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Specialized English Language of Chemical Industries

Gealall By U3 3 & (SUl3lly (Saidl B2y ¥ lileddl B 5T (e 5

And of Allah’s Signs of Power is the creation of the heavens and the earth and also the
variation of the languages and the colour of you people; verily, in all these are Signs for
men of knowledge.

Surah Ar-Rum [22] - Al - Qur’an al - Kareem
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Part One

Chemical industries

Match the pictures with phrases.

C. Qil, gas and petrochemicals D. Agriculture

Chemical industries

The chemical industry includes all the manufacturing plants that convert raw materials (oil, natural
gas, air, water, metals, and minerals) into more than 70,000 different chemical products. This
industry has influenced all aspects of our life including Transportation, Agriculture, Environment,
Hygiene, and so on. It has also significantly used in re-cycling that helps in utilizing the waste
materials, and gives one more life-cycle for the products.

Iran: A land of opportunity

Iran is the 18" largest country of the world. It stretches from the Caspian Sea in the north to the
Persian Gulf in the south. Iran is one of the world’s major countries in oil export and it is rich

\F)




in natural resources. It is bordered to the north by Armenia, Azerbaijan, and Turkmenistan, to
the east by Afghanistan and Pakistan, to the south by Persian Gulf and the Gulf of Oman, and
to the west by Irag and Turkey (Fig. 1).

LT LR L

Fig. 1: Map of Iran

Read and According to the below text, answer the following questions.
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A. Choose the best answer.

w Iran is (the first/the second) largest economy in the Middle East and North Africa.
= In Iran, (population/ production capacity) is expected to reach 180 mt/y by 2025.

B. True/ False

= Iran’s petrochemical industry is the largest gas reserves globally.  ---------

» Key export products of Iran are methanol, urea, polyolefins, ammonia, monoethylene glycol (meg)
and para-xylene. = -----------

Structure of the chemical industry:

Raw materials are converted into products for other industries and consumers.
Basic raw materials can be divided into:
< Organic, and
< Inorganic.
Inorganic raw materials include:
v Air
v Water, and
v" Minerals.
Fossil fuels and biomass belong to the class of organic raw materials.

As you know, chemical industry converts raw materials into different products. This is done
by various physical and chemical processes such as distillation, extraction, filtration, and etc.

Match the pictures with the words and phrases.

_.r,,,Thermometer

Cooling |
Salt water water out Cooling
water in
Distillale
hicst (pure water)
A. B.
Crystallization Distillation



Make-up absorbent
Absorber
Stripper
Entering vapor Strlpping vapor

Recycle

absorbent
D.

Membrane processes I3 Adsorption

Pressure

Higher Contaminant Concentration

e
."_ e o Semipermeable
- . '_ = membrane
L]
- [ -
* = S - Lower Contaminant Concentration

E.
Absorption and stripping

—# Activated Carbon

= Porosity

Adsorbed Molecules

[{ Extraction
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Traditional chemical engineering processes

Chemical products are made by a combination of processes that include synthesis, separation,
and purification. The traditional chemical engineering methods of separation and purification
include distillation, crystallization, adsorption, membrane processes, absorption and stripping,
and extraction. These technologies are briefly described below.

Thermometer

Distillation

Distillation is by far the most widely used
separation process for fluid mixtures (mostly
liquids) that can be vapourized. Distillation
is a process for isolating components from a
mix ture based on differences in boiling points.
In this process, vapours are generated from
mixtures by heating and are then condensed
into liquid products.

I'II'It S Distiltate

Fig.2: Distillation

Distillation processes are widely used for the separation of organic chemicals and for the sepa-
ration of gases, usually at cryogenic temperatures, as in the production of oxygen and nitrogen

from air (Fig.3).
s

EEE —

_— Liquid oxygen out

Fig.3: The production of oxygen and nitrogen from air



Crystallization

know more

Crystallization is one of the oldest unit operations in the separation techniques used for
industrial and laboratory processes. Crystallization is used to achieve several functions:
separation, purification, concentration, solidification, and the production of a crystal. Because
the heat of crystallization is typically much lower than the heat of vaporization, considerable
energy savings can be realized in applications where crystallization is an effective means of
separation.

Solutes can be recovered from solutions by reducing the solubility through cooling, heating,
evaporation, chemical reaction, or by adding a nonsolvent to the mixture.

Different steps of crystallization are shown in Fig. 4.

Fig.4: Crystallization
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Adsorption

Adsorption is the adhesion of atoms, ions or molecules from a gas, liquid or dissolved solid to
a surface. This process creates a film of the adsorbate on the surface of the adsorbent (Fig.5).

o O
o°°°
/

Adsorbate

\ Adsorbent

Fig.5: Adsorption process

This process differs from absorption (Fig. 6). Adsorption is a surface-based process while absorption
is the process in which a fluid is dissolved by a liquid or a solid (absorbent).

Fig 6: Adsorption and absorption

The adsorption separation process is necessarily cyclic, alternating between adsorption and de-
sorption. Desorption can be accomplished by increasing the temperature, reducing the pressure,
or a combination of both.

Membrane processes

Separation processes involving membranes require two bulk phases that are physically
separaed by a third phase, the membrane. In all membrane processes, the feed is separated into
two phases: the materials that go through the membrane and the portion of the feed retained by
the membrane.

Note: Membrane processes typically do not involve a phase change and therefore do not involve
a specific heat of vapourization (like distillation) or a specific heat of crystallization (like
crystallization). Because there is no phase change, highly selective membranes can complete
separations with considerably less energy than other methods.



Types of membrane processes are:
v Microfiltration (MF)
v Ultrafiltration (UF)
v Nanofiltration (NF)
v Reverse osmosis (RO)
v Dialysis /Electrodialysis (ED)

- Look and then answer the questions with your own knowledge.

UF " RO
e
'lll‘. "-i-_u
3 -

-
=
& -
Y] A
,!' 1 B
| = -
| B h

W ® +*
& -
bacteria macromolecules divalent ions monovalent ions
particles viruses

Membrane processes

Which filtration system is good for drinking water? (RO/MF)
Which filtration system is not commonly used for distillated water? (MF/None of them)
Which filtration system is suitable for deionized water? (All of them/RO)

Absorption and stripping . i _

Absorption refers to the transfer of one or more components of a gas phase to a liquid phase
in which the gas phase is soluble. Stripping is exactly the reverse, the transfer of a component
from a liquid phase in which it is dissolved to a gas phase (Fig. 7).

know more

There are three types of absorption processes: separation based on physical solution; sepa-
ration based on reversible chemical reaction; and separation based on irreversible chemical
reaction. Absorption processes require the generation of extensive areas of liquid surfaces
in contact with gas phases.
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Fersh Make up Solvent

Flue Gas to Atmosphere Condensor

T l | CO & HZO'

Heat Exchanger

Absorber
Stripper

|

CO; Rich Flue gas

Rich Solvent Lean Solvent Reboiler

Fig.7: Absorption and stripping

Extraction

Liquid - liquid extraction is a separation technique involving two immiscible liquid phases.
During liquid-liquid extraction, the solvent phase, extracts the solutes from the other liquid
phase (Fig.8).

Extract phase

Settling

Raffinate phase

Fig.8: Extraction

Solvent recovery and raffinate clean up follow the separation. There is usually more than one
possible method of purifying the solvent and raffinate phases and, therefore, process design is
important.



Fill in the blanks with the given words.

Extract, Solvent, Raffinate and Feed

Mixing
and Phase-Settling and
Contactiog Coalescing Section

Section

Mostly the chemical industry (Fig. 9) concentrates on producing polymers, and plastics. They
are not only used in packing, but also in numerous other applictions, like wiring, furniture,
clothing, home decorations and electronics. PVC piping, water tanks, huge storage containers
are made out of plastics.

Fig.9: A chemical plant

Branches of various chemical industries are:

Oil, gas and petrochemicals
Water, soil and air purification
Food, and drug,

Soaps and detergents
Fertilizers and pesticides
Mineral products

Etc.
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Part Two

Air purification

Match the pictures with phrases.

A B.
FlBurning waste Vehicular emissions

C. D.
Air purification Air pollution

E. F.
Household combustion devices [ Forest fires



Air purification

Air pollution has grown up to be a serious problem for both people and governments since it
disturbs sustainable development along with threatening people’s health. Vehicular emissions
and industrial fossil fuel consumption can affect the regional air quality. High population
density, rapid urbanization, and economic growth have been found to be the main reasons
behind the global problem of increasing air pollution.

Air pollution is referred to as contamination of indoor or outdoor environment by any chemical,
physical or biological agent that modifies the natural characteristics of the atmosphere.
Household combustion devices, motor vehicles, industrial facilities and forest fires are common
sources of air pollution. Pollutants of major public health concern include particulate matter, carbon
monoxide, ozone, nitrogen dioxide and sulfur dioxide. Outdoor and indoor air pollution cause
respiratory and other diseases, which can be fatal.

Note: Particle pollution, also called particulate matter or PM, is a mixture of solids and liquid
droplets floating in the air. Particles less than or equal to 10 micrometers in diameter are so small
that they can get into the lungs, potentially causing serious health problems (Fig.10).

Fig.10: Particles less than or equal to 10 micrometers in diameter can get into the lungs.

- Use the appropriate phrases in parentheses.

Clean air Polluted air
Which one is better? (Clean air/Polluted air)
(Clean air/Polluted air) is synonym of fresh air.

(Clean air/Polluted air) is opposite of fresh air.
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Note: Iran shut primary schools in Tehran and
other parts of the country on Sunday due to air
pollution (Fig. 11).

Fig.11: Air pollution in Tehran

Every year, Tehran suffers some of the worst air pollutions in the world when cool temperatures
cause an effect known as "temperature inversion”. The phenomenon creates a layer of warm air
above the city that traps pollution from its more than eight million cars and motorbikes (Fig. 12).

Normal Conditions

Temperature Inversion

Arrows show alr flow in normal conditions on the kefi and during temperature inversion on the right. In
mormal conditions, warm air rises and normal convective patterns persist. During temperature inversion,
the warm akr acts as o cap, effectively shatting down convection and trapping smog over the city.

Fig.12: Temperature inversion phenomenon

Note: "We need clean air for our children’s future."
An air purifier or air cleaner is a device which
removes contaminants from the air in a room
(Fig.13).

"
¥ @

"Birty Ai

+

& L

| Clean Air

Fig.13

: An air purifier



Personal protective equipment

Personal protective equipment (PPE) refers
to protective clothing, helmets, or equipment
designed to protect the body from injury
or infection. The gas mask is a mask used
to protect the user from inhaling airborne
pollutants and toxic gases (Fig.14).

Filtration

Filtration is any of various mechanical,
physical or biological operations that separate
solids from fluids (liquids or gases) by adding
a medium through which only the fluid can
pass (Fig.15). The fluid that passes through is
called the filtrate. In physical filters oversize
solids in the fluid are retained. However, the
separation is not complete; solids will be
contaminated with some fluid and filtrate will
contain fine particles (depending on the pore
size and filter thickness). Filtration occurs
both in nature and in engineered systems.

Match the words and phrases with your
own knowledge.

Fig.14: Air-purifying respirator

liquid and insoluble solid

N

Filter paper

Filter funnel

Filtered
liquid-ﬁltrate\

Filtered
solid-residue

Fig.15: Simple filtration

Feed

I

ﬁ_ﬂ— Slurry

—Filter medium

\

- Filtrate

Word Phrase
Feed, Slurry Clear liquid passing through the filter
Filter medium Porous medium used to retain solid
Filter cake Suspension to be filtered
Filtrate Accumulated solids on the filter
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- Choose the best answers.

v A (filter cake/filtrate) is formed by the substances that are retained on a filter. The filter
cake grows in the course of (filtration/filtrate), becomes "thicker” as particulate matter is
being retained.

v" Due to the deposition of (solids/liquids), the thickness of filter cake is (decreased/
increased) and so it makes a limitation to further filtration.

Fresh air e - Fresh air
[Polluted air - 4 s U_ﬂ w- /Polluted air
& i H . ': ¥

- Which one is Surface Filtration or Depth Filtration?

Media

/

° Particles
Fluid Feed
[ )

edia

M
Particles
Fluid Feed




Part Three

Crude oil

Match the pictures with phrases.

A. C.
Crude oil distillation World fuels production/consumption (mb/d)

102 TR
100
]
95
a4
a2 -
Consumption
20
BR
= i e I, -
Fracriorating Cohumn 2042 2013 204 2015 2016 2017 2018
B. D.
Crude oil Vacuum distillation
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Crude oil

Petroleum or crude oil is a naturally material composed of hydrocarbon deposits and other
organic materials. The composition varies widely depending on where and how it was formed.
Crude oil, as a fossil fuel, is refined to produce usable products such as gasoline, diesel and
various forms of petrochemicals. It is a nonrenewable resource, which means that it cannot be
replaced naturally at the rate we consume it and is therefore a limited resource.

History of Oil in Iran

The Anglo-Persian Oil Company (APOC) was a British company founded in 1908 following
the discovery of a large oil field in Masjid Soleiman, Iran. The Masjid Soleiman, located in the
Khuzestan province in the southwest of the Islamic Republic of Iran, is the place where the
country’s first oil well was drilled (Fig. 16).

Fig. 16: The country’s first oil well in Masjid Soleiman




Hydrocarbons in Crude Oil

There are four main types of hydrocarbons found in crude oil.
v paraffins (15-60%)
v" naphthenes (30-60%)
v" aromatics (3-30%)
v asphaltenes

- Choose the best answer with your own knowledge.

Molecular Structure  JgSdgo ,bisbo omadS5l Joleo Name
CH,
H,C cH Cyclopentane or Cyclohexane
CH, CH,
H H H H
|
H-C-C-C-C-H Butane or Propane
|11
H H H H
I
~Cx
H|(|: (iH Benzene or Toluene
HC\CH/CH
CH,
Xylene or Toluene

Elemental Composition of Petroleum

Although there is considerable variation between the ratios of organic molecules, the elemental
composition of petroleum is well-defined:
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v Carbon - 83 to 87%

v Hydrogen - 10 to 14%
v Nitrogen - 0.1 to 2%
v Oxygen-0.05 to 1.5%
v Sulfur - 0.05 to 6.0%

v Metals-<0.1%
The most common metals are iron, nickel, copper, and vanadium.

- Look, Read and Practice.

Composition Of Crude Oil
|

I 1
HY DHW?FIHUHE Hﬂﬂ-l‘l"l"ﬂ_‘{l’lﬂ!ﬂﬂﬂlﬂ
r ] 1 | ] | |
ALIPHATICS AROMATICS NAPHTHENES SULFURS MNITROGENS OXYGENS METALUICS
25/ 507 <1y <3y <100ppm

ST e
CI%JCT‘

True/False

(C,Hy), is an aliphatic hydrocarbons. ...

)
]

C _—OH
is a hydrocarbon substance in crude oil. ~ ..........

Bezoic acid (C,H,0,) is a Colourless crystalline solid and a simple aromatic carboxylic acid. ~ ........
£ Cycloalkanes are also called naphthenes. ...



Petroleum colour and viscosity

The colour and viscosity of petroleum vary
markedly from one place to another (Fig.17).
It is usually dark brown or blackish, although
it may be greenish, reddish, or yellowish.

Fig. 17: Crude oil

- Look at the picture carefully and then fill in the blanks with appropriate words.

Density and sulfur content of selected crude oils
35 !
#* Mexico - Maya
330 Saudi Aradia -
2 Arabka - Heady iraq - Basra ‘
25
£ 20
. Iram - Heavy
|- United States - Mars Saudi Arabia - Light
E &
L= ]
-*>
i Th
® iram - Light
*  Oman-Oman
1.0
North S&a - Brast
05 * &
3 ¢ .
z % # Libya - Light
00 - .
heawvy & medium % light 46
density (AP! gravty)
Types of selected crude oil of Iran are and .
The density of Iran-Light crude oil is --------- , approximately.

Sulfur content of Iran-Heavy crude oil is about --------- .
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Crude oil refinery

A crude oil refinery is a group of industrial facilities (Fig. 18) that turns crude oil into finished
petroleum products.

PR

|
| |

ik

i
"

Fig. 18: Tehran crude oil refinery

- Choose the appropriate words with your own knowledge.

(Extraction/Distillation) is the process in which the components of a liquid mixture are separated
by heating it to a certain temperature and condensing the resulting vapors. This process, which
is a (physical/chemical) separation process and not a (physical/chemical) reaction, is a unit
operation of practically universal importance in chemical industries.

4



bsting poinT C petrod for

¥ censityang sCpq residue

Fig. 19: Distillation of crude oil

The diagram above presents a conventional version of the distillation process. Crude oil is made up
of a mixture of hydrocarbons, and the distillation process aims to separate it into broad categories
of its component hydrocarbons, or “fractions”. Crude oil is first heated and then put into a distilla-
tion column, also known as a still, where different products boil off and are recovered at different
temperatures.

Lighter products, such as butane and other liquid petroleum gases (LPG), gasoline blending
components, and naphtha, are recovered at the lowest temperatures. Mid-range products include
jet fuel, kerosene, and distillates (such as home heating oil and diesel fuel). The heaviest products
such as residual fuel oil are recovered at temperatures sometimes over 600 degrees Centigrade.
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The simplest refineries stop at this point. Although not shown in the simplified diagram above,

most refineries reprocess the heavier fractions into lighter products to maximize the output of
the most desirable products.

In fact, distillation of crude oil is carried out in two units, first in an Atmospheric Distillation
Unit, and then in a Vacuum Distillation Unit (Fig. 20) that further processes the residue from
atmospheric distillation.

To Vacuum systems

Atmospheric

Residue

Vacuum

Residue

Fig. 20: Vacuum distillation tower

Around a third of the oil and gas extracted worldwide comes from offshore sources (Fig.21).

Fig. 21: Offshore sources of oil and gas

The Iranian Offshore Oil Company (I00C) is a subsidiary of the National Iranian Oil Company.
Its activities cover important areas of the Persian Gulf and its main operations are in Bushehr
Province and on the Islands of Kharg, Sirri and Lavan.



Part Four

Chemical laboratory equipment

Match the pictures with phrases.

- -“"-H;uﬁll""::'l .:ﬁl !
\ " o~
e . e
A. B. C.
Safety goggle Beaker Erlenmeyer flasks

Burette Cylinders

T

=i

- —
]

e

(W A

%

G. H.
[ Test tube Pipette [l Thermometer
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Chemical laboratory

Chemistry is a science, which necessarily needs some place for its experimental activities —
for realization of chemicals and chemical reactions. This place is called laboratory (= a lab).
A chemical lab is full of specific chemicals and laboratory equipment for measurement, and
experimentation in scientific research. It is a place, where everyone has to respect operating,
safety and hygienic rules.

A chemical lab requires:

v laboratory table

v console

v furniture

v" weighing room

v chemicals, tools and lab equipment
These requirments are demonstrated in Fig.22 .

Name Figure

i (P P
Laboratory table ""é '.?'?‘

-
..r'": Ef
Console Pt P i ] !
S ]-:
. e R — -
Furniture e L A
(laboratory glasswares, storage bottels | 5 —r | r
and very frequently used tools are stored -?-_-;'-*l e
in racks next to the wall) e -

Weighing room

Fig. 22: Lab requirements



Laboratory tools are made of laboratory glass and porcelain, metals, plastic, and rubber. Laboratory
glasswares are resistant against chemical substances (Fig. 23).

Fig. 23: Laboratory glassware- examples
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Laboratory plastic and rubber tools are made of various material such as polyethylene (PE),
polypropylene (PP), polyvinyl chloride (PVC), teflon, polycarbonate (Fig. 24).

Fig. 24: Metallic, plastic and rubber tools - examples

- Fill in the blanks with the given phrases. Which titration setup is good for you? pH meter

pH-meter, Beaker, Burette method or colour indicator method.

= &

| d
(] e
| |

|

|

ﬂll-'
2 ) - S P, T
? T O | - — e —
dupusrid) I ) | e 1

A:pH meter method B: Colour in dicator
method

<
<



Calibration of thermometer

In this section, we explain how to calibrate a stem-type thermometer and how to use it to correctly
measure the air temperature of the laboratory.

Stem

Immersion mark

Bulb
Fig. 25: A stem - type thermometer

One of the most common types of laboratory thermometers is the stem-type or liquid-expansion
thermometer (Fig. 26). In this type of thermometer, an expansion liquid, usually mercury or
alcohol, fills a glass bulb attached to a long stem with a uniformly expansion column. When
heated, the liquid expands up the bore until the bulb reaches thermal equilibrium with the
material whose temperature is being measured. The expansion of the liquid is such that the
height it reaches in the stem is linear with temperature. These thermometers are typically
marked with equal spacings along the stem. They are then calibrated at two different "fixed
point” temperatures. Alcohol thermometers are of lower accuracy than mercury thermometers,
but are more commonly used in the chemical laboratories because mercury is toxic and difficult
to clean-up in the case of breakage.

know more

As with any measuring device, the accuracy of a thermometer depends on its calibration.
Calibration is such that a measurement is performed whose result is well known. For a stem
thermometer, because the markings along the stem cannot be adjusted, a correction curve is
prepared such that thermometer readings can be converted to accurate temperatures. Known
temperature baths for calibration can be generated using the ice point and the boiling point
of water. These temperature baths are called "fixed points" because of their use as calibration
markers for thermometers.
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Fig. 26: Laboratory liquid - expansion thermometer

Procedure

Thermometer identification

If possible, note the manufacturer, serial number and manufacture date of the thermometer.
Note the temperature range of the thermometer.

Note whether or not the thermometer is a Total Immersion or Partial Immersion type.

know more

Partial Immersion thermometers will have an immersion mark and are designed so that
only that part of the stem is exposed to the temperature being measured. Total Immersion
thermometers are designed so that both the bulb and the entire liquid column must be ex-
posed to the temperature being measured.

I3 Check to make sure that the liquid in the stem of the thermometer has not separated. If it has,
ask your laboratory instructor for a new thermometer.

Calibration at the ice point of water

Fill a container with crushed ice (You will have to share a container with another group, so
become friendly with your neighbours).

Add enough pre - cooled distilled water to cover the ice, but not so much water such that the
ice floats.

Thoroughly stir the ice-water mixture.

3 Hang your thermometer until it is appropriately inserted into the ice - water.

ElAllow the temperature shown by the thermometer to stabilize (about 10 minutes is required to
establish thermal equilibrium). After 3 minutes at the stable temperature, record the temperature
to the correct precision.

I3 The ice point of water is remarkably stable at 0.00 °C (Fig.27).




120
=100°C 100

=i

40
20

—0C =0C
I

I I =20
|

¥

Mixture of ice and Mixture of steam Divisions are made on
water and water the thermometer

Fig. 27: Thermometer calibration

Calibration at the boiling point of water

Set up a hot plate with a 500 mL Florence flask resting on it. The
flask should be supported by a clamp from a ring stand.
Fill the flask about half full with distilled water. Add a few boiling

chips to promote smooth boiling. f

Hang the thermometer from the ring stand as before.

Note: Using a Florence flask helps promote the reflux. It is a type of f \
flask used as an item of laboratory glassware for holding liquids. A ( }
Florence flask has a round body, a single long neck, and often a flat

bottom (Fig.28). I

Turn on the hot plate and allow the water to come to its boiling

point. Fig.28: A Florence flask

K Allow the temperature shown by the thermometer to stabilize (about 10

minutes after a rolling - boil has been achieved). After 3 minutes at the stable temperature, record the
temperature to the correct precision.

I3 The boiling point of water is extremely sensitive to the atmospheric pressure. You will be
provided with the day’s atmospheric pressure. Use this, along with the data in the appendix, to
determine the correct boiling point of water. You may have to interpolate the data in the table.
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Appendix
Atmospheric pressure( mmHg) Boiling point water (‘C)
760 99.996
750 99.629
740 99.257
730 98.880
720 98.499
710 98.112
700 97.720
690 97.323
680 96.921
670 96.512
660 96.098
650 95.676
640 95.249
630 94.814
620 94.371
610 93.921

Air temperature -

The air temperature in the room will be measured by measuring the temperature of a large water
bath that has been allowed to come to thermal equilibrium with the air.

Hang your stem thermometer from the ring stand into the water bath provided (everyone will
share the same large bath).

Allow for thermal equilibrium to be established. Make the appropriate readings.



2 Ll s losgy (Ll Jgua

zmwled ¢ ouedSSl Solgils oolasul b ] o> 5l 5YL Gl sbed lonlp ygas
oS a1y Ul QS 5 e o] oaedSS sl Jolae
| oolStales] oy 5 Sl 55 ol onlin (5,5 54| e trargbl sl o o fSpsiie

Qo0 las il Sl Jolao ] 0 o [AlS 5 oleend mlio AR dgi e oliS (3 3950
)Ué:.“..i‘ e olKws 9 )|)‘.5| 6Lo.2.§|) dgl..i;.n 9 gbf )0 O9>g0 QSL“Q-.’.)AS

(eSSl 55 @) S g ]
g ol el slosle psede M) ol ol (o)l gerdgi gl (o b
855 o B |y mislos yganl e JIST|Ualos REXPUREN

6)'}.%05}4»

Yl pleogs ‘;WL& 5 y0d

Yo )‘ oloé,.; 5).03




B b en oo iy ooy,

S8 28 owys by oS b 80 AYAY Slowds molio il o cands b il Geyd owyd el
SRl
Lo jaezme = 8Ll (wlaodls - (Blo dosmeyoe sz «pgd 9 Jol Al (o090 (soud Jprol o5 ek 05 Lo
OIS 882558 50 ATAY c g
Sl o gule jpate T g T alr (025 (00 L (seges (ot ol 3l (Dgesl O,
bl ST YA o (tin
el 555 s 0003 B (oo 55, M 5340 ecsmeih (bl ecs0lyz 50 e iy lonadlé
oobls SLLETI VYA sl Sl Y 5 ¥l
o8 e SLLESTAVPAY da gl o smimo dabols )zl s o yo < Sbde dlyoo
Gl SLS a5 5 Sl S ANYAT () a3 o o So ol Lo ozl 0l (LSSl ol 5005 ¢ el oo
Olnl oy
535y DPAY gl o g 25 (ot Sl s gagmno o o Ll Satign g hg fla i o555
ot ol ol A
5ol SHLLINYYY cdasl> g o ( wgb poal 4l s
& 28 ATV ogoe (sond (oo Ja8l e
bl SENTVA (025 50 b (sogee (cord (S (o (omb yral ax1e3 sex]
Olplowyd Gl ;25 5 Ol WWAY (pogee (ool (ile jpaie
Olrl owye ool a5 5 Sl VAT (I (o« Sledal oo o
i€ Jonathan.Clayden, Nick. Greeves, Stuart. Warren,"Organic Chemistry",Second Edition,
Oxford University Press, 2012
iZl RoseMarie Gallagher Paul Ingram,"Complete Chemistry for Cambridge", IGCSE®,
Second Edition, Oxford University Press, 2007
i Steven S. Zumdahl, Susan A. Zumdahl - Chemistry - An Atoms First Approach (2016)
il Raymond Chang, Jason Scott Overby - General Chemistry- The Essential Concepts,
6th Edition (2011, McGraw-Hill Companies),
2Daniel Vallero, "Fundamentals of Air Pollution", Elsevier, 5th edition, 1994, ISBN:
9780124017337.
Stephen T. Holgate, Hillel S. Koren, Jonathan M. Samet, and Robert L. Maynard,
"Air Pollution and Health", Academic Press, 1999, eBook ISBN: 9780080526928.
i Warren L. McCabe, Julian C. Smith, and Peter Harriott, "Unit Operation of Chemical
Engineering", McGraw-Hill, 1985, ISBN: 0070448280.
i Jozef Markos, "Mass Transfer in Chemical Engineering Processes", InTech 2011,
ISBN-13: 9789533076195.
Ay Standey M. Walas, "Chemical Process Equipment", Butterworth -Heinemann Publications,
2010, ISBN:978 -12 - 372506 - 6.




oo sho smyd sl 5 G2y50 9 G390l 3o el U578 s sl 2l 0 095 el (15 linl Caz (obise] (532,80l 0 5 Shgl el
Ly olas bl alyglss aladl jo ol ol (55 (6l S o JL5S e a2lyr] Colws G sy |y lokes &8 Lt o)) sodbul
oz Lo sl 30 1 s S etlSigi sy SBOLS 8y, labre s 8l 5 b b o g5hlel, o yo gl _mins el
S 9 Sisel Slyme Sl 09,8 (lKen canld cal wsllas el o yled ol aiez )| Glales 5 oligel Sl 4 JIKS G a8 L
Tl oo il sage ) slowijl (285 9ol ruime SB35 pyime Cupse 5 u5)0 el Wl 5 B0l sloog,S el
Sgete o |y Glejlo 395 Sl B L g axls aey el po 1) saebae (53 oS (Sligalim 5 (md (ool e ol (aled O @ (ol

D9l so el i 7yl & ailes)S (63l LSl (slgime

YIVOY o oS — scand S8 (uile OlS o lacel jo oudosS s b u'),.oi).a.b 9 Ol ymo ol

Olow okl ol Y OB e 0 REVEIRW S I

olesS s sae| T &z Jow ez Sy 68 4| ¥

& ol lg5 b 061 VO ol SR Sl 12y Y
G2y o> by plrd Gege| VP Ol 93 Slod ol ¥
5 o STV oS UETRV/RE WWONS) R

Ol s st ol VA S &)l Sgrame| 7
Oz sl (L ST aeme A 50 @kedlal| Y
Olver Sl ol | e Ol5 sl o Ogmald Lojaeza A

ol b eyl | T Oloen Obyets e 8

ek bz sl YY b ol 297 S o Ve

ob; oo 2ozl | VY O ssede 12y )

S b3l Gslse L Y




	000-C212520
	001-034-C212520
	035-066-C212520
	067-102 C212520
	103-138-C212520
	139-174-C212520

