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Basic Concepts and Terms

Lesson outcomes:

A2.2.1 – Understand the principles of material and energy balances.

Exemplar material balances based on rudimentary designs.

A2.3.1 – Be familiar with, and able to apply, a range of appropriate tools such as dimensional analysis and

mathematical modelling.

For unit conversion.

Tasks:

1. Get organised, which involves a copy of the notes, a pen/pencil and appropriate recording material.

2. Note the date and read the lecture help sheet to familiarise yourself with the lecture outcomes.

3. The learning environment – Explore the style and type of learning environment the department has to

offer.

4. Who we are and what we do? – Explore the concepts of being a chemical process engineer. Through an

understanding of what we are expected to do you gain an insight into what we are expected to understand.

5. Concept of Process Design Engineering – Investigate the fundamental concept behind process design,

explore the fact that no single event can be interpreted in a single manner and how diversity comes from

the interpretation of need.

Keywords: skills, independence,

cooperation

Lesson objectives: To provide an understanding of the fundamental material and energy balances that

underpins process engineering. To provide knowledge and understanding of the methods of calculating material

and energy balances around a process flowsheet and to practical laboratory experience in engineering

processes.

Safety Considerations: N/A
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Tasks:

6. Glossary of Chemical Process Terms – Interpretation is an important factor when it comes to recall and

understanding. The glossary of terms used by engineers is vast and sometimes very specific. Remembering

them all would be a huge challenge, but some are more essential than others. Explore the selection of

terms and try to create some triggers to aid your recall, something that will allow you to later remember

what they mean.

7. The Kroll Process – You have explored the concept of process design, now apply the concept to the actual

industrial examples. Discuss and debate the assignment of the process design to the Kroll Cycle, see how

that all processes have elements that are related.

8. Exit Tickets – Explore what you learnt in the lecture, establish the areas you are strongest in and those

that you require assistance.

Further reading: Read through the notes for the next lecture, over the next two weeks we are going to be

doing a lot of mathematic principles and it would be good if you could have an idea of the direction prior to the

lectures.
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Basic Concepts and Terms

Process Engineering – There is no universally accepted definition of Process Engineering so: Process

engineering focuses on the design, operation and maintenance of chemical and other process manufacturing

activities.

Process engineering is often a synonym for chemical engineering but process engineers are found in a vast

range of industries, such as the petrochemical, mineral processing, material, Information Technology, food

and pharmaceutical and biotechnological industries. Process engineering also involves developing new

processes, project engineering and troubleshooting.

In most cases, chemical engineering is to design and operate chemical processes safely to produce useful

products with:

1. Minimum input of energy, raw material and labor,

2. Simplest equipment, route(s) and operation(s).

3. Least wasteful and harmful by-products, which do not influence production, products, facilities, devices,

So how does the Environmental Engineer fit into this picture?

To prevent chemical processes from damaging environment and life.

Processes –

Common Sense: A process is the course of something moving

or changing from one position or state to another in a period,

or continuously. Examples: The Sun rises from the east and

falls to the west in about 12 hours; this lecture starts from 9

am and finishes at 9:50am; eyes blink because....

Thermodynamics: The variation or change that takes place

over a certain time or continuously in a system (an open or

isolated collection of substances or vacuum under

consideration). Examples: A balloon expands due to the

temperature rise in air; The heat from a radiator warms up a

room; the entropy of an isolated systems increases

continuously......

Engineering: A process is any operation or series of operations

by which a particular objective is accomplished. (Felder &

Rousseau) In terms of engineering, a process may or may not

include spontaneous or naturally occurring phenomena.
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Chemical Processes – These are processes in which substance(s), including chemical(s) [substance(s) whose

reactivity is of interest or concern], undergo chemical or physical changes at a constant or varying rate, often

accompanied by energy input and/or release, to give rise to new substance(s) or new state(s) of the

substances.

Chemical changes: reactions in which added substances

(reactants) are consumed and new substances

(products) are formed in terms of molecular differences.

Physical changes: changes beyond molecular level

caused by heating/cooling, mixing/separation,

evaporation / condensation / solidification.

Chemical changes: Physical changes:

An engineered chemical process (or a chemically engineered process?) is an operation that causes chemical

and/or physical changes in a substance or mixture of substances. You should be able to identify 6 stages.

Concept of Process Design Engineering

The feed/input of a chemical process includes both consumable (reactants and/or energy) and non-

consumable (catalysts, reaction media, product carriers and etc.) substances.

The product/output from a chemical process includes materials (metals, ceramics, polymers), medicines,

functional chemicals (pesticides, dyes/pigment), fuels (petrol and gas), and/or various forms of energy (heat,

electricity, light, work).

D. The identification /
sourcing of raw
materials / feedstock.

A. Involves collection /extraction /
reaction/ separation of the useful
product(s).

C. Handling the by-
product(s).

E. Recycling non-reactive
or unreacted feed
material(s).

B. The feed in reactors, through controlled
reactions ( at a maximum and safe rate),
undergoes conversion to useful product(s) and
unwanted by-product(s) (output).

F. input or feed plus
energy entering the
process
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Glossary of Chemical Process Terms
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The Kroll Process (Summary)

Carbo-chlorination
(~900oC)

TiO2 (rutile) + 1.5 C + 2Cl2 (g) → TiCl4 (g) + 0.5 CO2 (g) + CO (g)

Magnesium reduction
(~900oC, some heat from reaction, slow)

TiCl4 (g) + 2 Mg → Ti (sponge) + 2 MgCl2

Vacuum distillation (>1000oC, slow)

Pneumatic collection

Electrolytic recycling of by product
(~500oC, molten salt, continuous)

MgCl2 → Mg + Cl2 (g)

The Kroll Process is a multi-step and batch type pyrometallurgical process and runs for a couple of weeks to produce a few
tonnes of titanium sponge in a modern reactor.

The Haber process is an artificial nitrogen fixation process and is the main industrial procedure for the

production of ammonia today. It is named after its inventors, the German chemists Fritz Haber and Carl

Bosch, who developed it in the first half of the twentieth century. The process converts atmospheric

nitrogen (N2) to ammonia (NH3) by a reaction with hydrogen (H2) using a metal catalyst under high

temperatures and pressures.


