone II, on the other hand, we have an increase in floodability because with surfactant B, we have a large Ž . quantity of fine particles effect of grinding but they do not agglomerate. In effect, the carbon chain is longer and Ž . so maintains the dispersion sterical effect . The synergy of these different effects thus leads to a floodability optimum for a concentration between 1.5 and 2%, depending on surfactant.

Conclusion

Floodability is a complex combination of compressibility cohesiveness and deformability of a powder. These factors depend on the nature and quantity of the surfactant used. This allows a reduction in spread of particle size, Ž homogenisation of sizes and shapes grinding and agglom-. eration , and a drop in cohesive strength. The result is a compromise between cohesion energy and granular macrostructure deformation-all controlled by the quantity of surfactant. The nature of surfactant also influences the rheology of the system. In effect, the length of the carbon chain plays different roles during grinding and flooding: in the former, it favours the production of large quantity of fine particles; in the latter, it can favour either agglomera-Ž . Ž . tion A or dispersion B . The grindingrflooding function becomes complex when carbon chain length increases.
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 1 Fig. 1. Manufacturing procedure.

  1 a compressive shock then add enough powder to restore the volume to what it was. We then weigh the result again, M . The apparent aerated density D is obtained by the 2 a ratio M rV. The apparent packed density D is M rV as
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 4 Fig. 4. Principle of measurement of angle of fall a X .

  Fig. 5. Evolution of difference in angle a-a X as function of concentration of additive A and B.

Fig. 8 .

 8 Fig. 8. Evolution of apparent packed and unpacked densities as a function of the concentration of surfactant A.
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 9 Fig. 9. Evolution of apparent packed and unpacked densities as a function of the concentration of surfactant B.
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 11 Fig. 11. Evolution of angles of repose as function of the concentration of surfactants A and B.
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 12 Fig. 12. Evolution of angle of fall as a function of the concentration of surfactants A and B.

  4.4.1. Surfactant AŽ . The curve presents two distinct parts: a Zone I: a w x function of improvement in floodability 0-1.5% , a func-wx Ž . tion of deterioration in floodability 1.5-2% ; b II: w x a function of floodability staying constant 2-5% .