
Powder Production

Powder production methods for ceramic powders can be classified as;
- Mechanical

- Chemical

Milling
It is a mechanical method for ceramic
powder production. Reduction of particle
size is beneficial for sintering, which depends
on diffusion of atoms.

Most common milling method is ball milling
- Balls are used for milling. Hardness of the

balls must be equal or greater than the
hardness of the ceramic will be milled.
- Amount and size of the balls are critical for
the final powder size.
- Wet or dry milling can be applied.
- From balls or barrel impurities may

added to the ceramic powder
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Apart from the ball mill, there are other milling types;
- Fluid energy mill (jet mill)
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Apart from the ball mill, there are other milling types;
- Vibrational mill
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Apart from the ball mill, there are other milling types;
- Attrition mill
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Spray Drying
It is commonly used in ceramic processing to achieve uniform, free-flowing
powder.  It has an atomizer (nozzle or centrifugal) which atomize fluid with a 
droplets around 30 to 250 m through a pressure nozzle with pressures up to
10.000 psi.
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Sol-Gel Processing
Sol-gel is a generic term that includes a variety of techniques to achieve a high-
purity composition with homogeneity at the molecular level. 

Involves following steps:
- Form a stable dispersion (sol) of particles
- By changing concentration, aging, or addition of suitable electrolyte, induce

polymer-like, 3D bonding to form a gel from the sol.
- Evaporate the remaining liquid from the gel
- Increase the T to convert dehydreated gel to the ceramic composition.
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Precipitation
Precipitation depends
on the solubility vs
temperature (or pH, 
pressure)behaviour of 
the solutes in associated
solvents.

T example

pH example
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Production of Non-oxide Powders – SiC

SiC and Si3N4 are very rare in nature. Their powders are produced by chemical
methods.
For example, SiC is produced generally by Acheson Process; lower grade SiC for
abrasives, higher grade SiC for electrical applications.

Acheson process is a process which is used 
mainly for the manufacture of silicon 
carbide. Currently coke and quartz are used 
as major raw materials to produce SiC in 
bulk quantities. A schematic of a resistance 
furnace of the type used in the Acheson 
process, is shown in Figure. SiC has extreme 
hardness, sharpness and good thermal 
properties and hence it is employed as a 
abrasive and refractory material. In Acheson 
process, resistance-heating used up to
around 22000C.
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Production of Non-oxide Powders – SiC, Si3N4

SiC is used for high-temperature kiln furniture, electrical-resistance heating
elements, grinding wheels and adrasives, wera-resistance applications, varistors, 
LEDs

Silicon nitride does not occur naturally. Several methods are present to synthesize it.

Silicon powder with nitrogen gas at 12500C-14000C range forms Si3N4. 

High purity silicon nitride can be made by reduction of SiO2 with carbon in the 
appropriate nitrogen environment.
Also, high purity silicon nitride can be produced by reaction of SiCl4 or silane with
ammonia. This reaction results in silicon diimide, and by decomposition of silicon
diimide (around 10000C) gives rise to formation of silicon nitride powder.

3Si(NH)2=Si3N4+2NH3
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Powder/particle size and its distribution is essential.  There are a couple methods
to determine particle size range of the powders.

Microscopy
It is a direct method to measure particle size of the
particles. Optical microscopy or electron microscopy
can be used to determine particle size.
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Sieving
Sieving is used to separate particles according to their
particle sizes.
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Sieving
Table shows sieve numbers and their corresponding openings in mm and inches.
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Sedimentation

If a particle with diameter d is dropped into a liquid, two forces act on it. 
Gravitational force and and the upward thrust of the liquid. (check the units)

Gravity sedimentation is useful for particle
size range 0.2 – 100 m.
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X-ray Diffraction

n=2dsin - Bragg’s Law
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X-ray Diffraction

Scherrer Equation Useful for particles less than 100nm
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Surface Area Determination

Partice size can be calculated by measuring surface area of the particles. The surface area
can be measured by adsorbing of surface a monomolecular layer of a gas. The pressure of 
gas before and after adsorbtion is measured. From the difference in pressure, mass of the
gas adsorbed by the powder surface can be calculated. From this mass, total surface area
can be calculated. 

This method is called BET (Brunauer, Emmet, Teller) method. In this method, surface area is
used to find the particle size.

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑆𝑝ℎ𝑒𝑟𝑒 ∶ 𝐴 = 4𝜋𝑟2

𝑟 = 3/ 𝑆 ; S is total surface area,  is density


