
Cairo University
Faculty of Engineering
Chemical Engineering Department

Introduction to 
Chemical Engineering
(Chem.E)

Dr. Ahmed Gaber

May 2022 v12



Outline

1. Introduction
2. What is a Chemical Engineer ?
3. Where Do Chemical Engineers Work ? 
4. What is Special about Chem.E ?

5. Process Flowsheets as a Chemical Engineering Language
6. Chemical Engineers Past Achievements 

7. Chemical Engineers Engagement in Future Achievements
8. The Building Blocks of Chem.E Education

9. Concluding Remarks



1. Introduction 

• Chemical engineering is one of the big four 
branches of engineering: civil, mechanical, 
electrical and chemical

• Chemical engineering is one of the most 
dynamic progressive fields of engineering

• Chemical engineering is well established in 
Egypt ( see next slide )

• Chemical engineers are very well recognized 
all-over the world



Chemical Engineering Departments in Egypt

• Cairo University: 1942
• Alexandria University: 1946
• Military Technical College:  1962
• Menya University:  1978
• 10th of Ramadan Technical Institute:  1990
• Al Sherook Academy:  1998
• British University in Egypt (BUE): 2006
• Badr University in Cairo (BUC): 2016 



2. What is a Chemical Engineer?

A good way to answer this question is to show the 
difference between the scope of work 
of “Chemists” and “Chemical Engineers”. 

The following illustrative example will  show:
§ The link between the two fields
§ The applied tools by chemists and chemical 

engineers

لمع لاجم



Illustrative Example    يحیضوت لاثم

A chemist working in the Research and 
Development (R&D) Department 
in a chemical company discovered a process 
for producing a new valuable substance “C”. 
The reaction he applied is as follows:
A + B à C + un-reacted A + un-reacted B

The work of the chemist in the Lab may be 
illustrated as follows: 

ریوطتلاو ثوحبلا مسق



All photos in this presentation are taken from photo galleries available on the web. 

The Chemist and Her/His Laboratory Apparatus

 مولعلا ةساردب لھََّؤُی يئایمیكلا
 مولعلا تایلك يف ةیئایمیكلا
 قیلخت تاراھم بستكیو
 يف اھلیلحتو ةیئایمیكلا داوملا
.ةصصختم لماعم

 يلع مملأل يملعلا مدقتلا دمتعی
:ةعبرلأا ةیساسلأا مولعلا
تایضایرلا•
ةیجولویبلا مولعلا•
ةیئایزیفلا مولعلا•
ةیئایمیكلا مولعلا•
 مملأل يملعلا مدقتلا مزلاتیو
 ةیناسنلإا مولعلا يف اھمدقت عم
.ةیعامتجلااو



Inputs Description of Work in the Lab Outputs

10 ml  A
10 ml  B

Heat energy
source

Tap water
for Cooling

Filtration

Drying

Substance C

Filtrate as waste to 
Sink

PRODUCT: one gram of C

Used tap water for 
cooling to sink

Precipitated C

Glass rod 
for 
mixing

Process Description as Done in the Laboratory
ةیئایمیكلا لماعملا يف يرجت امك تایلمعلا فیصوت

RAW 
MATERIALS



From Laboratory-Scale to Industrial-Scale
ةعانصلا يوتسم يلا لمعملا يوتسم نم لاقتنلاا

After a lot of discussions and studies (?), the 
company decided to build a chemical plant to 
produce substance C with a production capacity 
of 1 ton/day.

Laboratory scale production: 1 gm/day
Industrial scale production:  1,000,000 gm/day

Scale-up factor: 1,000,000

 يوتسم نم لاقتنلاا تررق اھنأ ينعیC  ةداملا نم ایموی نط جتنت نأ ةكرشلا رارق
رارقلا اذھ ذیفنت تابلطتم يرن فوسو ،يعانصلا جاتنلإا يوتسم يلا يلمعملا جاتنلإا



Laboratory-Scale                         Industrial-Scale

Storage of Liquid Raw Materials
ةلئاسلا داوملا نيزخت

In the Laboratory                                                         In the Chemical Process Plant

Chemical Engineering Study Courses:
• Fluid Mechanics
• Vessel Design

 نیزختل تاجاجز يئایمیكلا مدختسی لمعملا يف
 مدختسی عنصملا يف.ةلئاسلا تایوامیكلا
 بسانی میمصت تاذ تانازخ يئایمیكلا سدنھملا
اھنیزخت مزلی ةیئایمیك ةدام لك

Tanks



Liquid Transport

Chemical Engineering Study Courses:
• Fluid Mechanics
• Materials Handling

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 لقنل ”ةصام“ يئایمیكلا مدختسی لمعملا يف
 سدنھملا مدختسی عنصملا يف ،ةلئاسلا تایوامیكلا
 ةدام لك بسانی میمصت تاذ ”تابملط“ يئایمیكلا
عنصملا يف ناكم يلا ناكم نم اھلقن مزلی ةیئایمیك

ةلئاسلا داوملا لقن

Pumps



Chemical Reactors
ةيئايميكلا ت34عافملا

Chemical Engineering Study Courses:
• Reactor Design
• Organic Technology

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 ءارجلإ ”يجاجز ءانإ“ يئایمیكلا مدختسی لمعملا يف
 سدنھملا مدختسی عنصملا يف ، يئایمیكلا لعافتلا
تلاعافتلا ءارجلإ ”ةیئایمیك تلاعافم“ يئایمیكلا

Reactor



Chemical Reactors
ةيئايميكلا ت34عافملا

Tubular 
reactors as 

one example 
of chemical 
engineeres 

creative 
design work



Mixing of Liquids
ةلئاسلا داوملا طلخ

Chemical Engineering Study Courses:
• Unit Operations
• Electrical Engineering

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 بیلقتل”يجاجز بیضق“ يئایمیكلا مدختسی لمعملا يف
يئایمیكلا سدنھملا مدختسی عنصملا يف ، داوملا

 دوی يتلا داوملا ةیعون بسانی میمصت تاذ ”تاطلاخ“
اھطلخ

Mixer



Cooling and Heating
نيخستلاو ديربتلا

Chemical Engineering Study Courses:
• Heat Transfer

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 دیربتلل ةیجاجز ةزھجأ يئایمیكلا مدختسی لمعملا يف
 يئایمیكلا سدنھملا مدختسی عنصملا يف ،نیخستلاو
 يف ةءافك يلعأ ققحی میمصت تاذ ”ةیرارح تلادابم؛
ةرارحلا لاقتنا

Heat exchanger



Side Note: understand what counter-current heat 
transfer means, from Dolphins!

 يف تلامأت
 لاقتنا ةرھاظ
 يف ةرارحلا

 ةیحلا تانئاكلا
 ناردج ربع

 نییارشلا
ةدرولأاو



Filtration
حيشرتلا

Chemical Engineering Study Courses:
• Unit Operations
• Mechanical Engineering

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 ةقروو يجاجز عمق يئایمیكلا مدختسی لمعملا يف
 يف ،لئاسلا نع ةقلاعلا ةبلصلا ةداملا لصفل حیشرت
 تاذ تادعم يئایمیكلا سدنھملا مدختسی عنصملا
حیشرتلا ةیلمع ءارجلإ صاخ میمصت

Industrial filter



Drying
فيفجتلا

Chemical Engineering Study Courses:
• Drying (UO)
• Mechanical Engineering
• Heat Transfer

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 ”ةعاس ةجاجز“ يئایمیكلا مدختسی لمعملا يف
 يف ،فیفجتلا ةیلمع ءارجلإ يلمعم ففجمو
 تاذ تادعم يئایمیكلا سدنھملا مدختسی عنصملا
 ةبلصلا داوملا فیفجتل صاخ میمصت

Industerial dryer



Distillation
ريطقتلا

Chemical Engineering Study Courses:
• Distillation (UO)
• Heat Transfer
• Vessel Design

Laboratory-Scale                         Industrial-Scale

In the Laboratory                                                         In the Chemical Process Plant

 ریطقتلا زاھج يئایمیكلا مدختسی لمعملا يف
 مدختسی عنصملا يف ،لئاوسلا ریطقتل يجاجزلا
 ریطقتل ”ریطقتلا جاربأ“ يئایمیكلا سدنھملا

لورتبلا تیز لثم لئاوس

Distillation towers



يئایمیكلا لمعم يئایمیكلا سدنھملا عنصم

 عناصملا میمصت يف ةماھ تایلوؤسمب نویئایمیكلا نوسدنھملا علطضی
 اھلیغشتو اھئاشنإو



3. Where Chemical Engineers Work ?

 يتلا ةیئایمیكلا عناصملا لیغشتو ءاشنإو میمصت وھ يئایمیكلا سدنھملا لمعل مھلأا لاجملا
 نیزختل  ةیلاتتم تادحو نم ةنوكم يھ يتلاو ،ةیئایمیكویبلا عناصملا لمشتل نلآا تروطت
 ءارجاو، اھطلخو اھلقنو ،ةیعانصلا تایلمعلا يف لوخدلل اھریضحتو ماخلا داوملا
 .اھنیزختو تاجتنملا نیب لصفلا تایلمع ءارجاو ، اھنیب امیف تلاعافتلا

 ةیعارز لیصاحم ،ةینیدعت تاماخ ،يعیبطلا زاغلا ،لورتبلا تیز :ماخلا داوملا ةلثمأ
 داوم،ةیئاود داوم ،ةیعانص تافظنم ،ةغابصلا داوم ،ةیكیتسلاب داوم :تاجتنملا ةلثمأ
 تارایسلا ةعانص يف لخدت داوم ،ةینورتكللاا تاعانصلا يف لخدت



Where Chemical Engineers Work?

New FieldsConventional Fields
• Biotechnology

Industry
• Nanotechnology
• Specialty Chemicals
• Recycling Industries
• Electronics 

Industries
• Water Industry
• Renewable Energy

• Chemical Process Industries
• Petroleum Refineries
• Petrochemical Industry
• Pharmaceutical Industry
• Pulp and Paper Industry
• Detergents and Cosmetics Industry
• Cement, Ceramics and Glass Industry
• Paints, Pigments and Ink Industry
• Polymers and Composites
• Rubber and Rubber Products Industry 
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Major Products of Chemical Industries and their Area of 
Application 



4. What is Special about Chemical Engineering?

 ينعملا يسدنھلا لاجملا يھ ةیئایمیكلا ةسدنھلا
 added valueةفاضم ةمیق قیقحتب

تاجتنم يلا ةقاطلاو ماخلا داوملا ”لیوحتب“
 ةیلاع ةمیق تاذ

:يھ رسلا ةملك

CONVERSION
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Chemical Engineers “CONVERT” Petroleum and 
Natural Gas to Hundreds of Synthetic Products



Example: Chemical Engineers “CONVERT” Sugar 
Crops to Ethanol Which is Used as Liquid Fuel

 لیوحت
 لیصاحملا
 يلا ةیركسلا
 نع لوناثیإ

 قیرط
 ریمختلا
ریطقتلاو

Flow sheet



(Cont’d) What is Special about Chemical 
Engineering?

The process industry consists of firms 
that "add value by mixing, separating, 
forming and/or chemical reactions by 

either batch of continuous mode"

:يھ رسلا ةملك

VALUE CHAIN



Basic Products 
(~ 20)

Raw Materials 
(~ 10)

Intermediate 
Products (~ 
300)

Consumer 
products (~ 
30,000)

B2C

B2B

The Chemical Industery
Value Chain 
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The basic components of a typical chemical process are shown in the 
figure, in which each block represents a stage in the overall process for 
producing a product from the raw materials. Chemical engineering 
design is concerned with the selection and arrangement of the stages 
and the selection, specification, and design of the equipment required 
to perform the function of each stage.

5. Process Flow Sheets as a Chemical Engineering 
Language  
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ProcessInputs Outputs

This box could be a human being or a cow, a water 
treatment plant or a cement factory. Chemical engineers 

see it as a process which contain inside multiple 
processes. Our work is to understand each sub-process as 
far as its inputs, outputs and what is happening inside and 

to optimize the overall process design.

The World as We See: Thousands of Boxes!!
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Example 1: Natural Gas Purification Process using Granular 
Iron Oxide-Based Hydrogen Sulfide Adsorbents

Hydrogen sulfide (H2S) is 
an environmentally 
hazardous, corrosive, and 
toxic gas, mostly 
generated in gas and oil 
industry.

For small-scale natural 
gas processing sites, the 
use of regenerable iron 
oxide adsorbent to adsorb 
H2S from natural gas is 
an economical and 
effective method.
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Example 2: Removal of H2S from Sour Gas by Amine 
Extraction

Amine solution is used in the absorber to absorb hydrogin sulfide and carbon dioxide to 
produce a sweetened gas stream. In the regenerator, the rich amine is stripped to produce 
a lean amine straem (back to the absorber) and a concentrated H2S and CO2 straem. 
Sulfur is recoverd from this stream by a process called Claus process.
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Direct Iron Reduction (DIR) simplified flowsheet showing four unit 
operations: Reactor, water separator, splitter and mixer. The reduction gas is 
obtained by mixing recycle gas with fresh gas of high H2 concentration.

Example 3: Direct Iron Reduction Process
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Example 4: Recycling of 
PET Botteles

PET is a clear, 
strong, and 
lightweight plastic 
that is widely used 
for packaging foods 
and beverages, 
especially 
convenience-sized 
soft drinks, juices 
and water. 
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Example 5: Extraction of Chitin and Chitosan from 
Shrimp Shell Waste

Through enzymatic or chemical deacetylation, 
chitin can be converted to its most well-known 
derivative, chitosan. The main natural sources of 
chitin are shrimp and crab shells, which are an 
abundant byproduct of the food-processing 
industry, that provides large quantities of this 
biopolymer to be used in biomedical 
applications.

Chitin is the most abundant amino-polysaccharide polymer occurring in nature. It is 
the building material that gives strength to the skeletons of crustaceans, insects, and 
the cell walls of fungi.



6. Chemical Engineers Past Achievements
(six examples)

1. Chemical fertilizers  ءاذغلا عم ةقلاعلا
2. Synthetic fibers  ءاسكلا عم ةقلاعلا
3. Mass production of plastics
4. Biotechnology of food production
5. Synthetic Rubber
6. New materials production 

Next slide

Our civilization is built 
on plastics. In 2014 
alone, industry generated 
311 million metric tons, 
an amount expected to 
triple by 2050, according 
to the World Economic 
Forum. 





7. Chemical Engineers Engagement in Future
Achievements (three examples) 

1. Utility Storage of 
Renewable Energy:
Lithium-ion batteries will likely be the 
dominant technology for the next five to 10 
years, and continuing improvements will 
result in batteries that can store four to eight 
hours of energy – long enough, for example, 
to shift solar-generated power to the evening 
peak in demand. 

2. Bioplastics for Circular 
Economy:
Less than 15% of produced plastics 
is recycled. Much of the rest is 
incinerated, sits in landfills or is 
abandoned in 
the environment – where, being 
resistant to microbial digestion, it 
can persist for hundreds of years.
Biodegradable plastics can ease 
these problems, contributing to the 
goal of a “circular” plastic economy
in which plastics derive from and are 
converted back
to biomass.

3. Development of Smarter 
Fertilizers:
Slow-release fertilizers can reduce 
environmental contamination. It is based 
on new formulations which deliver 
nourishment to the plant on demand. 



Core of Basic Sciences:
Mathematics +Physics+ Chemistry

Technology Courses:
• Inorganic technology (e.g Chemical Fertilizers)
• Organic Technology (e.g Solvents and Plastics) 
• Petroleum and Petrochemicals Technology
• High Temperature technology (e.g Glass industry)

Chemical Engineering Courses:
• Unit Operations 
• Reactor design
• Chemical Engineering Thermodynamics
• Process and Plant Design
• Process control and Instrumentation

Other 
Engineering 
Courses:
• Civil
• Mechanical
• Electrical

Other 
Disciplines:
• Humanities
• Economics

8. The Main Building Blocks of Chemical 
Engineering Education



9. Concluding Remarks 
 ةیعیبطلا تاماخلا لیوحتل ةددعتم تلااجم يف نویئایمیكلا نوسدنھملا لمعی•

ةیئاھن تاجتنم يلا ةطیسولا تاجتنملا لیوحتلو ،ةطیسو تاجتنم يلا
 ،”نولوحم“ نحن .هذھ ”لیوحتلا“ ةملك يف ةیئایمیكلا ةسدنھلا ةیرقبع نمكت•

 يلا يعیبطلا زاغلا لوحن ،ءایشلأا ةنونیك ةیسدنھلا ةربخلاو ةفرعملاب ریغن
 ءاوھلاو ءاملا لوحنو ،ةیعانص تافظنمو ةیكیتسلاب داومو ةیئایمیك ةدمسأ
 ةمیق يلعأ قیقحتل ةمیقلا لسلاس موھفم قبطن ،موینوملأا تارتن دامس يلا
.ةنكمم ةفاضم

 تاعانصلا :ةلثمأ ، ةیئامیكلا ةسدنھلا تازاجنإ يلع ةماھلا تاعانصلا دمتعت•
 ،ةینورتكللاا تاعانصلا ، ةیبطلا ةزھجلأا ،ةیئاودلا تاعانصلا ، ةیسدنھلا

ةیئاذغلا تاعانصلا ، تاجوسنملا ةعانص
 يف ملاعلا لكاشمل ةیلمع لولح نع اھثحب يف ةیئایمیكلا ةسدنھلا ةیمھأ مظاعتت•

يرارحلا سابتحلاا لكاشم ةھجاوم يفو ءاذغلاو ةقاطلاو هایملا ةردن ةھجاوم
 خانملا ریغتو


