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pray drying is a continuous, single-step unit operation that transforms a liquid feed 

solution, emulsion, or suspension into a dry powder by atomizing the liquid into a hot 

drying medium. The enormous surface area generated by fine droplets enables rapid solvent 

evaporation and particle formation within seconds, making the technique particularly 

valuable for heat-sensitive materials. Over the decades, spray drying has evolved from a 

simple dehydration method into a versatile particle engineering platform, widely adopted 

across the food, pharmaceutical, and chemical industries to control particle size, morphology, 

density, and encapsulation efficiency (Ziaee et al., 2019). Its ability to produce free-flowing 

powders with tailored properties has cemented its role in manufacturing products ranging 

from instant coffee and milk powder to inhalable drugs and advanced catalysts. 

What Is Spray Drying? 

Spray drying is a continuous, single-step particle engineering process in which a liquid feed 

which may be a solution (solutes fully dissolved), an emulsion (dispersed immiscible liquid 

droplets), or a suspension (solid particles dispersed in a liquid) is converted into a dry 

powder. The feed is pumped through an 

atomizer that breaks the bulk liquid into 

millions of fine droplets, creating an 

enormous surface area. These droplets 

are immediately brought into contact 

with a stream of hot drying gas (most 

commonly air) in a drying chamber. The 

resulting rapid heat and mass transfer 

causes the solvent (typically water) to 

evaporate in a matter of seconds, while 

the droplet temperature remains 

relatively low due to evaporative 

cooling. As the solvent leaves the 

droplet surface, the dissolved or 

suspended material becomes 

supersaturated and precipitates or 

coalesces, forming a solid particle. The 

dried particles are then separated from 

the gas stream, typically by cyclones or 

bag filters (Vehring, 2008).  
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Spray Drying Process Steps 

Feed Preparation: The liquid feed must be a pumpable, homogeneous mixture with a solids 

content typically between 20 and 70% by weight. Pre-concentration (e.g., by evaporation or 

membrane filtration) is often required to increase solids, which improves energy efficiency 

and yields larger, denser particles. The feed formulation whether a true solution, a suspension 

of insoluble solids, or an emulsion directly influences viscosity, droplet formation, and final 

powder properties (Gharsallaoui et al., 2007). 

Atomization: Atomization is the critical step that transforms the liquid feed into millions of 

fine droplets, thereby generating an enormous surface area for rapid drying. The atomizer 

type rotary wheel, pressure nozzle, two-fluid nozzle, or ultrasonic dictates the mean droplet 

size and size distribution, which in turn govern the final particle size and the drying rate (Cal 

and Sollohub, 2010). 

Drying: Immediately after atomization, the droplets are contacted with a stream of hot drying 

gas (usually air) inside the drying chamber. The gas flow can be arranged in co-current (feed 

and gas travel in the same direction), counter-current (opposite directions), or mixed-flow 

patterns (Vehring, 2008).  

Particle Formation: As solvent evaporates from the droplet surface, the dissolved or 

suspended solids become supersaturated and precipitate or coalesce. This leads to the 

formation of a solid shell around the droplet. The shell’s mechanical properties and the 

internal vapour pressure determine whether the particle will shrivel, inflate, crack, or remain 

spherical (Vicente et al., 2013; Vehring, 2008). 

Separation: Once the powder is formed, it must be recovered from the exhaust air stream. 

Primary separation is usually achieved by cyclone separators, which use centrifugal force to 

spin the particles out of the gas stream. The powder is collected at the bottom of the cyclone, 

while the cleaned air exits from the top (Santos et al., 2017). 

Atomizer Types & Droplet Sizes 
Atomizer Type Typical Particle Size Best For 

Rotary (wheel) 20–180 µm Large capacity, heat-sensitive products 

Pressure nozzle 50–400 µm Free-flowing, coarse powders 

Two-fluid nozzle 5–80 µm Lab/pilot scale, viscous or small batches 

Ultrasonic 5–50 µm Uniform, fine particles (R&D) 

Typical Operating Parameters 
 Inlet air temperature: 150°C – 250°C (can go up to 350°C for ceramics) 

 Outlet air temperature: 60°C – 120°C (controls final moisture and heat damage) 

 Residence time: 5–30 seconds (air), droplet drying 0.1–10 seconds 

 Evaporation capacity: Lab: 1–10 kg/h water; Industrial: up to 10,000+ kg/h 

 Final moisture content: 2–5% (food); <1% for hygroscopic or chemical products 

 Particle size range: 5–500 µm; typical mean 30–150 µm 

Major Industries & Examples 
Industry Typical Products 

Food & Dairy 
Milk powder (WMP, SMP), coffee, tea, infant formula, egg powder, 

cheese powder, fruit juices, maltodextrin carriers 

Pharmaceuticals 
Inhalable dry powders, excipients, antibiotics, proteins, vaccines (with 

stabilizers), microencapsulated drugs 

Chemicals Detergents, catalysts, pigments, polymers, ceramic powders 

Agrochemicals Water-dispersible granules, encapsulated pesticides 

Nutraceuticals Vitamins (A, D, E), probiotics, herbal extracts, protein isolates 

Advantages 
 Single-step drying from liquid to powder. 

 Continuous, high-capacity, easily automated. 
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 Excellent control over powder properties. 

 Can encapsulate actives (flavors, oils) in a carrier matrix. 

 Suitable for heat-sensitive materials (due to evaporative cooling; product temperature 

stays near wet-bulb temperature until dry). 

Limitations & Challenges 
 High capital and energy costs. 

 Recovery of ultra-fine particles requires efficient cyclones/bag filters. 

 Low bulk density powders may need further agglomeration. 

 Stickiness and hygroscopicity problems (requires use of carriers like maltodextrin, gum 

arabic). 

 Not suitable for very high-fat feeds (>40% fat can cause clogging unless formulated 

properly). 

Market & Industry Facts 
 Global spray drying equipment market size: ~$4.8–5.0 billion (2022/2023), projected 

to reach ~$7.4 billion by 2030 (CAGR ~5–6%). 

 Key drivers: Rising demand for convenience foods, infant formula, encapsulated 

nutraceuticals, and pharmaceutical powders. 

 Largest installed base: Food & beverage sector accounts for ~40–45% of revenue. 

 Leading regions: Asia-Pacific dominates, followed by Europe and North America. 

 Innovation trends: 
 Nano spray drying (particle size 0.3–5 µm) for pharma R&D. 

 Aseptic spray drying for sterile injectables. 

 Closed-loop systems with inert gas (N₂) for organic solvents or oxygen-sensitive 

products. 

 Integration with fluidized bed for agglomeration/instantizing. 

 Use of process analytical technology (PAT) and real-time particle size monitoring 

Conclusion 
Spray drying has evolved into one of the most versatile and efficient technologies for 

converting liquid materials into stable, free-flowing powders with tailored functional 

properties. Its ability to combine rapid drying, particle engineering, and continuous large-

scale production makes it indispensable in the food, pharmaceutical, chemical, and 

nutraceutical industries. Although the process involves high energy consumption and capital 

investment, ongoing innovations such as nano spray drying, closed-loop systems, and real-

time process monitoring are enhancing its efficiency, sustainability, and product quality. As 

the demand for high-quality powdered products continues to grow, spray drying is expected 

to remain a key technology in modern manufacturing, offering significant opportunities for 

product innovation and advanced material processing. 
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