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charged dust particles are trapped on the dust collecting plate. At present, tube-type or tube-plate dust collectors 
are widely used. 

(1) Treatment of lime dust and alkali dust by tube-type high-pressure electrostatic precipitators. A GZD 100 
kV/20 mA single-tube electrostatic precipitator is used in the calcination workshop of Qingdao Soda Plant, which 
is installed above the alkali screen. After dust removal, the exit gas enters the cabin for further removal of alkali 
dust, and then is discharged into the atmosphere from the roof. A CGB 100 kV/0.02 A electrostatic precipitator is 
used in the lime workshop, which is installed at the top of the lime hoist. 

By using the electrostatic precipitator, the alkali dust in the exit gas of the alkali screen in the calcination 
workshop is reduced from 6000 mg/m3 to 300 mg/m3; the dust of the lime hoist is reduced from 3097 mg/m3 to 
150 mg/m3, with a recovery of 95%. 

(2) Treatment of lime dust discharged from the top of the lime kiln by a horizontal dust collector. The soda 
plant of Dalian Chemical Industry Company uses a BG-30m2 horizontal electrostatic precipitator to treat the 
vented kiln gas. The removed dust is subjected to vibration dust cleaning by a rocker hammer, humidified by 
seawater, and transported out of the factory by truck, and the de-dusted kiln gas is sucked by a draught fan and 
discharged into the atmosphere through a chimney. By using the collector, the dust content is reduced from 300-
5000 mg/m3 to 10 mg/m3, with a dust removal efficiency of 99.5%. 
 
Section III Comprehensive Utilization of Wastes to Produce Chemical Products 

The treatment of waste liquors and residues from ammonia alkali plants at the cost of investments for 
effective measures can certainly solve the problem of environmental pollution. However, it does not solve the 
problem of resource loss, and moreover, it increases the costs of products to varying degrees, thereby reducing 
the economic benefits of enterprises. As mentioned in the forgoing section, the treatment of waste liquors and 
waste residues in some ammonia alkali plants, such as the alkali plant of Dahua Company, increases the product 
cost by 6.3 - 13.2 yuan/ton of soda ash (sodium carbonate). Therefore, it is not a fundamental solution. The 
fundamental way to treat waste liquors and waste residues is to comprehensively utilize the wastes so as to turn 
the wastes into treasure for benefiting the people. The comprehensive utilization in some ammonia-alkali plants 
in China is described below. 

 
I. II. Preparation of Calcium Chloride and Refined Salt from Waste Liquors 
When calcium chloride is prepared from distillation waste liquor, refined salt can be produced as a by-product.  
1. Physical and chemical properties and uses of calcium chloride 
The general properties and uses of calcium chloride are shown in Section I of Chapter I. Calcium chloride 

absorbs moisture strongly in the air and deliquesces. The relative humidity of the air above CaCl•2H2O is 22% at 
20°C and 17% at 50°C. The equilibrium relative humidity of the air above CaCl•6H2O is 32.3% at 20°C and 31% 
at 24.5°C. When the gas is dried with granular calcium chloride at 25°C, the moisture in the gas can be reduced 
to 0.14 -0.25 g/m3. The actual water holding capacity (surface layer) of calcium chloride at 25°C is: 

Relative humidity of gas/% 36 60 70 80 85 90 95 
Water holding capacity/(kg/kg) 1.0 1.6 2.2 2.8 3.5 5.0 8.1 

Calcium chloride has anhydrate sand four hydrate forms, and their properties are listed in Table 16-2. 
CaCl2 dissolved in water can form a high concentration solution, and hydrate can be precipitated at a certain 

temperature. The relationship between the concentration and temperature of CaCl2 is shown in Table 16-3 and 
Figure 163. 

Table 16-2 Properties of Pure Calcium Chloride and Its Hydrate 
Property CaCl2 CaCl2 •H2O CaCl2•2H2O CaCl2•4H2O CaCl2 •6H2O 

ωCaCl2/% 100.00 86.03 75.49 60 ± 63 50.66 
Relative molecular mass, Mr 110.99 129.01 147.02 183.05 219.08 
Melting point mp/°C 772 260 176 45 30 
Boiling point bp/°C 1670 - - - -- 
Density (25°C)/g/cm3 2.22 2.24 1.85 1.83 1.72 
Heat generated (18 °C)/(kJ/kg) -7190 -8610 -9490 -10980 -11911 
Heat of melting/(kJ/kg) 256(772°C) - - - 170(30°C) 
Heat of hydration (anhydrous 
salt)/(kJ/kg) - -240 -295 -600 -840 

Heat of dissolution①/(kJ/kg) -680 -380 -290 -50 80 
Specific heat capacity/[J/(kJ • K)] 670 840 1170 1310 1420 

① Except for monohydrate, a case where 300mol of water is used, for other hydrates, 400mol water is used 
for 1mol solute. 
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Table 16-3 CaCl2Solubility in Water 
Tempe
rature 

ºC 
ωCaCl2/% Solid phase 

Tempe
rature 

ºC 

ωCaCl2/
% Solid phase 

-49.8 30.5 Ice + CaCl2 • 6H2O 50 56.9 CaCl2 • 2H2O 
-25 33.4 CaCl2 • 6H2O 75 59.1 CaCl2 • 2H2O 
0 37.3 CaCl2 • 6H2O 100 61.3 CaCl2 • 2H2O 

20 12.7 CaCl2 • 6H2O 125 63.7 CaCl2 • 2H2O 
30 50.0 CaCl2 • 6H2O + α-CaCl2 • 4H2O 150 67.2 CaCl2 • 2H2O 

29.5 52.4 
CaCl2 • 6H2O + β-CaCl2 • 4H2O
（metastable） 175.5 74.9 CaCl2 • 2H2O + CaCl2 • H2O 

29.2 53.0 
CaCl2 • 6H2O +γ-CaCl2 • 4H2O
（metastable） 200 75.7 CaCl2 • H2O 

40 53.6 α-CaCl2 • 4H2O 260 77.7 CaCl2 • H2O + CaCl2 
45.3 56.5 α-CaCl2 • 4H2O + CaCl2 • 2H2O 300 80 CaCl2 

 
Table 16-4 Relative Density (15°C) and Freezing Point of Commercial Calcium Chloride Solution 

CaCl2/% Relative density 
(15°C) Freezing point/°C CaCl2/% Relative density 

(15°C) Freezing point/°C 

0 1.000 0 16 1.145 -11.56 
2 1.018 -0.89 18 1.165 -14.50 
4 1.034 -1.89 20 1.386 -18.00 
6 1.052 -2.89 25 1.239 -29.44 
8 1.069 -4.11 30 1.295 -46.00 

10 1.087 -5.39 32 1.317 -28.61 
12 1.105 -7.06 33 1.328 -21.61 
14 1.125 -9.16 34 1.340 -15.39 

 
High concentration calcium chloride solution has a lower crystallization temperature. By using this property, 

a concentrated calcium chloride solution (brine) is often used as a low-temperature freezing medium. Table 16-4 
lists the data of concentration, relative density and freezing point of calcium chloride solutions. 

The recovery of calcium chloride and salt from distillation waste liquor follows the phase diagram of CaCl2 
and NaCl binary system. The solubilities of NaCl-CaCl2-H2O systems are 
listed in Table 16-5 and shown in Figure 16-4. 

2. Product Specification and Consumption Quota 
According to the current enterprise standard, the quality indexes of 

calcium chloride (dihydrate) are: CaCl2≥ 70%, NaCl ≤ 2.5%. The quality 
indexes of refined salt: NaCl ≥ 99%，Ca2+ ≤ 0.8%，SO2-

4  ≤ 0.02%，water 
insoluble ≤ 0.03%. 

Consumption Quotas Consumption quota for per ton of calcium 
chloride dehydrate: waste liquor: 7.5m²; steam: 3.2t; electricity: 19.3kW•h; 
river water: 120m³. Consumption quota for per ton of refined salt (1.2 t 
refined salt is produced from production of 1t calcium chloride dehydrate): 
crude salt: 0.8 - 0.85 t; steam: 2.7 t; electricity: 31.1kW•h; river water: 56 
m3 

3. Production Methods 
Calcium chloride products in China mainly include calcium chloride 

dihydrate and anhydrous calcium chloride. The production methods can be 
divided into: ammonia alkali waste liquor recovery method, potassium 
chlorate waste liquor recovery method and hydrochloric acid-limestone method. 
Only the recovery of ammonia alkali waste liquid is described here. 

(1) Process flow and process conditions Calcium chloride is recovered from 
the distillation waste liquor of ammonia alkali plants and refined salt (sodium chloride) is produced as a byproduct, 
which is also called salt and calcium co-production method. The process flow is shown in Figure 16-5 and Figure 
16-6.

Table 16-3 Solubility of 
CaCl2-H2O System 
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Fig. 16-4 Co-solubility of NaCl and CaCl2 in water 

 
Table 16-5 Solubility of NaCl-CaCl2-H2O System 

t/°C 
Liquid phase 

Solid phase t/°C 
Liquid phase 

Solid phase ωNaCl/
% 

ωCaCl2/
% 

ωNaCl/
% 

ωCaCl2/
% 

-25 13.8 11.2 NaCl • 2H2O + ice 75 27.45 0 NaCl 
 7.4 20.0 NaCl • 2H2O  1.7 40.0 NaCl 
 1.3 32.8 NaCl • 2H2O + CaCl2 • 6H2O  1.0 50.0 NaCl 
 0 33.5 CaCl2 • 6H2O  0.9 55.0 NaCl 

0 26.3 0 NaCl  0.8 58.4 NaCl + CaCl2 • 2H2O 
 8.4 20.0 NaCl  0 58.8 CaCl2 • 2H2O 
 0.9 35.0 NaCl 100 28.2 0 NaCl 
 0.6 36.9 NaCl + CaCl2 • 6H2O  11.4 20.0 NaCl 
 0 37.2 CaCl2 • 6H2O  2.2 40.0 NaCl 

25 26.45 0 NaCl  1.2 55.0 NaCl 
 8.9 20.0 NaCl  1.1 60.2 NaCl + CaCl2 • 2H2O 
 0.7 40.0 NaCl  0 60.9 CaCl2 • 2H2O 
 0.5 44.65 NaCl + CaCl2 • 6H2O 125 29.0 0 NaCl 
 0 44.9 CaCl2 • 6H2O  12.3 20.0 NaCl 

50 26.8 0 NaCl  2.9 40.0 NaCl 
 9.6 20.0 NaCl  1.7 55.0 NaCl 
 0.6 55.0 NaCl  1.6 60.0 NaCl 
 0.6 56.6 NaCl + CaCl2 • 2H2O  1.5 62.8 NaCl + CaCl2 • 2H2O 
 0 56.9 CaCl2 • 2H2O  0 63.8 CaCl2 • 2H2O 

The technological process is characterized by fully removing calcium (CaCl2) in salt making and fully 
removing salt during calcium chloride making to ensure the quality of both products. 

The distillation waste liquor is naturally evaporated on the beach to concentrate to contain 120 g/L CaCl2, 
sent into a salt dissolving barrel, and added with some crude salt to make a calcium brine containing 90 g/LCaCl2 
and 220g/L NaCl. After being preheated by a preheater, the calcium brine is sent to a double-effect evaporator for 
counter-current evaporation, so as to prepare refined salt and calcium chloride solution. The calcium chloride 
solution is then made into a calcium chloride dihydrate product via a climbing film device and a falling-film 
device. 

The technological conditions of double-effect evaporation for refined salt production are as follows: the first-
effect temperature is 125°C, the evaporator pressure is (0.196 -0.392) × 105Pa, and the heating steam pressure is 
(4.9 -5.39) × 105Pa; the secondary effect temperature is 74°C, and the evaporator pressure is-0.80 × 105 Pa.The 
two-effect temperature is 74°C and the evaporator pressure is-0. 80 × 105Pa.

After double-effect evaporation, the calcium brine was concentrated to contain 450 g/L CaCl2; at the same 
time, the NaCl crystals are precipitated, and the calcium brine is then sent to a salt slurry barrel, and further to a 
centrifuge for separation; sodium carbonate solution is sprayed to prevent agglomeration; then, the solution is 
dried in a fluidized bed furnace to obtain a high-quality refined salt containing 99.0% -99.6% NaCl. 
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FIG. 16-5 Refined Salt Production Flow 

1-One-effect evaporation tank; 2-Two-effect evaporation tank; 3-Water ejector; 4-Preheater; 5-Heater; 6-
Separator; 7-Salt slurry tank; 8-Centrifuge; 9-Fluidized bed drying furnace; 10-Preheater; 11-Air blower;

 

 
FIG.16-6 Process Flow for Liquid Calcium Chloride Production 

1-Calcium liquid tank; 2-High brine tank; 3-Hot water tank; 4-Preheater; 5-Climbing film evaporator; 6-Liquid 
calcium pool; 7-Separator; 8-Falling film evaporator; 9-Storage tank; 10-Water ejector 

 
The technological conditions for calcium chloride production by film evaporation method are as follows: the 

calcium brine concentrated by the double-effect evaporator is clarified for salt precipitation; the precipitated salt 
having a high CaCl2 content is sent back, as a raw material salt, to the salt dissolving barrel for reuse; the clarified 
calcium solution is concentrated to contain 600g/LCaCl2 by a climbing-film evaporator; after clarifying and 
removing NaCl, the solution is sent to a falling-film evaporator to be evaporated to contain 70% -72% CaCl2; then 
the product is packed with barrel, which becomes a solid calcium chloride dihydrate product when becoming 
cooled. 

In addition to barreled calcium chloride dihydrate, it can also produce flaky calcium chloride dihydrate 
products. The process for producing flaky calcium chloride dihydrate product is: the solution evaporated by a 
falling film evaporator to contain 70% - 72% liquid calcium chloride is put into a storage tank that is thermally 
insulated with steam, and flows by gravity into a drum-type flaking machine; the inner surface of the drum is 
sprayed with cooling water, so that the liquid calcium chloride on the outer surface of the drum solidifies into 
solid calcium fluoride with a thickness of 1 -2mm, which is scrapped by a scraper as flaky calcium chloride; the 
flaky calcium chloride is cooled to 60-70°C and packed in polyethylene woven bags (a new film is sandwiched 
between two layers of woven bags). 

In preparing high-quality CaCl2, impurities should be further removed during clarification. The method 

comprises the following steps: removing NaCl from the waste CaCl2 solution evaporated to 40% concentration,  
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