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I. Spray drying and its evolution

Spray drying is one of the most important drying processes used in various industrial sectors such as milk and dairy products, pharmaceutical and chemical products, detergents, etc. Science 1930, spray drying has been frequently used as milk drying technique. Today this technique has several evolutions due to the variety and complexity of the mixes to be dried and also depend on the final powder quality required by consumer. Spray drying involves atomizing the liquid into small droplets with a great exchange surface, which are put in contact with hot air flow in drying chamber. This contact can be achieved by different three modes: co-current, counter-current or mixed flow. Sprays are produced by a rotary, bi-fluid… nozzle sprayer.

In fact, in the simple tower the processing time (20 to 60s) is too short for achieving the equilibrium between the air humidity and the product one. So the air temperature remains high inducing a low thermal yield. Contrary, the two-stage dryer consists of coupling a final drying stage (in an external Vibro-Fluidizer) to the first spraying-drying one; product is therefore close to thermodynamic balance. This process allows user to reduce drying costs and improve the performance of units by transferring the most of drying from atomization to the fluidization until the wet product begins to stick the tower wall. In term of quality, it is well known that the functional and physical properties strongly depend on the Specific Surface Area. The smaller the SSA, the poorer the functional powder quality. As a first approximation, SSA is related to the average diameter value because of the compactness structure of each granule. However, when granule is too small, the behavior of powder (the fine) in terms of flow and functional properties becomes very bad. This point led us to produce an “alveoli new structure” of the granule highly improving its SSA. So, we define a three-stage spray-drying by inserting a DIC treatment between the atomizer and the final fluidized bed drying.

II. Characterization of dairy powders

A dairy powder is not only characterized by its chemical composition (proteins, fats, carbohydrates, minerals and water) but also by its microbiological content, physical properties (apparent bulk, tapped bulk, real densities and filling rate), functional properties (solubility, wettability and dispersibility), structural characteristics (specific surface area SSA and porosity), occluded air, interstitial air and particle size which form the fundamental elements of quality specifications.

III. Three stage DIC-Spray drying definition

In the present study, we present the new “Three stage Spray drying- DIC texturing” we defined by inserting the DIC (Instantaneous Controlled Pressure Drop) as a re-texturing stage after spray–drying stage and before the final drying which may be take place in an external Vibro-fluidizer.
III.1. “Instantaneous Controlled Pressure Drop” DIC Technology

Instantaneous Controlled Pressure-Drop DIC Technology is an operation of auto-vaporization capable to re-texture product. It consists in realizing an abrupt pressure drop towards a vacuum, following a stage of high steam pressure and high temperature. When we apply an adequate DIC treatment bringing the product with a pressure-drop speed (P/(t > 5bar.s-1 (ALLAF et al., 1993), we generally allow mending the structure loss and the product compactness (shrinkage phenomenon during drying). The more porous the structure, the greater the SSA. The kinetics and the level of temperature thus implied during the final drying stage should allow a better biochemical preservation of the final product.

III.2. Objective

In this paper, we’ll study spray drying coupled to the technology of Instantaneous Controlled pressure Drop (DIC) as a re-texturing stage between spraying and final drying, in order to improve SSA and functionality of final product.

We carried out experiments on skimmed milk “normal” powders by treating them by DIC after a re-wetting at different water content values according the experimental design; these values are close to those normally reached before final drying in a two stage spray-drying. We got the high pressure of DIC treatment by one of two ways: compressed air and water steam. In order to well study the three stage spray drying-DIC texturing process and its impact on the final powder quality, we carried out some powder characterization in term of physical, structural, hydration and technological properties.

We found that the powders after an adequate DIC treatment had larger SSA. Their size distribution is increased. DIC highly improves the final drying kinetics. Results we got show good properties of DIC powders in term of hydration (solubility, wettability and dispersibility). The higher the DIC pressure, the lower the apparent density and the higher the solubility, wettability and dispirsibility (according the type of DIC treatment). Therefore the DIC flexibility leads to highly mastered results.
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