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ABSTRACT 

Four types of commercial flour were used in this project which are wheat flour, 

cornstarch flour, tapioca flour and atta flour. This research is conducted to investigate 

the flow and the effect of physical properties of flours and their relationship to design 

the outlet diameter of hopper flow. The flowability and the cohesiveness of the 

powders are determined using Carr index and Hausner Ratio. The flow properties were 

measured using shear cell technique, and the physical properties measure were particle 

size, moisture and densities (bulk, tapped and true). The compressibility is done by 

direct compression using uniaxial die compaction. A shear cell test give result flow 

factor index, varied from easy flow to very cohesive. It was found that the atta and 

wheat flours were very cohesive powder with highest particle size (173.96 ± 2.12 µm) 

and (140.93 ± 4.63 µm) respectively whereas cornstarch and tapioca cohesive powder 

with lowest particle size (22.05 ± 0.08 µm) and (21.88 ± 0.05 µm) respectively. The 

shear cell test also can give result to calculate the outlet diameter of hopper flow. The 

most cohesive powder was found in atta flour with Carr index ( 42.68 %) due to its 

high content fat that reduced the flowability. As for hopper flow design the diameter 

of each powder was determined. The largest outlet diameter of hopper flow was atta 

flour (0.24 m). This study show that fat content was the major influence of flowability 

instead of particle size and compressibility. Thus, atta flour was the most cohesive 

powder between wheat, cornstarch and tapioca flour. Atta flour had the highest value 

of carr index, hausner ratio and lowest flow factor index that indicated its flowability 

was the poorest. Thus, this study is very helpful in understanding of flowability of 

powders and can be applied in industry application. 
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a one-dimensional characteristic of a powder, whereby powders can be ranked on a 

sliding scale from free flowing to non-flowing. 

2.2.1 Carr Index and Hausner Ratio 

Powder flow properties of food powders highlights the importance of 

flowability parameter for a powdered material measured by the Carr index and 

Hausner ratio which it all depends on the physical properties of the powders such as 

the particle size and shape, surface structure, particle density, and bulk density. The 

crucial properties that affect the value of Carr Index and Hausner ratio were depends 

on the densities; bulk density and tapped density. These density play a significant role 

to determine the flowability of powder. Flowability is very crucial parameter for a 

powdered material measured by Carr index and Hausner Ratio. 

2.3 Physical Properties of Powders 

There are many types of physical properties. The physical powder properties 

that measured in this study are particle size, bulk density, tapped density, true density 

and porosity and moisture content (wet basis and dry basis). 

2.3.1 Particle Size, Densities and Porosity 

In many powder handling and processing operations particle size and size 

distribution play a key role in determining the bulk properties of the powder. 

Describing the size distribution of the particles making up a powder is therefore central 

in characterizing the powder. In many industrial applications a single number will be 

required to characterize the particle size of the powder. Particle size has a major 
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2.4 Caking, Cohesion and Powder Flow Speed Dependency (PFSD) properties 

The powder flow analyser .can analyze properties like the caking strength, 

cohesion index and stability index of the powders. Caking is a deleterious 

phenomenon by which amorphous food powders are transformed into a sticky 

undesirable material, resulting in loss of functionality and lowered quality. Caking is 

a powder's tendency to form lumps or masses. The formation of lumps interferes with 

packaging, transport, flowability, and consumption (Mingyang et al., 2018). Usually 

caking is undesirable, but it is useful when pressing powdered substances into pills 

or briquettes. Granular materials can also be subject to caking, particularly those that 

are hygroscopic such as salt, sugar, and many chemical fertilizers. Caking mechanisms 

depend on the nature of the material. Caking is a consequence of chemical reactions 

of grain surfaces. Often these reactions involve adsorption of water vapour or other 

gases. This show the higher ability of powder to caking, will reduce the flowability of 

powder. 

Cohesivity of powders influences the flow of powders and sometimes causes 

difficulties in powder flow. Cohesiveness is the tendency of the powder particles to 

cling together and agglomerate. Cohesion index is defined as the ratio cohesion 

coefficient/sample weight. Low cohesion index is associated with non-cohesive free­

flowing powders. High cohesion index is associated with cohesive, poor flowing 

powders. Table 2.1 show the classification of cohesion index ( C/). 

Table 2.1 Classification of Cohesion Index (C/) (Abdullah et al., 2010). 

Cohesiveve Index ( CJ) 

>19

19-16

Flow behaviour 

Hardened/ extremely cohesive 

Very cohesive 
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2. 7 Others Factor that Influencing the Flowability of Powders

There are many factors that affect flowability of powders. The very common 

factor that always have been a problem toward flowabilty of powders are particle size 

of powder, particle shape, densities and moisture content. Here are some others factor 

that can affect the flowability of powder include humidity, temperature, pressure and 

fat content. These factors may be important measurement in designing hopper flow 

and packaging. 

2.7.1 Humidity 

Relative humidity of the air (interstitial as well as head space) in a storage 

container, such as a bin or silo, also affects bulk materials' properties. Many bulk 

materials are hygroscopic and thus the exposure to humid conditions results in 

increased moisture content of the bulk. This can lead to an increase in bulk strength 

(Marinelli and Carson, 1992), and also to an increase in angle of repose. Flowability 

of any material reduces with an increase in the angle of repose of that material. Many 

researchers have observed that higher humidities had significant effects on the 

flowability and cohesiveness of granular powders (Craik and Miller, 1958). 

2.7.2 Temperature 

Temperature also has a substantial effect on bulk solid flowability. The most 

drastic temperature effect is the freezing of the moisture contained within the granular 

materials and on particle surfaces. The resulting ice bonds weaken the flow (Irani et 

al., 1959). Varying the storage temperature from above freezing to 30 or 40°C does 

not usually have a great impact on powder flowability, if there is no melting of 

components or no component exceeds its glass transition temperature. But severe 
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Powder Flow Speed Dependency of Four Type of Flours 

a Wheat 

B Cornstarch 

�Tapioca 

RJAtta 

Figure 4.3 Graph Powder Flow Speed Dependency of Wheat, Cornstarch, 

Tapioca and Atta Flours 

4.4 Compressibility 

4.4.1 Applied Pressure Volume Relationship 

Figure 4.4 shows the pressure versus volume at 0.5g of wheat, cornstarch, 

tapioca and atta flours compressed at 4, 6, 8 and 9 kPa. The results depicted that as the 

applied pressure increased, the volume of the compact decreased for all the powders 

used. When the powders were compressed at 4 kPa, the volume of the compacts were 

(447.74 x 10-9 m3) for wheat flour, (524.03 x 10-9 m3) for cornstarch flour, (524.03 x

10-9 m3) for tapioca flour and (477.59 x 10-9 m3) for atta flour. The variation of the

compacts' volume may be related to the flowability characteristic of the powders, 

which may be classified from the Hausner Ratio and Carr Index Table 3 .1. Wheat flour 

had very cohesive flowability, its small particle size accommodated greater inter­

particle friction, consequently requiring large amount of energy to overcome the inter­

particle friction. Moisture content also play role in compressibility. Wheat flour had 

highest moisture content compared to conrstarch, tapioca and atta flours that make 
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Atta 1.86 ± 0.58 41.93 ± 8.54 15.26 33.20 618.16 ± 91.88 
Powder (Very Cohesive) 

4.5.1 Flow Function Properties 

The unconfined yield strength (UYS) versus the major principle consolidating 

stress (MPCS) is shown in Figure 4.5. According to the classification given by Jenike 

all the flours come under the category of cohesive (Jenike, 1964). However, the 

flowability of atta and wheat flours were found poorer than cornstarch and tapioca 

flours. The cohesiveness of atta flour might be due to a number of factors including 

its caking strength, cohesion, flow stability index and high fat content. The 

cohesiveness of wheat flour might be due to a higher moisture content and high fat 

content. Flowability of the powders was influenced by the major principal 

consolidating stress (MPCS) applied, which means that powders would be expected 

to have different flow behaviour in different regions of a hopper and at different fill 

heights therein (Crowley et al., 2014). It is observed that the values of UYS 

significantly increased with the increase of MPCS. At first the curve of wheat and atta 

flours were lie on very cohesive region but when MPCS increase the curve of wheat 

and atta were lie on cohesive region. The cornstarch and tapioca flours curve were lie 

on cohesive region from beginning till the end. 

As previously outlined, flowability tends to decrease with a reduction in 

particle size. However, in this study atta and wheat powders had large particle size but 

low value of flow factor index which indicate their flowability very cohesive. This 

might be due the fat content of wheat and atta powders. In fact, even though atta flour 

had the highest particle size followed by wheat flour, it were also the most cohesive 
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CHAPTERS: CONCLUSION AND RECOMMENDATIONS 

S.1 Conclusion

The objective of the present study were to study the relationship between 

powder flowability and physical properties of powder and to calculate the estimation 

of minimum outlet diameter of hopper flow. Powder flowability was quantified using 

various techniques such as powder flow analyser test, density measurements, uniaxial 

die compaction test and shear cell test. The powder physical and chemical properties 

measured included the mean particle size, densities, compressibility and moisture 

content. Finally the influence of powder physical properties on powder flowability 

was studied and relate to design hopper flow. 

Wheat, cornstarch, tapioca and atta flours were cohesive flowability. However, 

the flowability of atta and wheat flours were more cohesive compared to cornstarch 

and tapioca. This is because the fat content in atta and wheat flours were higher than 

cornstarch and tapioca flours. This can be supported when Carr Index and Hausner 

Ratio shown that the cornstarch and tapioca flours had poor flowability whereas atta 

and wheat flours had very, very poor flowability. The result from shear cell test also 

indicated the same result when the flow factor index of atta and wheat flours were 

lower than cornstarch and tapioca flours. The lower the flow factor index shown the 
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