Industrial chemistry

General introduction to the industrial chemistry include define and its
relation to the other branches of chemistry.

Technical processes of industrial chemistry

Technical processes means or deal with conversion of raw material R.M into
final products by industrial processes.

The operations processing are number of processes which are: physical,
chemical and mechanical that occur on the raw material (R. M) to convert
them into products .

Those processes were done in specific equipment called reactors by three
steps:

1-Transfer the Raw Materials (R. M) components into the reactor.
2- A physical processes or chemical reaction which occur in the reactor
3-Removing the products, separate and purified them
There are two type of system in the industrial operations processes:
1- Batch systems
2-continous systems

The Batch systems

The batch system in which specific quantity of raw materials is introduced
into the reactor, and a number of changes are occurs then the products are
withdrawn after that.

Afterward, the product is moved to the subsequent stage like purification
or crystallization and packing.

After withdrawn the products the processes is repeat again and so on.



Industrial operations
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In this system there is a determined time between introducing the raw
materials and removing the products.

The characterization of this system:

*number of workers

*the equipments are more complex than continuous system
*controlling on this system is difficult

*controlling the quality standard for this system is difficult because it
depends on many factors for each batch like skill of workers and
conditions of reaction or processes.

So, this system is used for small scale production or in some cases
depends on the physical properties of the reactants.

Example of batch industries:-

Like soap production, pharmaceutical products, suspension
polymerization.

The continuous systems

Continuous system in which feeding the raw material is continuous into
the reactors with removing the products also continuously i.e the process
IS continues without stopping.

The characterization of this system:
- large production
- control accurately on the condition of the processes.

- the mechanical controlling is easy



-controlling on the quality standard because the automatic controlling on
the processes

-many investors prefer this system because it is more economic and does
not need much number of workers

- but it is more expensive
Example of continuous industries:-
Like; Cement industry, petroleum refineries, fertilizers .....etc.
However, there are two types of industrial operation processes-:

A-Physical processes.
B- Chemical processers:

Physical processes in industrial operations:

Physical processes are the operations in which there are no changes in
chemical structure of used materials and include the following operations:

1- Transporting processes: they are the first physical process, like
transportations the R. M. by ships, track, trains, or using pipes to transport
gas and liquid.

2- Grinding and crushing processes: in this operation the surface area of
the solid substances (R. M.) will highly increase. For instance change the
solid substances (R. M.) from rocks into powder or the granules into fine
powder.

3- Dissolution: the processes include dissolving solid in liquid, melting
(conversion of solid to liquid) or diffusion and evaporating (conversion of
liquid to gas) processes.

4- Mixing processes: This processes are used to increase the rate of
reactions, like mixing of two immiscible liquid (emulsion: water with fat
natural butter) and mixing dyes.

5- Separation methods:



The common aspect of all separation methods is the requirement two
phases. The desired substance distributes between the two phases in
definite manner and the separation is completed by physically
separating the two phases.

Based on the nature of the second phase the more commonly used
methods of separation are classified as follows:

1- Methods involving a solid second phase include precipitation,
electrodeposition, adsorption, ion exchange and crystallization.

2- Method involving a liquid second phase is solvent extraction, in
which the original solution is placed in contact with another liquid
phase immiscible with the first.

3- Method involving a gaseous second phase includes gas evolution,
distillation and sublimation.

Thus the separation process methods involve;

A- Mechanical separation .

B- Electrostatic and magnetic separation.
C- Thermal separation :

*Distillation processes

*Evaporation processes

D- Physicochemical separation:

a- Extraction

b- Crystallization

c- Adsorption

d- Absorption

A- Mechanical separation:

All mechanical separation methods are based on differences in phase
density, phase fluidity, mechanical properties of the materials as size,
shape and density, and surface charge and magnetic susceptibility. This
can be done in many ways:

1- Classification: separation of solid from solid by;
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Floating in air process like (separation of rice from its shells). Also
floating on water which used to separate raw materials by using air
bubbles pumped into the mixture. The water layer surrounding mixture
can be replaced by another substitute which stick to the air bubbles and
float out these substance called collectors like RCOOH, RSH, and
amines.

2- Centrifugation: (solid from liquid) is used for separation of solids
from liquids depending on the particles settling velocity by using
centrifugal force. Centrifugation is a function of particles size and
shape, the density between the particles and the viscosity of the liquid.
For example:

It is used in chemical food industries.

Centrifugation is the most common method for uranium enrichment,
relaying on slight mass difference between atoms of U238 and U235 in
uranium hexafluoride gas.

3- Filtrations (solid from liquid and gas) are used to separate particles
and fluid in suspension where the fluid can be a liquid or a gas.
Commercially the term filter is applied to membranes where separation
lattice so thin.

4- Pressing (liquid from solid) is used to separate liquids from solid
having spongy nature (for agriculture substances like separating oils
from fruit and water from red beet sugar from sugarcane).

B- Electrostatic and magnetic separation methods:

It is used for separating (mineral grains) solid from gas according to
their electrostatic affinity and it means charging with static electricity
and separating them by passing them through an electric field.

This method is important in industry and it is used for:

1- Purification of atmosphere air from the harmful lead (Pb) dust.

2- Decreasing dust effect on metals surface (cause corrosion).

3- Economic importance (expensive mineral dust).

Magnetic separation is a process in which magnetically susceptible
material is extracted from a mixture using magnetic force.
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When minerals are placed in a magnetic field there are two
classifications of magnetic particles.

Strongly magnetic particles ( ferromagnetic) such as (iron, Co, Ni)and
weakly magnetic particles (paramagnetic) such as rutile , and chromite,
particles that are repulsed by magnetic field called (Asbestos,
limestone, and quartz) .

One of the largest uses for magnetic separation currently is in recycling
industry, where wire and material made from copper and aluminum are
separated from plastics, product such as plastic, and glass simply fall
off the end of the separator.

C- Thermal of separation methods:

This method can be done by several techniques:

1- Distillation process is the process of heating a liquid until it boils
then collecting the condensed vapors by cooling.

Distillation is used for both identification and purification of organic
liquid compounds. Distillation is used to purify a compound by
separating it from a non-volatile material and can be divided into;

a- simple distillation: it is important for purification and
identification (determine of boiling point of liquid).

b- Fractional distillation: it is used when we have mixture of liquids
whose boiling point are much closed and cannot be separated by a
simple distillation, separated by less than 25. Hence, fractional
column (packed, or column with trays) is used.

c- Vacuum distillation: is distillation at a reduced pressure (since the
boiling point of a compound is lower at low pressure). It is used to
distill compounds that have a high boiling point or any compound
which might undergo decomposition on heating at atmospheric
pressure. The vacuum can provide by a mechanical pump.

d- Aztropic distillation: the behavior of lower constant boiling point
b. p. mixture simulates that of a pure compound becomes the
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composition of the liquid phase is identical to that of vapor phase
(this mixture is called azotropic mixture). The methods depend on
the components of the binary azotropic mixture and include
distillation with third substance. This method is very important in
industry for promotion of absolute ethanol from azotropic mixture.

CoHsOH + H,O + CgHg  --------- » CoHsOH + Ce¢Hg + H,O Distillation at 66.85

Absolute 99.9%

2- Evaporation process: it is a type of phase transition by which molecules

in liquid state (e.g. water) spontaneously become gaseous (e.g. water vapor)
it is used to increase the concentration of solution by vaporization of water

from it like production of sugar or sodium hydroxide manufactures.

The factors affecting the rate of vaporization:

a- Concentration of the substance evaporating in air; at high concentration
causes low evaporation and low concentration high evaporation \Why.

b- Pressure: at less pressure evaporation happens faster. Why

c- Surface area has larger surface area will evaporate faster.

d- Temperature: if the substance is hotter, evaporation will be faster.
e- Density: the higher density the slower liquid evaporation.

It is, also, used in a cloth dryer (hot air is blown through the clothes allowing
water to evaporate rapidly).

D- Chemo-physical separation methods:
1- Extraction:

Extraction is a process of separation of an organic compound from a solution
or suspension in a liquid by shaking with second solvent in which organic
compound is soluble. Diethyl ether is very widely used owing to its powerful
solvent.



An industrial process will use an extraction step in which solutes are
transferred from aqueous phase to the organic phase this is often followed by
scrubbing stage in which unwanted solutes are removed from the organic
phase.

To increase the efficiency of extraction by:

a- increase the surface area of used substances.

b- Increase the temperature using in the process.

c- Evaporate the solvent to get the solute by crystallization or precipitation.
2- Crystallization:

Is a chemical solid, liquid separation technique in which the dissolved solute
is transferred from solution into a pure solid crystalline phase like;
crystallization of NaCl from water. Crystallization process consists of two
major events, nucleation and crystal growth in which the solution must be
supersaturated.

This may be achieved by:
a- solution cooling

b- Addition of a second solvent to reduce solubility of the solute (solvent-
dissolvent technique)

c- Chemical reaction (precipitation)

d- Change in pH.

e- Solvent evaporation.

For example:

Salt powder for food industry and production of sucrose from sugar beet
3- Adsorption:

The adsorption is a process that occurs when a gas or a liquid solute
accumulates (collects) on the surface of a solid (adsorbent), forming a
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molecular or atomic film (adsorbate). The binding to the surface is usually
weak and reversible unless a chemical bond is formed.

For example:

Adsorption is used for removing soluble substances from water by activated
carbon (solid). It has a very high internal surface area (between 500-1500
m?\g). The active carbon comes in two variation, powder activated carbon
(PAC) and granular activated carbon (GAC).

The (GAC) version is mostly used in water treatment. It can be adsorb the
following substance:

Mineral oil, poly aromatic hydrocortisone, phenol, halogenated substance,
odor, taste, yeast, and non-polar substance.

The desorption process is the reverse process (the isolation adsorbate from
surface of adsorbent).

This can be achieved by various methods:
a- increase the temperature to separate the adsorption.

b- using of another substance which more adsorption force than the
adsorbate.

c- By passing a water vapor on the surface of adsorbate (or N, CO, gases) to
separate the adsorbate. \What the Adsorbate and Adsorbent means?

4- Absorption:

It is a process when a gas is taken in a solution the substance (gas) diffuses
into liquid. Sometimes a chemical bond is formed between the gas and the
liquid like absorption of CO, in NaOH solution (stable).

CO, + NaOH -——- Na,CO3; + H,O

Or unstable like absorption of CO by Cu,Cl, the process is usually carried
out by solid packed column (ceramic) (coal)
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Sorption includes both processes (adsorption, desorption and absorption)

10



