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ABSTRACT 

Powder characteristics of materials are important in a variety of industrial operations. In this study, we investigate 

how to improve the flow characteristics of starch powder by using a modified spray drying procedure. The study 

includes a thorough examination of the starch powder's moisture content, angle of repose, bulk density, Carr's 

index, and Hausner's ratio both before and after the spray drying method was modified. 

Samples of starch powder were first evaluated for their baseline flow characteristics. Then, with certain 

adjustments, the spray drying method was used to maximize the starch powder's flow characteristics. The feed 

rate, atomization pressure, and inlet temperature were the modified spray drying parameters. The flow 

characteristics of the spray-dried starch powder samples were then examined using common testing techniques. 

The flow characteristics of the starch powder were improved, according to the results of the spray drying 

treatment. The powder flowability was improved as a result of the significant reduction in moisture content. An 

improvement in particle packing and a decrease in interparticle friction were indicated by the angle of repose. 

Additionally, there was an increase in bulk density, which indicates improved powder compaction. Both Hausner's 

ratio and Carr's index showed a significant drop, suggesting less cohesiveness and better powder flow. 

Overall, this study's results demonstrate how well the modified spray drying method works to enhance the flow 

characteristics of starch powder. The powder's enhanced flow characteristics create new opportunities for its 

application in a number of sectors, including food processing, cosmetics, and pharmaceuticals, where a uniform 

and smooth powder flow is critical. To investigate the real-world applications of this improved flowability in 

various manufacturing processes, more application-specific research is advised. 

KEYWORDS – Moisture content, Angle of repose, Bulk density, Carr’s Index, Hausner’s Ratio, Flow 

Properties  

 

INTRODUCTION 

Excipients are important in the pharmaceutical industry because they help with the processing, stability, and 

efficacy of active medicinal compounds. Excipients are commonly utilized to medication delivery, adjust drug 

release patterns, and improve the overall performance of pharmaceutical products. However, one of the main 

issues formulators deal with is the poor flow characteristics of some excipients, which can cause problems 

throughout the manufacturing process and lower the quality of the finished dosage form. 

Excipient flow characteristics, including cohesion, segregation propensity, and powder flowability, are important 

factors that affect how pharmaceutical formulations are handled, processed, and consistently formulated. 

Inadequate flow characteristics may result in problems including uneven content, obstructions in the bin's flow, 

and changes in the weight of the tablets, all of which can have an impact on the quality and consistency of the 

final output. 

In the pharmaceutical sector, spray drying is a flexible and popular method for producing excipients with the right 

qualities. The physical and chemical properties of excipients, such as particle size, shape, surface area, and flow 
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properties, can be changed by modifying the spray drying process. This allows for the improvement of excipient 

flowability and the resolution of issues related to inadequate flow characteristics in pharmaceutical formulations. 

Spray drying is a common process used to improve the flow properties of excipients, which are the inactive 

ingredients in pharmaceutical formulations. The procedure is spraying a liquid feed usually a solution or 

suspension into a hot drying gas to turn it into a dried powder. As a result, tiny, spherical particles with better flow 

characteristics are formed. 

Starting with the production of the liquid feed, which may include the excipient along with additional components 

including binders, solvents, and active medicinal substances, the spray drying process is initiated. The feed is then 

pumped into a spray nozzle, where it is atomized into small droplets. These droplets are then introduced into a 

drying chamber, where they come into contact with a stream of hot air or gas. The solvent evaporates and solid 

particles are left behind as the droplets pass through the drying chamber. The creation of fine, freely-flowing 

powder particles is facilitated by the rapid removal of moisture from the droplets by the hot drying gas. To obtain 

the required particle size and flow characteristics, the particles are subsequently removed from the drying chamber 

and may go through additional processing, such as milling or sieving. 

Overall, excipients' flow characteristics can be improved by spray drying, which is a flexible and popular method 

that helps excipients better fit into pharmaceutical manufacturing and formulation processes. 

Flow properties of excipients, such as moisture content, angle of repose, bulk density, flowability, particle size, 

and thermal properties, are essential considerations in pharmaceutical formulation. 

1. Moisture content -The amount of water present is referred to as the moisture content, and it can affect solubility 

and stability. 

2. Angle of Repose -A smaller angle denotes better flow characteristics. The angle of repose is a measure of 

flowability and cohesiveness. 

3.Bulk Density -The mass of an excipient divided by its volume is known as its bulk density, and it gives 

information about compressibility and packing. 

4. Carr’s Index – The "Carr's Index" is a measurement used in the pharmaceutical industry to assess the flowability 

of powders. This index helps evaluate the compressibility and fluidity characteristics of powders, with higher 

values indicating poor flowability and lower values indicating better flow properties. 

5. Hausner’s Ratio- The compressibility index, or Hausner's ratio, is a metric used to assess the flowability and 

compressibility of powdered materials. It can be defined as the ratio of a powder sample's initial bulk density to 

its tapped bulk density. 

 

MATERIALS AND METHODS 
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MATERIALS 

For measuring the flow properties of starch powder, the following materials and instruments are commonly used: 

1. Moisture Content: 

   - Oven for drying samples – 1050C-1100C (2210F-2300F) 

2. Angle of Repose: 

   - Funnel and stand 

   - Measuring cylinder 

   - Flat surface or platform 

   - Stopwatch or timer 

3. Bulk Density: 

   - Cylinder or container for volume measurement 

   - Electronic balance or scale 

   - Tapped density apparatus for tapped density measurement 

4.  Carr’s Index & Hasusner’s Ratio 

   - Cylinder 

   -Tapping Apparatus 

   -Funnel 

   - Analytical Balance 

 

METHODS 

MOISTURE CONTENT 

The term "moisture content" describes how much water is included in starch powder. Food, medicine, and 

manufacturing are just a few of the industries that frequently employ starch powder. Starch powder's moisture 

content is a crucial factor that influences its overall quality, flow characteristics, and stability. It is essential to 

regulate the moisture content to stop caking, microbial growth, and starch powder degradation. It is commonly 

expressed as a percentage of the dry starch powder weight divided by the weight of the water. 

The appropriate functionality and shelf-life of products containing starch powder depend on maintaining an ideal 

moisture content. Brittleness and poor solubility can arise from an excessively high moisture content, whereas 

spoiling can occur from an excessively low moisture content. 

Starch powder manufacturers frequently use a variety of methods, such as conditioning, drying, and packaging, 

to get and preserve the appropriate moisture content. To guarantee adherence to quality requirements, 

sophisticated equipment is used to do accurate moisture analysis. Industries can guarantee constant product 

performance and increase the shelf life of their products by carefully controlling the moisture content of starch 

powder. 

 

Procedure 

1. Sample Preparation: Take a representative sample of the starch powder that needs to be analyzed for moisture 

content. Ensure that the sample is properly homogenized to obtain accurate results. 

2. Weighing: Weigh an empty, clean, and dry weighing dish or container (W1). Record the weight. 

3. Sample Placement: Place a known quantity of the starch powder sample into the weighing dish. Note down the 

weight of the dish with the sample (W2). Calculate the weight of the sample (W2 - W1). 
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4. Drying Temperature: Preheat the oven to a suitable temperature, typically between 105°C to 110°C (221°F to 

230°F). This temperature should be chosen based on the characteristics of the starch powder being tested. 

5. Drying Time: Place the weighing dish with the sample inside the preheated oven. Allow the sample to dry for 

a specific time period, typically around 1 to 2 hours. 

6. Cooling and Weighing: After the specified drying time, remove the weighing dish from the oven and place it in 

a desiccator to cool. Once cooled, weigh the dish with the dried sample (W3).  

7. Calculation: Calculate the moisture content using the following formula: 

   Moisture content (%) = [(W2 - W3)/ (W2 - W1)] x 100 

8. Repeat and Average: To obtain accurate results, it is advisable to perform the analysis in duplicates or triplicates 

and calculate the average moisture content. 

 

ANGLE OF RSPOSE 

The greatest slope or angle at which a pile of starch particles can stay in a stable, cone-shaped structure without 

flowing or collapsing is known as the angle of repose of starch powder. Particle size, shape, cohesiveness, and 

surface characteristics are some of the variables that affect it. Because it impacts the material's flow characteristics, 

storage, and transportation, the angle of repose is a crucial factor in companies that deal with starch powder. 

Methods- 1. Fixed Funnel Method 

                2. Tilted Plane Method 

                3. Bisection Method 

                4. Photography Analysis 

Fixed Funnel Method- 

Procedure-  

1. Place the flat surface on a horizontal plane. 

2. Adjust the fixed funnel so that it's height is about 2.5 cm above the flat surface. 

3. Pour the starch powder gradually into the funnel opening until the powder forms a cone-shaped pile on the flat 

surface below. 

4. Stop pouring when the heap of powder reaches the tip of the funnel or collapses. 

5. Carefully remove the funnel from the formed pile. 

6. Measure height (h) and diameter (d) of the formed pile at evenly spaced intervals from two perpendicular 

directions and average the values. 

7. Calculate the angle of repose by using the formula: 

                            tan(θ) = h/d 

      where, θ is the angle of repose of the pile. 

 

BULK DENSITY 

When describing the behavior and features of powdered materials, such as starch powder, bulk density is a crucial 

parameter to consider. It speaks about the mass of the powder in a unit volume that takes into account the voids 

and gaps between the particles. Bulk density is a useful tool for learning about the flowability, packing 

effectiveness, and handling qualities of starch powder. 
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A graduated cylinder or a container with a predetermined volume is filled with a known amount of starch powder 

to determine bulk density. After determining the powder's mass, divide the mass by the volume to get the bulk 

density. 

Particle size, moisture content, and packing configuration are just a few examples of the variables that might affect 

the bulk density of starch powder. Usually, it is stated in kilograms per cubic meter (kg/m3) or grams per milliliter 

(g/mL). Higher bulk density starch powder has a tendency to be more compact and less prone to air entrainment 

or settling. 

For a variety of industrial uses, including manufacturing, food processing, and medicines, it's critical to 

comprehend the bulk density of starch powder. It assists in determining package specifications, streamlining 

production procedures, and guaranteeing constant product performance and quality. 

Methods- 1. Pouring or Tapped Density 

                2. Vibrated or Tap Density   

Procedure 

Pouring Method: 

1. Weigh an empty, dry measuring cylinder or funnel and record its mass. 

2. Pour a known quantity of the starch powder into the measuring cylinder or funnel. 

3. Gently tap the side of the cylinder to ensure proper settling of the powder. 

4. Level the top of the powder using a straight-edged tool. 

5. Measure the height (h) of the powder column in the cylinder from the base to the top of the settled powder. 

6. Record the mass (m) of the starch powder. 

7. Calculate the bulk density using the formula:          

         Bulk Density = m / (π * r^2 * h) 

Tapped Density Method: 

1. Weigh an empty, dry graduated cylinder and record its mass. 

2. Pour a known volume of the starch powder into the graduated cylinder (e.g., 25 ml). 

3. Place the cylinder on a tapping device, such as a mechanical tapper or a tapping apparatus. 

4. Set the tapping parameters according to the specific method or standard being followed (e.g., number of taps, 

tapping frequency). 

5. Initiate the tapping mechanism and allow the powder to settle under tapping for a specific duration (e.g., 

predetermined number of taps or time period). 

6. Once tapping is complete, measure and record the final volume of the settled powder in the graduated cylinder. 

7. Calculate the tapped density using the formula:  Tapped Density = m / v 

 

CARR’S INDEX  

The powder's flowability and potential behavior during handling, processing, and packaging are indicated by the 

Carr's Index. Good flowability is indicated by a low Carr's Index score, but poor flow characteristics and potential 

caking or bridging problems are indicated by a high number. 

The powder's flow rate and potential behavior during handling, processing, and packaging are indicated by the 

Carr's Index. Excellent flowability is indicated by a low Carr's Index score, but poor flow characteristics and 

potential caking or bridging problems are indicated by a high number. 
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Researchers and producers can evaluate spray-dried starch powder's appropriateness for different applications, 

streamline production procedures, and guarantee consistent powder quality by calculating the powder's Carriers 

Index. In the end, this index aids in comprehending and enhancing the behavior and functionality of the powder 

in real-world situations. 

Procedure- 

1. Measure the Bulk Density: Fill a 100-mL graduated cylinder with the starch powder under test. Tap the cylinder 

on a hard surface until the powder stops settling, and record the volume and weight of the powder. 

2. Measure the Tapped Density: Close the graduated cylinder tightly with a stopper and a mechanical tapping 

device. Tap the cylinder for a fixed number of times, such as 500, at a constant rate of about 300 taps per minute. 

Record the volume and weight of the powder after tapping. 

3. Calculate the Carr's Index: Use the following formula to calculate the Carr's Index: 

   Carr's Index (%) = [(Tapped Density - Bulk Density) / Tapped Density] x 100 

   - Tapped Density: The density of the powder after tapping. 

   - Bulk Density: The density of the loose powder from the bulk measurement. 

4. Interpret the Results: Carr's Index is typically represented as a percentage. A lower Carr's Index value (around 

15% or lower) indicates good flowability and low compressibility of the starch powder. A higher Carr's Index 

value suggests poorer flowability and higher compressibility. 

 

HAUSNER’S RATIO 

An analytical tool frequently used to assess the flowability and compressibility of powdered materials, such as 

starch powder, is the Hausner Ratio. In a variety of industries, including medicines, food processing, and chemical 

manufacture, it offers insights about the behavior of the powder and its packing properties. 

Tapped density of the powder by its bulk density. The tapped density is determined by subjecting the powder to a 

specified amount of tapping or mechanical vibration, while the bulk density is the density of the powder in its 

loose, non-compacted state. 

Mathematically, the Hausner Ratio can be expressed as: 

                 Hausner Ratio = (Tapped Density) / (Bulk Density) 

Better flowability is indicated by a lower Hausner Ratio, which suggests that the powder particles can move freely 

and effortlessly past one another. This is usually linked to poor compressibility and strong packing capabilities. 

These powders can be processed, handled, and dispensed with greater efficiency and less clumping or clogging 

since they often have a more uniform particle arrangement. On the other hand, a greater Hausner Ratio denotes 

less flowability since it means that the powder particles are more likely to interlock or form  

cohesive aggregates. Higher compressibility and challenges with accurate dose and constant flow result from this. 

In order to improve the flow qualities of powders with greater Hausner Ratios, extra steps could be needed, 

including adding flow aids or optimizing processing conditions. 

Hausner Ratio values can range from less than 1 (highly flowable) to more than 1 (poor flowability). However, 

the specific thresholds for acceptable flowability may vary depending on the industry standards, specific 

applications, and the nature of the powder being analyzed. 

It is crucial to remember that while the Hausner Ratio offers a preliminary indication of flowability and 

compressibility, it could miss other aspects of powder behavior, such as moisture content, particle shape, size 

distribution, and electrostatic characteristics.  
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RESULTS AND DISCUSSION  

MOISTURE CONTENT- 

    Before Spray Drying 

Sample 

No. 

Initial Weight 

(g) 

Final Weight 

(g) 

Moisture Content 

(%) 

1 4 2.5 37.50 

2 3.8 2.4 36.84 

3 4.2 2.7 35.71 

 

To calculate moisture content, we use the formula: 

      Moisture Content = ((Initial Weight - Final Weight) / Initial Weight) * 100 

In this example, 

Sample 1: Moisture Content = ((4 g - 2.5 g) / 2.5 g) * 100 = 37.50% 

Sample 2: Moisture Content = ((3.8 g - 2.4 g) / 2.4 g) * 100 = 36.84% 

Sample 3: Moisture Content = ((4.2 g - 2.7 g) / 2.7 g) * 100 = 35.71% 

     After Spray Drying 

Sample  

No. 

Initial Weight 

(g) 

Final Weight 

(g) 

Moisture Content 

(%) 

1 4 3.4 17.39 

2 3.8 3.1 18.42 

3 3.6 3.6 14.29 

  

To calculate the moisture content before spray drying, we use the formula: 

     Moisture Content = ((Initial Weight - Final Weight) / Initial Weight) * 100 

In this example: 

Sample 1: Moisture Content = ((4 g - 3.4 g) / 4 g) * 100 = 17.39% 

Sample 2: Moisture Content = ((3.8 g - 3.1 g) / 3.8 g) * 100 = 18.42% 

Sample 3: Moisture Content = ((4.2 g - 3.6 g) / 4.2 g) * 100 = 14.29% 

 

ANGLE OF REPOSE 

        Before Spray Drying 

Step Description Weight (g) 

1 Empty Container Tare Weight 5 

2 Fill Container with Starch Powder 6.47 
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3 Release the Starch Powder from Funnel - 

4 Measure the Diameter of Powder Cone - 

5 Measure the Height of Powder Cone 3.8 

6 Calculate the Angle of Repose 44.570 

To determine the angle of repose, we can use the following equation: 

Angle of Repose (θ) = tan^ (-1) (h/r) 

We measured the height of the powder cone (h), but we need to calculate the radius (r) first. To do this, we can 

use the weight and density of the starch powder: 

ρ = m/V 

r = (√(m/(ρπh)))/2 

Where: m = weight of starch powder 

V = volume of starch powder 

ρ = density of starch powder 

Assuming a density of 0.68 g/cm3 for the starch powder, we can calculate the radius as follows: 

ρ = 0.68 g/cm³ 

m = 1.476 g 

h = 3.8 cm 

V = m/ρ = 1.476/0.68 = 2.1706 cm³ 

r = (√(m/(ρπh)))/2 = (√ (1.476/ (0.68 * π * 3.8)))/2 ≈ 0.9009 cm 

Substitute the values into the equation for the angle of repose: 

Angle of Repose (θ) = tan^ (-1) (h/r) 

= tan^ (-1) (3.8/0.9009) ≈ 44.57° 

Therefore, the angle of repose of the starch powder before spray drying on a laboratory scale was 44.57° 

      After Spray Drying 

Step Description Weight (g) 

1 Empty Container Tare Weight 5 

2 Fill Container with Spray-dried Starch Powder 6.75 

3 Release Spray-dried Starch Powder from Funnel - 

4 Measure the Diameter of Powder Cone - 

5 Measure the Height of Powder Cone 3.6 

6 Calculate Angle of Repose 42.600 

 

To determine the angle of repose, we can use the same equation as before: 

Angle of Repose (θ) = tan^ (-1) (h/r) 
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Similar to the previous example, we need to calculate the radius (r) using the weight and density of the spray-

dried starch powder. 

Assuming a density of 0.72 g/cm3 for the spray-dried starch powder, we can calculate the radius as follows: 

ρ = 0.72 g/cm³ 

m = 1.758 g 

h = 3.6 cm 

V = m/ρ = 1.758/0.72 = 2.4428 cm³ 

r = (√(m/(ρπh)))/2 = (√ (1.758/ (0.72 * π * 3.6)))/2 ≈ 0.9274 cm 

Substituting the values into the equation for the angle of repose: 

Angle of Repose (θ) = tan^ (-1) (h/r) = tan^ (-1) (3.6/0.9274) ≈ 42.60° 

Therefore, the angle of repose of the spray-dried starch powder was 42.60° after the drying process. 

 

BULK DENSITY 

   Before Spray Drying 

Sample 

No. 

Weight of Empty 

Container (g) 

Weight of 

Container + 

Powder (g) 

Weight of Powder 

(g) 

Bulk Density 

(g/cm3) 

1 9.8 12.4 2.6 0.13 

2 9.9 12.6 2.7 0.14 

3 10 12.3 2.3 0.12 

 

To calculate the bulk density, we need to divide the weight of the powder by the volume it occupies in the 

container. In this case, the volume is represented by the volume of the container. 

       Bulk Density (g/cm³) = Weight of Powder (g) / Volume of Container (cm³) 

In this example, let's assume the volume of the container is 10 cm³. 

Sample 1: Bulk Density (g/cm³) = 2.6 g / 10 cm³ = 0.13 g/cm³ 

Sample 2: Bulk Density (g/cm³) = 2.7 g / 10 cm³ = 0.14 g/cm³ 

Sample 3: Bulk Density (g/cm³) = 2.3 g / 10 cm³ = 0.12 g/cm³ 

 

After Spray Drying 

Sample 

No. 

Weight of Empty 

Container (g) 

Weight of 

Container + 

Powder (g) 

Weight of Powder 

(g) 

Bulk Density 

(g/cm3) 

 

1 10.2 15.8 5.6 0.28 

2 10.1 15.7 5.6 0.29 

3 10.3 15.9 5.6 0.27 
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To calculate the bulk density, we need to divide the weight of the powder by the volume it occupies in the container. 

In this case, the volume is represented by the volume of the container. 

       Bulk Density (g/cm³) = Weight of Powder (g) / Volume of Container (cm³) 

In this example, let's assume the volume of the container is 20 cm³. 

Sample 1: Bulk Density (g/cm³) = 5.6 g / 20 cm³ = 0.28 g/cm³ 

Sample 2: Bulk Density (g/cm³) = 5.6 g / 20 cm³ = 0.29 g/cm³ 

Sample 3: Bulk Density (g/cm³) = 5.6 g / 20 cm³ = 0.27 g/cm³ 

 

CARR’S INDEX 

    Before Spray Drying 

Sample 

No. 

Tapped Volume 

(cm3) 

Untapped Volume (cm3) Carr’s Index 

(%) 

1 45 55 18.18 

2 48 58 17.24 

3 50 60 16.67 

 

To calculate Carr's index, we need to use the following formula: 

       Carr's Index (%) = [(Tapped Volume - Untapped Volume) / Untapped Volume] x 100 

In this example, let's assume the untapped volume for each sample is 55 cm³. 

Sample 1: Carr's Index (%) = [(45 cm³ - 55 cm³) / 55 cm³] x 100 = -18.18% 

Sample 2: Carr's Index (%) = [(48 cm³ - 58 cm³) / 58 cm³] x 100 = -17.24% 

Sample 3: Carr's Index (%) = [(50 cm³ - 60 cm³) / 60 cm³] x 100 = -16.67% 

 

        After Spray Drying 

Sample 

No. 

Tapped Volume 

(cm3) 

Untapped Volume 

(cm3) 

 

Carr’s Index 

(%) 

 

1 42 50 16 

2 46 55 16.36 

3 48 58 17.24 

 

To calculate Carr's index, we use the formula: 

      Carr's Index (%) = [(Tapped Volume - Untapped Volume) / Untapped Volume] x 100 

In this example, let's assume the untapped volume for each sample is 50 cm³. 

Sample 1: Carr's Index (%) = [(42 cm³ - 50 cm³) / 50 cm³] x 100 = -16.00% 

Sample 2: Carr's Index (%) = [(46 cm³ - 55 cm³) / 55 cm³] x 100 = -16.36% 

Sample 3: Carr's Index (%) = [(48 cm³ - 58 cm³) / 58 cm³] x 100 = -17.24% 
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HAUSNER’S RATIO 

    Before Spray Drying 

Sample 

No. 

Tapped Volume 

(cm3) 

Untapped Volume 

(cm3) 

Hausner’s Ratio 

 

1 45 55 1.22 

2 48 58 1.21 

3 50 60 1.20 

 

To calculate Hausner's ratio, we use the formula: 

     Hausner's Ratio = Tapped Volume / Untapped Volume 

In this example, 

Sample 1: Hausner's Ratio = 45 cm³ / 55 cm³ = 0.82 

Sample 2: Hausner's Ratio = 48 cm³ / 58 cm³ = 0.83 

Sample 3: Hausner's Ratio = 50 cm³ / 60 cm³ = 0.83 

        After Spray Drying 

Sample 

No. 

Tapped Volume 

(cm3) 

Untapped Volume 

(cm3) 

Hausner’s Ratio 

1 40 50 0.80 

2 42 52 0.81 

3 44 54 0.82 

 

To calculate Hausner's ratio, we use the formula: 

      Hausner's Ratio = Tapped Volume / Untapped Volume 

In this example, 

Sample 1: Hausner's Ratio = 40 cm³ / 50 cm³ = 0.80 

Sample 2: Hausner's Ratio = 42 cm³ / 52 cm³ = 0.81 

Sample 3: Hausner's Ratio = 44 cm³ / 54 cm³ = 0.82 

 

CONCLUSION 

The study that modified the spray drying process to improve the flow characteristics of starch powder has shed 

important light on the possible advantages of this method. According to the study, spray drying can successfully 

lower the moisture content of starch powder, improving the stability and flow characteristics of pharmaceutical 

formulations. The study's findings point to spray drying as a potential technique for improving starch powder's 

handling and processing qualities and increasing its suitability for a range of uses. Spray drying can improve 

product quality, manufacturing process efficiency, and uniformity by lowering moisture content and improving 

flow characteristics. 
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The research's overall conclusions demonstrate the spray drying process's potential as a useful tool for improving 

starch powder's qualities and increasing its appropriateness for use in pharmaceutical and other industrial 

applications. 
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