


Chemical industry:

The chemical industry exists to increase wealth, or add value (primarily of the
shareholders in the companies which make up the industry), by taking raw
materials such as salt, limestone and oil, and turning them into a whole range of
chemicals which are then either directly, or indirectly, converted into consumer

products.
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Chemical industry is a vast industry that incorporates all different
types of product producing industries whose generation is based on heavy
use of chemicals. Usually, industries that are involved with industrial

chemical generation are broadly known as chemical industry.
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What are the 5 most common industrial chemicals?
v' Sulfuric Acid (H,SO,) Sulfuric acid is the most commonly-produced
industrial chemical in the world.

v' Ethylene (C,H,) Over 150 million tons of ethylene is produced every year,

more than any other organic compound.
v Sodium Hydroxide (NaOH)
v" Propylene (C;Hy)

v" Nitrogen (N,)
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How is ethylene produced?

Usually via steam cracking of crude oil.

Over 95% of the worldwide annual commercial production of ethylene 1

currently based on steam cracking of petroleum hydrocarbons.
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Sodium hydroxide 1s an inorganic compound vital to many industries. It’s used
for industrial applications ranging from paper production to textile development
to cleaning agent manufacturing; over 70,000,000 tons are produced each year.
It is typically derived as a co-product during the manufacture of chlorine. Its
popularity rests largely on its inexpensiveness and its ability to “scrub” gases to

effectively remove acids during burning.
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Sodium Hydroxide, or Caustic Soda, is made via the electrolysis of brine in a
process known as the chlor-alkali process. During electrolysis, an electrical
current is used to cause an otherwise non-spontaneous chemical reaction; in this

case, the decomposition of salt.
Reaction at the anode:
2CI"—Cly+2e"

Reaction at the cathode:

ZNa™+2e —2Na

Brine Cell

2Cl=Cl; + e

MNa +e = Na

MNa + Hg = Na/Hg
Soda Cell

2 Na/Hg + 2 H>0O = 2NaOH + H> + 2Hg
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Water and Carbon DI-
oxide Removal
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BASF SE Headquarters Germany
Sector Chemicals
i
Parent/Subsidiary/IndependentParent
Premium Data
Annual Revenue ($M) 92,938
Il
u
Dow Inc Headquarters United States of America
Sector Chemicals -
£ Parent/Subsidiary/IndependentParent
] Premium Data

Annual Revenue {$M} 54,968

-
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BASF in 1866:
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Saudi Basic Industries Corp

i\ Premium Data

0 LyondellBasell Industries NV

Premium Data

Headquarters Saudi Arabia
Sector Chemicals

Parent/Subsidiary/IndependentSubsidiary (of Saudi Arabian Qil Ca)

Annual Revenue ($M) 46,682
Headquarters United Kingdom
Sector Chemicals

Parent/Subsidiary/IndependentParent

Annual Revenue ($M) 46,173
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Mitsubishi Chemical Group Corp

Premium Data

3MCo

Premium Data

Headquarters Japan
Sector Chemicals

Parent/Subsidiary/IndependentParent

Annual Revenue ($M) 35,405
Headquarters United States of America
Sector Industrial Goods and Machinery

Parent/Subsidiary/IndependentParent

Annual Revenue ($M) ‘35,355
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Linde plc

Premium Data

Air Liquide SA

Premium Data

Headquarters United Kingdom

Sector Chemicals

Parent/Subsidiary/IndependentParent

Annual Revenue ($M) 30,793
Headquarters Francs
Sector Chemicals

Parent/Subsidiary/IndependentParent

Annual Revenue ($M) 27,592
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Sumitomo Chemical Co Ltd

Premium Data

Henkel AG & Co KGaA

Premium Data

Headquarters Japan
Sector Chemicals

Parent/Subsidiary/IndependentParent

Annual Revenue ($M) 24,619
Headquarters Germany
Sector Consumer Packaged Goods

Parent/Subsidiary/IndependentParent

Annual Revenue _[$M) 23997
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Chemical Processes:

Every industrial process is designed to produce a desired product from a variety
of starting raw materials using energy through a succession of treatment steps
integrated in a rational fashion. The treatments steps are either physical or

chemical 1n nature.

%
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Unit processes:

Unit processes are the chemical transformations or conversions that

are performed in a process.

Table 1.1  Examples of unit processes

Acylation Calcinations Dehydrogenation Hydrolysis
Alcoholysis Carboxylation Decomposition Ton Exchange
Alkylation Causitization Electrolysis Isomerization
Amination Combustion Esterification Neutralization
Ammonolysis Condensation Fermentation Oxidation
Aromatization Dehydration Hydrogenation Pyrolysis
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Aromatization:

Aromatization is a chemical reaction in which an aromatic system is formed
from a single nonaromatic precursor. Typically aromatization 1s achieved by
dehydrogenation of existing cyclic compounds, illustrated by the conversion of

cyclohexane into benzene.

G00"C aO0MC
C [':[j_‘._—.-']"n.l:‘: .]_; ( ‘I'::{ -].:-."1';] _:': :'.;.
- —_— -
H. 3H-
cvelization benzene

hexane cyclohexane
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Fermentation:

Fermentation 1s a reaction wherein a raw material 1s converted into a
product by the action of micro-organisms or by means of enzymes.
When micro-organisms are used, they produce enzymes in-situ which

then catalyze fermentation reactions.

sUGAR YEAST ALCOHOL & CO2
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1- Microbial fermentations promoted by micro-organisms:

Micro-organisms include bacteria, viruses, fungi and protozoa. During

microbial fermentation, a raw organic feed 1s converted into a product

by the action of micro-organisms.

: Alcoholic drinks
/- —— A
/
/ Lactic aciq 1 Lactic acid Lactic acid
/ A acticaci bacteria (yogourt)
Fermentation %
B .. I Aceticacid [ Acetic acid
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What Is Molasses?

Molasses is a thick, dark syrup made during the sugar-making process.
First, the sugar cane is crushed and the juice is extracted. The juice is then
boiled to form sugar crystals and removed from the liquid. The thick,

brown syrup left after removing the sugar from the juice is molasses.
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Saccharomyces cerevisiae contains two main enzymes Invertase and
Zymase. Invertase converts sucrose present in the sample to glucose and
fructose, while zymase converts it finally to ethanol and CO,. A fixed
volume of fruit extracts were fermented anaerobically by

Saccharomyces cerevisiae.

- Invert
CiaH2041 + HaO bicbei i » CeH120g + CgHi120g
In yeast glu cose fructose

CfrH].E CIE: .ﬁ.':,"ﬁ'!E'lEE' > ECEHEDH + 2{:':'2
glucose in yeast ethanol carbon dioxide
or fructose
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Manufacture of Fermentation Ethanol:

Biomass raw materials include those containing sugar, starch and
cellulose. The sugar-containing raw materials include sugar cane, sweet
sorghum, sweet potatoes, sugar beet and molasses. These materials
contain disaccharides which are easily hydrolyzed by water to reducing

sugar (glucose and fructose) in equations similar to the following:

(‘IZHZZOII + H20 —> (‘6H1206 + (‘6H1206

Sucrose glucose fructose
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Several viable yeast strains exist but the most commonly used strain is
saccharomyces cerevesie. These yeasts produce enzymes that catalyze
the reaction that converts substrate into energy for the yeast and ethanol.
During reproduction, the fermentation yeast produces enough enzymes
needed for the alcoholic fermentation. These enzymes will continue
fermenting far beyond the yeasts’ need for energy and even long after

reproduction has stopped. This is the fact that is exploited industrially.
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saccharomyces cerevesie
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Yogurt:

Contains bacteria that are “thermophilic” = heat loving.

Two main types of Lactic Acid Bacteria:
Lactobacillus:

* meaning “milk” and “rod”

* over 50 different species

* found on plants and in the digestive system of animals such as cows and humans.

Lactococcus:
» meaning “milk” and ‘“‘sphere” because of its shape
» found primarily on plants

» less common than lactobacillus
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Milk Yogurt

~ Casein protein micelles . .
 (bundles) Bacteria produce acid

107 meters in diameter

Acid causes
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Unit Operations:

There are many types of chemical processes that make up the global
chemical industry. However, each may be broken down into a series of

steps called unit operations.

These are the physical treatment steps, which are required to:

* put the raw materials 1n a form in which they can be reacted chemically

e put the product in a form which i1s suitable for the market
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Atomization:

Atomization refers to the disintegration of a liquid into droplets in a
surrounding gas. The characteristics of the spray are highly dependent

on the spray nozzle type.
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Flow Diagrams:

A picture says more than a thousand words.
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Some chemical processes are quite simple; others such as oil refineries
and petrochemical plants can be very complex. The process description
of some processes could take a lot of text and time to read and still not
yield 100% comprehension. Errors resulting from misunderstanding

processes can be extremely costly.
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Block Diagrams:
This is a schematic diagram, which shows:

e what is to be done rather than how it is to be done. Details of unit

operations/processes are not given
e flow by means of lines and arrows

e unit operations and processes by figures such as rectangles and

circles

e raw materials, intermediate and final products
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A block diagram for a sulphuric acid plant

Fig 1.1




Process flow diagram (PFD):

Communication is improved 1f accepted symbols are used. The

advantages of correct use of symbols include:

» the function being performed i1s emphasized by eliminating distractions

caused by detail

* possibility of error that 1s likely to occur when detail 1s repeated many

times 1s virtually done away with

Flow sheet symbols are pictorial quick-to-draw, easy-to-understand

symbols that transcend language barriers.
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Mass balance:

Mass balance calculations serve the following purposes:

1. They help us know the amount and composition of each stream in the

Process.

2. The calculations obtained in 1 form the basis for energy balances through the

application of the law of conservation of energy.

3. We are able to make technical and economic evaluation of the process and
process units from the knowledge of material and energy consumption and

product yield obtained.

4. We can quantitatively know the environmental emissions of the process.

Dept. of Applied Chemistry - UMZ






Process Classification:

Three type of process:

2- Continuous process

Input and output is continuously fed and remove from the process

Operate in steady state

Used for large scale production
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Balances:
General Balance:

A balance on a conserved quantity (total mass, mass of a particular
species, energy, momentum) in a system ( a single process unit, a
collection of units, or an entire process) may be written in the following

way:

INPUT + GENERATION - = -
ACCUMULATION
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Simplified Rule for Mass Balance:

If the balanced quantity is TOTAL MASS, set generation = 0 and

consumption = 0. Mass can neither be created nor destroyed.

If the balanced substances is a NONREACTIVE SPECIES (neither a

reactant nor a product), set generation = 0 and consumption = 0.

If a system is at STEADY STATE, set accumulation = 0, regardless of

what 1s being balanced.
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Balances on Batch Process:
From GMBE: (input=0; output=0):

Generation — Consumption = Accumulation

For batch reactor:

Accumulation = Final output — Initial Input

Final GMBE for batch process:

Initial input + Generation = Final output + Consumption
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Mass balance calculation procedure:

The general procedure for carrying out mass balance calculations 1s as

follows:

1. Make a block diagram (flow sheet) over the process

2. Put numbers on all the streams

3. List down all the components that participate in the process.

4. Find the components that are in each stream and list them adjacent to

the stream 1n the block diagram

5. Decide on an appropriate basis for the calculations e.g. 100kg raw

material A, 100kg/hr A, 1 ton of product, 100 moles reactant B etc.
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6. Find out the total number of independent relations. This 1is

equivalent to the total number of stream components.

7. Put up different relations between stream components and

independent relations to calculate concentrations
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Example:

Three raw materials are mixed in a tank to make a final product in the
ratio of 1:0.4:1.5 respectively. The first raw material contain A and B
with 50% A. The second raw material contain C while the third raw
material contain A and C with 75% A. Assuming a continuous process at

steady state, find the flow and composition of the product.
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- 3

S, T

- 3. Listdown all the components that participate in the process.

e The components are A, B and C.

4. Find the components that are in each stream and list them adjacent to the stream
in the block diagram.

Let W represent composition by weight.

l F,W,




.]\f‘:.‘ T = \ ﬂ:‘ .,

= S
. 5. Dcc1de on an apprupnatﬂ basis for the calculations.

Let us use as basis 100 kg/hr of the first raw material

6. Find out the total number of independent relations. This is equivalent to the total
number of stream components.

Bl°

» l.' The total number of independent relations= the total number of stream components
4 *“» Stream components are W, W, . W, W, W_ W, W, W,
i e Therefore total number of mdependcnt relations=8

,!'f 7. Putup different relations between stream components and independent relations
8 to calculate concentrations
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o r_‘--,_ T =t \ ﬂt Q
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We need at t least 8 mdepcndent mathematical relations to enable us solve the problem.
These are:

* Basis: Stream F_ 1s 100kg
*  The ratio of the three raw materials
& c W,,i550%
L Wi to0m
B - wis2s%
~+  Material balance for A
-+ Material balance for B
J = Material balance for C

;'.L- ~ We have the required number of independent relations and we can proceed to do the
- = calculations.
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WE! start wﬂh the general balance equation:

Neves

Accumulation = Flow in — Flow out + Production — Consumption
For a mixing reaction. production and consumption are zero. Therefore:

Accumulation =(F, +F,+F,) - F,
where the flow rates are in kg per hour.
i ‘ﬁ Because the system is at steady state. accumulation is zero. and:
"X, F, =F +F,+F,
~ From the ratio of input flows. F,=0.4X(100/1) = 40kg
=== F, = 1.5X(100/1) =150kg

Therefore F, = 100 + 40 + 150
= 290kg
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The next step is tﬂ find the quantities of A. B and C in F,. To do this. we shall write
the mass balance equation for each of these three cﬂmpﬂnents assuming no accumu-
lation. For A:

Accumula’r:iﬂn =Flow in, — Flow out, + Production, — Consumption,

- Accumulation, = 0= (F,W, +F W,+F, W)~
0= 100(0.5)+40(0) + 150(0.75) — 290W,
= 162.5-290W,,
W, = 162.5/290




o A a
T [l
IR Snmlar ba]ances are dﬂﬂE for Band C:

Yy

Accumulatmng = 0= EW,;,TEW +FEW.0-F W,
0 = 100(0.5)+40(0) + 150(0) — 290W_,
= = 50-290W,,
4 ﬁf W, = 50290
R = 017
3  Accumulation, = 0 = (F, W, +F, W, +F, W) -F, W,
L 0 = 100(0) +40(1) + 150(0.25) — 290W ,
S = 77.5-290W_,
W, = 77.5290 -

~ 3

= K2y




It is always good to check answers for consistency. We do this by summing the
weight fractions:

W, +W_, W_=056+0.17+027=1.0

This proves that the solution 1s right.

8. Tabulate results.

Stream Components | Kg/hr 2Kg % 2%
1 A 50 50

B 50 100 50 100
2 L 40 100 100 100
3 A 2.5 33

C 375 150 25 100
- A 162.5 56

B 50 17

C 77.5 290 27 100
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