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POWDER SAMPLING -1 

 

Before any characteristics of a powder can be measured it is imperative to have a 

representative sample? of the powder. This problem can be viewed in its true magnitude 

by considering that several tons of material? will be analyzed on the basis of less than 1 

gm of material. 

The ultimate that may be obtained in a representative sample is called the perfect sample; 

the difference between this perfect sample and the bulk can be established by a 

statistical method, described in the following problem. 

 



 For the many possible situations in which sampling has to be performed, principles 

can be given that will decrease segregation: 

Rule 1. A powder should be sampled when in motion. 

Rule 2. The whole stream of powder should be taken for many short 

increments of time in preference to part of the stream being 

taken for the whole time. 

Rule 3. In the case of static powder samples are taken from a variety of heights of it. 



CROSS-SECTION OF A PILE OF BINARY POWDER SHOWING DEMIXING 

OF LARGER BLACK PARTICLES (≈1 RAM) TO THE PERIPHERY AND 

FINER WHITE PARTICLES (≈0.2 RAM) TO THE CENTER OF 

THE PILE. 

 



Is a property for allows powder flow easily to fill the space in mould. Can be defined 

the powder flow speed through the hole with certain dimensions. 

this property severely affected by the powder shape and size? . Whenever more 

irregular shape flowability reduced, as well as increasing the number of 

components of the powder mixture 

 



The mass per unit volume of loose material, Also called Bulk Density.  

Material is poured through a specified funnel into a cylinder of known volume. 
Excess material is removed off the top of the cylinder with a straightedge 
and the cylinder is weighed.  

Apparent density is calculated as the mass of material divided by the volume of 
the cylinder. 

The bulk density of a powder is the ratio of the mass of an untapped powder 
sample and its volume including the contribution of the inter particulate void 
volume. Hence, the bulk density depends on both the density of powder 
particles and the spatial arrangement of particles in the powder bed.  

The bulk density is expressed in grams per millilitre (g/ml) although the 
international unit is kilogram per cubic metre (1 g/ml = 1000 kg/m3) 
because the measurements are made using cylinders.  

 





 Tapping  provides a method to 

increase the packing density and 

  decreased  inhomogeneities in the packing,  

  

Which is by far the more important consideration. If the mold is not filled 
homogeneously, the final pressed shape will be very different from that of the 
mold.  

In addition, the tap density of a powder is one of the most frequent methods of 
powder characterization. The tap density reveals differences in powders that are 
not predicted by particle size measurements. 

 In addition to the tap density, the rate at which the density changes with tapping is 
another characteristic of a powder.  

 





The density increases as the number of taps, N, increases because unfilled holes in 

the powder compact are gradually filled. The number of taps is releated to the 

time by the frequency of taps, oJ, as follows" N = (ot. The rate of density increase 

is given by: 

 

 

where k is the rate constant and Po is the density at N = 0 

 



The Compressibility index and Hausner ratio are measures of the ability of a powder to be 
compressed as described above. As such, they are measures of the powder ability to 
settle and they permit an assessment of the relative importance of interparticulate 
interactions. In a free-flowing powder, such interactions are less significant, and the 
bulk and tapped densities will  be closer in value. 

  

 For poorer flowing materials, there are frequently greater interparticulate interactions, 
and a greater difference between the bulk and tapped densities will be observed. 
These differences are reflected in the Compressibility Index and the Hausner Ratio. 

 



V0  =  unsettled apparent volume,  

Vf  =  final tapped volume  

 

Ceramic green bodies are typically characterized in 

detail after drying because it is not necessary to take 

extraordinary precautions to assure that the green 

body lose no further weight.  



In some cases the pore size distribution is also measured. An observation of 

the microstructure shows:  

1. How well the particles are packed,  

2. The uniformity of packing, 

3. The degree of orientation of non spherical particles, 

 The most frequently measured property of a ceramic green body is the 

average density. In its simplest form, the density is the weight of the 

green body divided by its volume, including the pore volume. 

Sometimes the pore volume is measured by the weight gain associated with 

filling the pores with a liquid of known density. The average density is 

the usual measure of how well the ceramic powder is packed into the 

green body. For this reason, the average density is often reported as a 

fraction of theoretical density, which is also the solids volume fraction 

.The average density is certainly an important property, however, the 

uniformity of the density and uniformity of the microstructure in the 

green body are among the most important properties because 

anisotropic green bodies warp and crack during drying, binder 

burnout, and especially sintering. 

Green body characterization is typically done by observing the microstructure of a fracture surface 

with a scanning electron microscope, measuring the green body strength and determining its 

average density.  

  



When the green body is wet, the compressive stress holding the 

green body together is given by 

 

 

where  

ε ϒLA : is the surface tension of the liquid air interface, 

 r p pores radius 

θ:  is the contact angle between the ceramic and the liquid, and ~ is the void 

fraction of the green body.  

 Initial strength (σ) are generated in the compressive strength from the following 

relationship 

  

σ =2P/π .D.t 

where 

: P l load shed, D diameter and t thickness. 

 

 

 



COMPRESSIVE STRESS CAUSED BY THE CAPILLARY ACTION OF 

LIQUID FILLING THE PORES OF A CERAMIC GREEN BODY. 

 

 

 

 

 

  

FREE CONVERT THE POWDER TO SQUEEZED THROUGH 

 



Shrinking Sphere Model 

When the product layer flakes off as fast as it is formed, the reaction may 

be considered to be occurring at the surface of a shrinking particle (see 

Figure below ).  

This type of reaction is described by the following steps: 

1. Mass transfer of A to the surface of the particle, 

2. Surface reaction between A and B, 

3. Mass transfer of any product gas away from the particle, 

4. Heat transfer to or from the particle surface, depending on 

  

whether the reaction is endothermic or exothermic. As with the shrinking 

core model, boundary layer mass and heat transfer fluxes are 

applicable as well as the surface reaction flux.  

 When this model is applicable, the particle morphology changes 

drastically during reaction from particles to flakes of particles. 

  

 



i n  o r d e r  t o  a c h i e v e  m o n o l i t h i c  m o d u l e ,  i t  i s  

n e c e s s a r y  s i m u l t a n e o u s l y  f i r i n g  t h e  

c o n d u c t o r  l a y e r  m e t a l  a n d  d i e l e c t r i c  l a y e r  

c e r a m i c .  f i g u r e  s h o w s  t h e  f i r i n g  s h r i n k a g e  

b e h a v i o r  o f  c e r a m i c  m a t e r i a l  a n d  c o n d u c t i v e  

m a t e r i a l s  i n  t h e  f u n c t i o n  o f  t e m p e r a t u r e :  

 



The diagram above presents interfacial phenomenon caused by 

mismatch aligning. On the figure ΔT is the temperature 

difference in the initial phase of the shrinkage, and ΔS means the 

difference at the end of sintering.  

For example in case of ceramic this temperature where the 

sintering is perfect is 850 °C and in case of metal this 

temperature is 600 °C.  

The reason of ΔS is that there are gaps in the substrate and on the 

surface of the conductor, where the firing density is not equal. 

Consequently the ceramic substrate is distorted and it is also 

difficult to control the accuracy of the wiring dimension. The 

reason of the adherence defects at the interface of 

conductor/ceramic is ΔT. In order to have easier joint, it is 

necessary to optimize the size of conductive granules, its content 

and the aggregates. 



THE FIRING SHRINKAGE BEHAVIOR OF CERAMIC MATERIAL AND 

CONDUCTIVE MATERIALS IN THE FUNCTION OF TEMPERATURE 

  

 


