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1 Outline of Petrochemical Industry

1.1 The Nature of Organic Compounds

Some organic compounds have been known since earliest
antiquity (#7f8) . Prehistoric peoples were familiar with sugar, with
the fermentation (X &¥) of the sweet principle of grape (sugar) and
the production of wine, and with the souring of wine under the
agency of Acetobacter (BT HJE) to produce vinegar, a dilute
solution (FiBEYAM) of acetic acid (L) . Vegetable oils and
animal fats, and the process of making soap from these substances,
have been known for centuries.

In contrast with (5 ---%f tt) most mineral substances, the
organic compounds are as a rule (J% ) easily combustible (5
#R 1), and often are destroyed or damaged by even moderate (i
t1 1)) application of heat. The tend to be delicate and sensitive,
and certain of them resemble actual plant and animal tissues. Since
all organic compounds known at the beginning of the 19" century
had been isolated (4 #5) as products of the life process, the belief
was current (Jii4T) for a time that organic compounds could arise
only through operation of a “vital force” (“4:#y/7) inherent in
living cells. Originally the term organic chemistry referred to the
chemistry of materials derived from living things. However,
repeated demonstration that compounds identical in all respects
with those obtained from plants and animals could be prepared
from mineral materials® showed that the synthetic preparation of
organic compounds (5 #l4k. & #)) presents no mystery and that the
origin of a compound is not a reliable ( A] £ /) means for
classification.
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Most natural products now known have been prepared
synthetically ( Fi & it /7 ¥£) , and purely synthetic organic compounds
exceed by far those found in nature. The designation organic (F #liX
N4 ) has persisted for the convenient classification of a group of
compounds having some features in common (Ft£). Some of them
contain carbon and hydrogen, a large number contain oxygen as well,
many contain nitrogen, and some contain halogen (X %), sulfur,
phosphorus (%), and other elements. Since they all contain carbon,
organic chemistry is perhaps best defined as (€ 3 &) the chemistry
of carbon-containing compounds.

Organic chemicals are put to (/] 7°) many varied uses. They are
worn as clothes, eaten as foods, and used as fuels. They include
“wonder” drugs, vitamins, and hormones (${#) as well as deadly
poisons. A large number of organic chemicals are used in agriculture
as fertilizers, soil conditioners (3% i/ 1777)), and insecticides (% H
7). The best-known explosives are compounds of carbon.

The chief sources of organic materials are coal, petroleum, wood,
and agricultural products. These are the fundamental raw materials
upon which the organic chemical industry is built.

" Notes i

(1) a dilute--- 44 18 FIEAE R AL 1E

(2) that WA ETE [Ff7

(3) that M%) EiERFIF7iE. Hh, identical---animals HTEZA
WREE S .

. Exercise .

Directions: Decide whether the following statements are true or
false.
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1. The fact has been known for centuries that vegetable oils and
animal fats, and the process of making soap source from these
substances.

2. In contrast with most mineral substances, the organic
compounds are never easily combustible.

3. Most natural products have been prepared synthetically, and
purely synthetic organic compounds exceed by far those found in
nature.

4. A large number of organic chemicals are used in agriculture as
fertilizers, soil conditioners, and insecticides.

5. The chief sources of organic materials are the fundamental
law materials upon which the organic chemical industry is built.

1.2 Evaporation

The objective ( H [¥]) of evaporation is to concentrate a
solution consisting of a nonvolatile® solute (A& K45 /5) and a
volatile solvent (3% /% f)¥% 7). In the great majority of evaporations
the solvent is water. Evaporation is conducted by vaporizing a portion
of the solvent to produce a concentrated solution or thick liquor.
Evaporation differs from drying in that® residue is a liquid
(sometimes a highly viscous one) rather than a solid; it differs from
distillation in that the vapor is usually a single component, and even
when the vapor is a mixture, no attempt is made in the evaporation
step to separate the vapor into fractions (Y843); it differs from
crystallization (%45 ) in that emphasis is placed on (¥ & F)
concentrating a solution rather than forming and building crystals. In
certain situations, e.g., in the evaporation of brine® to produce
common salt®, the lie (1R75) between evaporation and crystallization
is far from sharp (A"¥} &). Evaporation sometimes produces a slurry
of crystals (45 d&#2 %%) in a saturated mother liquor®.
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Normally, in evaporation the thick liquor is the valuable product
and the vapor is condensed and discarded (¥5#). Mineral-bearing”
water is often evaporated to give a solid-free product for boiler feed
(8 4 n /K ), for special process requirements, or for human
consumption. This technique is often called water distillation®, but
technically it is evaporation. Large-scale (K##f]) evaporation
process is being developed and used for recovering potable water (12
PR F7K) from sea water. Here the condensed water is the desired
product. Only a fraction of the total water in the feed is recovered,
and the remainder (¥ £4%) is discarded.

" N.otes‘

(1) evaporation &R

(2) nonvolatile R K

(3) Frin)SEiH that J& B Y 8 MA) .

(4)brine A ER/KILALEE; HhK

(5) to produce common salt /£ 5 B €&, RyRFMERKE.
(6) mother liquor £}

(7) mineral-bearing  FH ¥

(8) water distillation 7K FZK1H

: Exercxse B

Directions: Decide whether the following statements are true or
false.

1. The objective of evaporation is to concentrate a solution
consisting of a nonvolatile solute and a volatile evaporation.

2. Evaporation is conducted by vaporizing a portion of the
solvent to produce a water distillation.

3. Volatile solvent sometimes produces a slurry of crystals in a
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saturated mother liquor.

4. In evaporation the thick liquor is the invaluable product and
the vapor is condensed and discarded.

5. Large-scale evaporation process is being developed and used

for recovering potable water from sea water.
1.3 Distillation

How do scientists separate the hydrocarbons (/£2€)? They
distil'V the oil. They turn the oil into vapor and then turn the vapor
into liquids.

The theory of distillation ( 818 is very easy. Most liquids boil
when they reach a certain temperature. When crude oil boils, it sends
out vapor and condenses. All the different hydrocarbons in crude oil
are at different temperatures. And their vapors all make separate
liquids. So, in order to separate the hydrocarbons, the scientists distill
the crude oil. Because the hydrocarbons boil at different temperatures,
their vapors must also condense at different temperatures. When the
hydrocarbons boil, their vapors condenses separately. So the oil
breaks down into (4} & /i) its fractions and forms different liquids.

The oil distilled in a very large steel tower, the technical name of
which is the “fractionating tower (7} 1#38).” The tower is thirty to
fifty meters tall and its diameter is one to three meters. It is divided
into “chambers,” each of which contains a layer of trays (—/2%
#). There are holes in the trays. The vapors go through these holes
and condense on the trays. The chambers are at different heights, and
the temperature at each height is different. The temperature inside the
tower is highest at the bottom, and it is lowest at the top. So each
layer of trays is cooler than the layer below it. There are not enough
chambers of different temperatures in one tower, so two or three
towers are needed.

* 5



Beside the first tower there is very large furnace (%), the
“pre-heater (fll#4%),” where the temperature of the oil is raised to
340 degrees Centigrade®. The boiling oil and vapors then flow from
the furnace into the fractionating tower. They flow into a chamber
near the bottom. Some of the oil with the heaviest hydrocarbons
makes no vapor. This oil—the “residue” —drops to the bottom and
flows out of the tower again. Later bitumen® and other heavy
materials will be made from the residues. All the other hydrocarbons
in the oil make vapors which float up the tower to different chambers.

When the vapors rise into the cooler part of the fractionating
tower, they lose heat. The vapors rise until they are just below their
own boiling temperature. Then they condense on a tray and turn into
a liquid again. The liquid on each tray flows into a separate small
tower where the liquid breaks down into smaller fractions. The
separation of the hydrocarbons is then more accurate (K540). The
distilled then flow through separate pipes into separate storage
tanks®™,

(_Notes

(1) distil &1 .
(2) centigrade FIK

(3) bitumen  PHH

(4) storage tank Al g

— et
(_ Exercise >

[ U

Directions: Decide whether the following statements are true or
false.

1. Scientists separate the hydrocarbons by distilling the oil that is
turned into vapor and then liquids.
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2. The boiling crude oil sends out vapor and condenses, all the
different hydrocarbons in it being at different temperatures.

3. The oil distilled in a very large steel tower, the technical name
of which is the “distilling tower.’

4. Two or three towers are needed because there are not enough
chambers of different temperatures in one tower.

5. The liquid breaks down into smaller fractions on each tray

before flowing into a separate small tower.
1.4 Crystallization

Crystallization from liquid solution is important industrially
because of the variety of materials that are marketed (#§8) in the
crystalline form'". Its wide use is based on the fact that a crystal
formed from an impure solution is itself pure (unless mixed crystals
occur) and that crystallization affords a practical method of obtaining
pure chemical substances in a satisfactory condition for package and
storing.®

It is clear that good yield and high purity are important
objectives in operating a crystallization process, but these two factors
are not the only ones to be considered. The appearance and size range
(K/NEH) of a crystalline products® are also significant. It is
especially necessary that the crystals be of¥ reasonable and uniform
size. If they are to be further processed, reasonable size and
uniformity (#%J) are desirable for washing, filtering, reacting with
other chemicals, transporting, and storing the crystals. If the crystals
are to be marketed as a final product, customers require individual
crystals to be strong, non-aggregated (AN#Z¥), uniform in size, and
non-caking® in the package. For these reasons, crystal size
distribution (CSD) ®must be under control (3 Z|#41); it is a prime
objective in the design and operation of crystallizers (% /& 28).
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In general, crystallization may be analyzed from the standpoint
of (M-~ ) purity, yield, energy requirements, and rates of
formation and growth of crystals.

" Notes

(1) crystalline form & énJEtR

(2) the fact J& [H# P that 51 F IR IE M.

(3) crystalline products 7K & il

(4) be of = have, possess, & HI#%E %1, HATFRKLEH.

(5) non-caking  TTHiMEH

(6) crystal size distribution £ S RO

. Exercise |

Directions: For the passage there are some questions or
unfinished statements. Each of them is provided with four choices
marked (a), (b), (c) and (d). You should decide on the best choice and
then mark your answer.

1. Crystallization from liquid solution is important industrially
because of .

a. the solute extracted being not always the most valuable
product of the separation process

b. the variety of materials that are marketed in the crystalline
form

c. the evaporation producing a slurry of crystals in a saturated
mother liquor

d. the primary products from distillation of crude oil containing
traces of materials

2. Crystallization affords a practical method of obtaining pure
chemical substances in a satisfactory condition for

8.



a. package and storing

b. nonvolatile solute and volatile solvent

c. evaporation and crystallization

d. atmospheric and soil corrosion

3. It is especially necessary that the crystals be of ___size.

a. condensed and discarded

b. spare and automatic

c. reasonable and uniform

d. initial and valuable

4. Crystal size distribution (CSD) must be under control; it is a
prime objective inthe  of crystallizers.

a. evaporation and crystallization

b. protection and application

¢. construction and production

d. design and operation

5. Crystallization may be analyzed from the standpoint of purity,
yield,and .

a. energy requirements

b. rates of formation

c. growth of crystals

d. all of the above

1.5 Extraction

Solvent extraction” is the transfer of a solute species (¥ 24
J&) from its initial location to a solvent known as the extracting
solvent®. The pure solute may be a liquid or a solid at the operating
temperature ($%{Fifil/) but this is unimportant because initially the
solute will be located either in a solution or in association with (45-+-
&) a solid. When the solute is in solution the extraction process is
called liquid-liquid extraction, and the extracting solvent (ZXEU 4%

Qo



7)) must be substantially immiscible®™ with the original solvent. If,
on the other hand, the solute forms part of a solid (which need no be
“dry”’) the process is termed (¥ &) solid-liquid extraction.

In liquid-liquid extraction, the extracting solvent must have a
suitably selective affinity” for the appropriate solute which
sometimes occurs in company with (Fl:--f£—3&) materials other
than (& --- LA 4h) the original solvent. This selectivity is very
important because the essence of liquid-liquid extraction is the
separation of a particular solute from other materials® by means of
selective transfer (JEFEM[K1f£i$) to the extracting solvent. It must
be remembered that the solute extracted is not always the most
valuable product of the separation process; the aim might be to purify
($226) the original solvent by removal of an unwanted solute, or
perhaps to remove one of two solutes from the original solution.

The technique of separation by solvent extraction is often
attractive in circumstances where distillation is unsuitable. If, for
example, the solute is heat sensitive, or present in very low
concentration ( % & ), then liquid-liquid extraction may be
appropriate.

In solid-liquid extraction, one constituent (4143}) of a solid is
transferred to an extracting solvent and is thereby separated from the
rest of the solid. The extracted material is not necessarily a solid but
may be present in the bulk solid (B4R [E 1) in a liquid form. Some
solids even have an intrinsic® solvent content (457 & &) which
becomes evident during the subdivision (484}) process. Sugar beet,
for example, is extracted with water and is itself about 30% water by
weight (X E &)

Since a solid does not flow as™ do the fluids in liquid-liquid
extraction, the equipment for solid-liquid extraction is different from
that for liquid-liquid equipment.

¢ 10 -



