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Module One

Chemical Production




Unit One

RS -

Production of Sodium Carbonate

Sodium carbonate (also known as washing soda, soda crystals or soda ash), Na;COs, is a sodium
salt of carbonic acid. It most commonly occurs as a crystalline heptahydrate, which readily
effloresces to form a white powder, the monohydrate; and is domestically well known for its

everyday use as a water softener.’ It has a cooling alkaline taste, and can be extracted from the
ashes of many plants. It is synthetically produced in large quantities from table salt in a process
known as the Solvay process.

Uses

The manufacture of glass is the most important use of sodium carbonate. When it is combined
with sand (SiO;) and calcium carbonate (CaCOs3) and heated to very high temperatures, then
cooled very rapidly, glass is produced.” This type of glass is known as soda lime glass.

Sodium carbonate is also used as a relatively strong base in various settings. For example,
sodium carbonate is used as a pH regulator to maintain stable alkaline conditions necessary for
the action of the majority of developing agents. It is a common additive in municipal pools used
to neutralize the acidic effects of chlorine and raise pH. In chemistry, it is often used as an
electrolyte. Additionally, unlike chloride ions which form chlorine gas, carbonate ions are not
corrosive to the anodes. It is also used as a primary standard for acid-base titrations because it is
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solid and air-stable, making it easy to weigh accurately.
Production

Solvay process: In 1861, the Belgian industrial chemist Ernest Solvay developed a method to
convert sodium chloride to sodium carbonate using ammonia. The Solvay process centered
around a large hollow tower. At the bottom, calcium carbonate (limestone) was heated to release
carbon dioxide:
CaCO, CaO + CO,

At the top, a concentrated solution of sodium chloride and ammonia entered the tower. As

the carbon dioxide bubbled up through it, sodium bicarbonate precipitated:
NaCl + NH; + CO, + H,0 NaHCO; + NH,CI

The sodium bicarbonate was then converted to sodium carbonate by heating it, releasing

water and carbon dioxide:

2 NaHCO; Na,CO; + H,0 + CO,

Meanwhile, the ammonia was regenerated from the ammonium chloride byproduct by

treating it with the lime (calcium hydroxide) left over from carbon dioxide generation:
Ca0 + H,0 Ca(OH),
Ca(OH); + 2 NH,Cl1 CaCl, + 2 NH; + 2 H,0

Because the Solvay process recycles its ammonia, it consumes only brine and limestone, and
has calcium chloride as its only waste product. This made it substantially more economical than
the Leblanc process, and it soon came to dominate world sodium carbonate production. By 1900, 90%
of sodium carbonate was produced by the Solvay process, and the last Leblanc process plant
closed in the early 1920s.

Hou’s process: Developed by a Chinese chemist Hou Debang in 1930s, the first few steps
are the same as the Solvay process. However, instead of treating the remaining solution with lime,
carbon dioxide and ammonia are pumped into the solution, then sodium chloride is added until
the solution saturates at 40°C. Next, the solution is cooled to 10°C. Ammonium chloride

precipitates and is removed by filtration, and the solution is recycled to produce more sodium
carbonate.” Hou's process eliminates the production of calcium chloride and the byproduct
ammonium chloride can be refined or used as a fertilizer.

New Words

alkaline [‘eelkalin] a. &4y, Smd
ammonia [8'maunje] n. &, &K
anode [‘eenend] n. FE#%

bicarbonate [bai'ka:benit] n. B A%
brine [brain] =a. HK, #K, #Hk
calcium [keelsiam] n. 4%

carbonate [ka:baneit] n. ##k 2
chloride [klo:raid] n. f4t#



chlorine [klo:ri:n] n. &, &4

crystalline [kristalin] a. K&#, MAKHe, LRHAH
dioxide [dai'oksaid] n. =&/

effloresces [eflo:'res] vi. 74, R4k
electrolyte [i'lektralait] n. Lk, ©#R
fertilizer ['fo:tilaize] n. FEHt

filtration [filtreifen] n. iLi&, ik
heptahydrate [hepta'haidreit] ». tXKES4
hydroxide [hai'droksaid] n. &
limestone [laim.sstoun] n. ERT
monohydrate [monau'haidreit] »n. —&K&4H
neutralize ['nu:tralaiz] ve. fE% %, PHe
precipitate  {pri'sipiteit] vi. &

saturate ['seet[oreit] vr. iFB, i2i&, Eiafe
soda ['ssuda] n. FRir, 4hsk

sodium ['saudiiem] n. 44

titration [tai'treifen] n. BFHZE

Notes

1. It most commonly occurs as a crystalline heptahydrate, which readily effloresces to form a
white powder, the monohydrate; and is domestically well known for its everyday use as a
water softener.

A A IHFIBELEM, and EE T HESNE occurs Al is well known...as, EIEMNA
which ... powder f£1fi heptahydrate. AT EFA: RERWEH U-LKERBEFE, RES
RAZE R HERN—KEYHK. EHRANTBRIIIIREB % HA%KMAN.

2. When it is combined with sand (SiO,) and calcium carbonate (CaCOj3) and heated to very high
temperatures, then cooled very rapidly, glass is produced.

When 5| 3 i EPRE, ZMAPHEBNIEFIRLS M with BFIFEF]RiE sand f calcium
carbonate, it #3518 iEFA] heated to (HBE T is). MLAIWIEN: HEREEH S5V T RBRERYS
BETEE, MARREHEE, RETREAIN, BRreE THHE.

3. Ammonium chloride precipitates and is removed by filtration, and the solution is recycled to
produce more sodium carbonate.

AR FFIA), AT —0FIXFHF] T 1BE3hA precipitates 1 is removed. A% 4: ik
A RRUTIE, TUBRRZE . WA A DA A 7= T £ OB ER A

Exercises
1. Translate the expressions.
(1) id¥kHRE
(2) R <E
() RRFiE
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@) WA
(5) |ALEBI™= 5
(6) sodium bicarbonate
(7) primary standard
(8) acidic effects
(9) soda lime glass
(10) in various settings
2. Translate the names of the soda ash production.

: Carbon
Carbon Biine dioxide
dioxide
Sodium

Ammonia bicarbonate

Sodium

Atiifonia carbonate

chloride

Sodium
chloride

3. Sentence scramble.
(1) BRERGIEH LILANSS dk B R FR e .
sodium carbonate, as, commonly, crystalline, occurs, a, heptahydrate
(2) BREREMMARB NI, HRBOKF — S L.
was, releasing, the, carbon dioxide, water, and, heating, it, by, sodium carbonate, sodium
bicarbonate, converted to
() BASTHRIRE, KRR & Y.
sodium carbonate, is, it, as, accurately, weigh, to, easy, accurately, acid-base, for,
titrations, primary standard, because, used, is
@) RRZEIFELH, MR ABRBAE D 53 S My,
substantially, Hou's process, it, and, soon, is, economical, to, came, world, production,
dominate, sodium carbonate
(5) RN BEE NIRRT,
glass, the, use, important, is, of, sodium, carbonate, manufacture, the, of, most
4. Make use of the following key words to write down a essay.
CRBREBRIRBII T AR B R BEE. RIEFURMBAM T R ER . A5
FHEEAR G008 RACIIRA B RAR . KRG T SR MR hsE . A Ekst
B8 R LA R R B4k 2 A e

sodium-carbonate-bearing, soda ash, essential raw material, synthetic, brines, detergents,
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sodium carbonate, two varieties of, natural, chemical processes

Reading Material |

Production of Sulfuric Acid

Sulfuric acid, (or sulphuric acid in British English) HySO,, is a strong mineral acid. It is soluble
in water at all concentrations. Sulfuric acid has many applications, and is one of the top products
of the chemical industry. World production in 2001 was 165 million tons, with an approximate
value of US$8 billion. Principal uses include lead-acid batteries for cars and other vehicles, ore
processing, fertilizer manufacturing, oil refining, wastewater processing, and chemical
synthesis. ”

Uses

Sulfuric acid is a very important commodity chemical, and indeed, a nation’s sulfuric acid
production is a good indicator of its industrial strength. The major use (60% of total production
worldwide) for sulfuric acid is in the “wet method” for the production of phosphoric acid, used
for manufacture of phosphate fertilizers as well as trisodium phosphate for detergents.

Sulfuric acid is used in large quantities by the iron and steelmaking industry to remove
oxidation, rust and scale from rolled sheet and billets prior to sale to the automobile and white
goods industry. Another important use for sulfuric acid is for the manufacture of aluminum
sulfate, also known as paper maker's alum. Sulfuric acid is also used as a general dehydrating
agent in its concentrated form.

Manufacture

Sulfuric acid is produced from sulfur, oxygen and water via the conventional contact process or
the wet sulfuric acid process.

Contact process

In the first step, sulfur is burned to produce sulfur dioxide.

5(s) + Og) S0(g)
This is then oxidized to sulfur trioxide using oxygen in the presence of a vanadium(V)

oxide catalyst.
2 SO,(g) + Oy(g) —— 2 SO4(g) (in presence of V,0s)
The sulfur trioxide is absorbed into 97%—~98% H,S0, to form oleum (H;S,07), also known
as fuming sulfuric acid. The oleum is then diluted with water to form concentrated sulfuric acid.
HS04(1) + SO; —— H,8,0:(1)
H,8,0,(1) + H;0() 2H,S0, (1)
Note that directly dissolving SO; in water is not practical due to the highly exothermic
nature of ‘the reaction between sulfur trioxide and water. The reaction forms a corrosive aerosol

6



that is very difficult to separate, instead of a liquid.
S0s(g) + H,O(l) —— HzSO,(1)

Wet sulfuric acid process

In the first step, sulfur is burned to produce sulfur dioxide:
S(s) + Ox(g) SO:(g)
or, alternatively, hydrogen sulfide (H,S) gas is incinerated to SO, gas:
2H,S + 30, 2H,0 + 280, (-518 kJ/mol)
This is then oxidized to sulfur trioxide using oxygen with vanadium( V') oxide as catalyst.
250, + 0, 2S50; (-99kJ/mol)
The sulfur trioxide is hydrated into sulfuric acid H,SOy:
SO; + H,0 H,S04(g) (-101kI/mol)
The last step is the condensation of the sulfuric acid to liquid 97%~98% H,SO,:
H,S04(g) H,S04(1) (~69kJ/mol)




Unit Tw
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Production of Polyethylene

Polyethylene is a thermoplastic polymer consisting of long chains of the monomer ethylene. The
name is abbreviated to PE in a manner similar to that by which other polymers like
polypropylene and polystyrene are shortened to PP and PS respectively. !

The ethylene molecule C;H, is CH,; =— CH,. Two CH, groups connected by a double bond,
thus: Polyethylene contains the chemical elements carbon and hydrogen.

Polyethylene is resistant to water, acids, alkalies, and most solvents. Its many applications
include films or sheets for packaging, shower curtains, unbreakable bottles, pipes, pails, drinking
glasses, and insulation for wire and cable.

Classification

Polyethylene is classified into several different categories based mostly on its density and
branching. They are ultra high molecular weight polyethylene, ultra low molecular weight
polyethylene, high molecular weight polyethylene, high density polyethylene, high density
cross-linked polyethylene, cross-linked polyethylene, medium density polyethylene, linear low

.



