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Soviet Union.

The book mainly describes the technology and automatic control of
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liquor of soda production are also introduced.
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Each ammonia absorption equipment is assembled by several cylindrical column rings

connected by flanges, and the bubble column tray is fastened by bolts between the column rings.

Brine comes from the previous column tray (or from the previous equipment) to the bubble
column tray and overflows to the next column tray through the overflow groove. The gas comes up
from the lower column ring of the ammonia absorption equipment, bubbles after passing through the
brine layer on the column tray, and enters the other column ring of the ammonia absorber or scrubber.
When the gas passes through the brine layer (the height of the brine layer is determined by the height
of the cap immersed in the brine), the liquid is agitated and bubbles, forming an effective surface for
absorbing ammonia.

The diameters of the ammonia absorber and scrubber, which are the main equipment in the
ammonia absorption procedure, are both 2.8 meters, but the numbers of their bubble trays are different.
There are four trays in the filter air scrubber and the ammonia absorption gas scrubber, respectively,
six trays in the second scrubber of tower gas and five trays in the first ammonia absorber (as per the
brine flow direction). The height of the second scrubber of tower gas is 8.8 m, and that of other
equipment is about 7 m. The upper part of the ammonia absorption equipment is an empty tower ring,
which is used to recover the brine droplets carried away by gas. The pieces of equipment are separated
by trays.

The structures of the second scrubber of tower gas and the first ammonia absorber are shown in
FIG. 5-6 and FIG. 5-7.

The second ammonia absorber of the ammonia absorption tower is of scrubbing tower type (FIG.
5-8). Its packing is water-cooled tubes made of cast iron and nickel-chromium alloy, which are
installed on the carved board of seven-layer cast iron tower rings. The cooling area of each tower ring
is 170 m? and the total height of the equipment is about 7 m. The gas from the ammonia distillation
cooler enters the empty ring at the lower part of the equipment. The upper tower ring is provided with
a tower tray for uniformly distributing the incoming liquid.

The ammonia distillation gas cooler (FIG. 5-9) is part of the ammonia absorption tower. It has
five cooling tower rings with a heat exchange area of 170 m? per ring. The gas from the ammonia
distillation gas cooler enters the upper empty ring of the equipment, and after cooling, enters the
second ammonia absorber via the lower empty ring.

The ammoniated brine spray cooler is shown in FIG 5-10, and the plate cooler is shown in FIG.
5-11.

The plate cooler consists of groups of stainless steel corrugated plates, and the number of plates
depends on the heat exchange area of the equipment. The plates are connected in pairs with the inlet
and outlet main pipes of ammoniated brine and cooling water, and sealed with rubber pads, which are
tightly attached to the periphery of the plates and the periphery of holes to form necessary gaps
between the plates. The groups of plates are fastened to the fixing board with movable plates.

The plate cooler is characterized by high heat exchange coefficient (up to 2750 kcal/(m?« hr
* °C), good cooling water use effect, easy operation and easy disassembling for inspection and

cleaning.
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ITI. Equipment for Carbonation Procedure

The equipment of carbonation procedure of a soda plant includes main equipment and machines
(carbonation column, column gas scrubber, and carbon dioxide compressor) and auxiliary equipment
and machines (liquid storage tank, column metering tank, centrifugal pump for supplying
ammoniated brine to the column).

Carbonation column Carbonation columns used in soda plants in the Soviet Union have
different total sizes, structures of bubble column rings and cooling column rings, and cooling areas,
so the columns have different production capacities.

The carbonation column (FIG. 6-6) shows a vertical and cylindrical equipment consisting of cast
iron column rings connected by bolted flanges. The flanges are sealed with rubber gaskets. Various
types of columns have inner diameters of 1.8 meters to 3.0 meters and heights from 21.7 meters to 27
meters.

The column is mounted on a bottom ring 1. The lower part of the column consists of cooling
rings 3. The upper part of the column consists of ordinary empty absorption rings 4—sometimes also
called column rings. Between the flanges of two adjacent column rings, except for the upper three
rings, a cast iron bubble column tray is installed.

The bubble column tray (FIG. 6-7) is a middle base tray 1 with a large hole in the center, and
eight small holes are provided around the large hole. A convex cap 2 is covered on the base tray, and
the edge of the cap is serrated. The whole surface of the cap is provided with conical holes. The tray
installed in the cooling zone at the lower part of the column may not have such holes.

The cooling ring of the column (FIG. 6-8) has a special shape. Its outer side generally has two
protruding parts, forming two empty chambers. Rows of small tubes are twisted into the holes of the
empty chambers, and cooling water is introduced into the tubes. The empty chamber is equipped with
a partition plate to change the flow direction of cooling water, which can speed up its flow rate in the
small tubes, thus improving the heat transfer coefficient. The small tubes of the cooling ring are made
of stainless steel with a thickness of 3 mm, or a special cast iron containing 0.5% of Ni, 0.4% of Mn
and 0.4% of Cr. A glass tube level gauge (illuminator) is usually installed between the second and the
fifth rings on the upper part of the column for observing the liquid level.

Ammoniated brine and pre-carbonation liquid enter the column from the tube nozzle of the
fourth or the fifth ring on the upper part of the column (see FIG 6-6). The lower ring (bottom ring) of
the column has two tube nozzles 2 and 10, one for the introduction of concentrated carbon dioxide
gas and the other for the discharge of liquid. Kiln gas usually enters the column through the tube
nozzle between the third cooling ring and the fourth cooling ring (counted from bottom to top), or
through the tube nozzle between the seventh cooling ring and the eighth cooling ring. Each ring of

the column is provided with inspection holes.

https://img.duxiu.com/n/jpgfs/book/base/11063193/0859¢76c268f4023959be8840589a52b/013a20774318a61feb3e95¢955f402cb.shtml?uf=1&t=1... 7/13

China Chengda, EX1016, p. 21



170
In the processing of waste liquor of ammonia distillation, in addition to calcium chloride, edible

salt is also prepared, which is sold as a commodity or used as a raw material for producing soda.

According to the types of products produced, the concentration process of clarified waste liquor
of ammonia distillation should be carried out under certain technological conditions, and the
temperature and pressure conditions should be followed. That is, solid sodium chloride should be
precipitated first, and then the concentration of CaClz in the liquid phase should reach 38% so as to
meet the requirement for the commercial liquid calcium chloride component.

To produce a molten or flaky solid product, the 38% CaClz solution obtained is further
concentrated and the edible salt precipitate once again precipitated is separated.

Process Flow FIG. 11-1 shows the flow of liquid calcium chloride production.

to the
condenser

Waste liquor of
ammonia distillation

}r?
E 7" Sludge to the )
i vacuum filter BaCl, solution -
& 8%
(=
L4 ;! w
0 !:%' ' i ¢}  From
dL drr equipment 20
Sludge — " [—-j
b 13 )
From 2
equipment .
= - =
To equipment 12 2323
25
2 s
18 j" =
7 ; . C
" Ll Sent for =
B ;ﬂg o 13- producing 21 =
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FIG. 11-1 Process Flow of Liquid Calcium Chloride Production
1,7, 16, 20 - Thickener; 2, 5, 8, 9, 21 - Collection tank; 3 - Carbonizer; 4 - Storage tank with a
stirrer; 16 - Reactor; 10 - Evaporator; 11 - Heat exchanger; 12, 17 - Slurry storage tank; 13 -
Clarifying barrel; 14 - Centrifuge; 15 - Salt dissolving barrel; 18 - Clarified CaCl: liquid storage
tank; 19 - Rotary crystallizer; k - Liquor condensate; i - Vapor
The waste liquor of ammonia distillation should be clarified and chemically refined before
entering the main equipment for calcium chloride production. Clarification of the waste liquor is
carried out in thickener 1. In order to reduce the liquid loss in sludge discharge, the waste sludge
settled here is sent to a disc vacuum filter, filtered and then discharged into the "White Sea". The
clarified liquid flows from the thickener into the collection tank 2, and then is pumped into the
carbonizer 3 through a metering tank, and carbon dioxide gas is fed from the lower part of the

carbonizer.

https://img.duxiu.com/n/jpgfs/book/base/11063193/0859¢76c268f4023959be8840589a52b/013a20774318a61feb3e95e¢955f402¢cb.shtml?7uf=1&t=1... 8/13

China Chengda, EX1016, p. 22



171

The function of the carbonizer is to make calcium hydroxide precipitate so as to prevent the
equipment from scarring. Waste sludge (calcium carbonate) generated in the carbonation process is
discharged from the pointed bottom of the carbonizer to the storage tank 4 that has a stirrer and then
is further sent to a waste yard. The clarified waste liquor of ammonia distillation flows into the
collection tank 5 and is pumped into the reactor 6. Barium chloride solution is added into the reactor,
which reacts with sulfate contained in the waste liquor of ammonia distillation to precipitate barium
sulfate. This can prevent gypsum from scarring on the heated surface of evaporation equipment later.

The waste liquor of ammonia distillation, after removal of sulfate ions, is clarified in the
thickener 7. Sulfate waste sludge precipitated at the bottom of the thickener 7 is pumped into the
thickener 1, and is sent, together with suspended impurities separated here, to the disc vacuum filter.
The clarified solution from the thickener 7 is pumped into the triple-effect evaporator 10 through the
collection tank 9 for evaporation. The heat of the liquor condensate of the primary vapor and
secondary vapor is used in the heat exchanger 11 to preheat the waste liquor of ammonia distillation,
and then the condensed water is sent to a thermal power station.

In the concentration of waste liquor, NaCl crystals are precipitated in the third effect of the
evaporator. The slurry is thickened in the clarifying barrel 13, and then filtered in the centrifugel4 to
separate NaCl from the calcium chloride solution. After the salt is dissolved with condensed water,
the saturated brine in the salt dissolving barrel 15 is sent for refining for further use.

In order to remove suspended NaCl crystals, the calcium chloride solution enters the thickener
16 from the clarifying barrel 13, and the overflow flows into the storage tank 18, and then is pumped
into the rotary crystallizer 19 to further remove the salt from the solution to obtain a 38% calcium
chloride liquid product. A portion of the CaClz solution is sent from the storage tank 18 to the solid
calcium chloride workshop.

The calcium chloride solution containing suspended salt particles enters a small tank from the
rotary crystallizer 19 and flows into the thickener 20 through a chute. The salt slurry is fed into the
storage tank 12 from the pointed bottom of the thickener, and then into the clarifying barrel 13 for
use in the next step of production. The cooled and clarified 38% CaClz solution flows from the
thickener 20 into the collection tank 21 and is then sent to the finished product warehouse.

A portion of the calcium chloride solution for processing into a solid product (FIG. 11-2) is fed
into the vacuum crystallizer 1, the upper part of which is a carburetor. When passing through the
vaporizer, the solution boils and is cooled by the vaporization of water in the solution, thereby
increasing the NaCl crystallization and CaClz2 concentration. The suspension is pumped from the
bottom of the crystallizer into the thickener 4. Vacuum in the equipment is provided by the ejector 2.

The ejector pumps out the secondary vapor and sends it to the surface condenser 3.
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The clarified 40% calcium chloride solution flows into the storage tank 5 from the thickener 4,
then is pumped into the preheater 6 and further into the tubular evaporator 7, where it is steamed to
the molten state. Heating of the solution is carried out with liquor condensate of heating vapor.

The molten liquid of calcium chloride flows from the evaporator to the flaking machine 11. The
flaking machine is a rotary drum, the inside of which is cooled by water, and a part of the outside of
which is immersed in the molten liquid filled to a certain level of the drum tank of this machine. Thin
hard shell formed on the surface of the rotary drum is scraped off by a scraper and broken into pieces
of flakes. The calcium chloride flakes fall on the belt conveyor 12 through a chute tube, and the belt
conveyor sends the calcium chloride flakes into the rotary dryer 13 for "processing". The purpose of
this operation is to evaporate excessive solution from the surface of the flakes so as to prevent the
calcium chloride flakes from caking during storage.

CaCl: flakes enter the cooler 15 from the dryer, from which they are sent to the finished product
warehouse for packaging via the belt conveyor 16. The outgoing gas of the dryer passes sequentially
through the scrubber 17 and the separator 18 to remove the suspended particles of the product, and
then is vented by a ventilator.

Main equipment  The sizes of the thickeners used in calcium chloride production are as
follows: the thickeners for clarifying the waste liquor of ammonia distillation are 15 m in diameter
and 3.6 m in height; and the thickeners for separating the 38% CaClz solution from salt is 9 m in
diameter and 3.6 m in height. The reactor for removing sulfate ions from the waste liquor of ammonia
distillation by chemical refining is 2.6 m in diameter and 8.1 m in height.

The removal of salt from the suspension of the 38% CaCl: solution is carried out in a HI'TI-2K-
800K continuous-acting horizontal pulse discharge centrifuge, with a clarifying barrel disposed in
front of the centrifuge.

All effects of an evaporator are of the same type, and for each effect, there are two external
heating chambers and a central circulation pipe (natural circulation). The total heating area per effect
is 426 m?. The heat exchanger is a vertical tubular heat exchanger.

The vacuum crystallizer has an outer diameter of 2.4 m, an inner diameter of 2 m, a total height
of 18.15 m and a volume of 32.7 m>. In the final stage of the concentration process, an evaporator
with an internal heating chamber is used, which has a diameter of 2.2 m, a height of 9.62 m and a
heating area of 230 m>.

The rotary counter-current dryer is 2 m in diameter, 12 m in length and 45.6 m® in volume. The
rotary cooler is equipped with a water cooling device. The equipment has a diameter of 1.6 m, a length
of 14 m, and a cooling area of 41.6 m>. The rotary drum of the flaking machine is 0.8 m in diameter

and 2 m in length. The rotation speed of the rotary drum is 16 rpm.
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In order to recover the product dust, after the dryer and cooler, there are: a foam type scrubber

(2 m in diameter and 3.75 m in height), and a separator (1.6 m in diameter and 3.6 m in height).
Technological conditions  The main indexes of clarification and chemical refining process
of waste liquor of ammonia distillation are as follows:
Purification rate, %
Removal of suspended impurities -----+--+-=---eeeeeeeereaneens 992
RemMOval OF SULFAE (NS <+« -evrrrrrrrreemmmmnaammmiaemeaaeans 97.6
Loss of ammonia distillation waste liquor clarified
together with waste sludge (after disc filter), % -« «--c-errereeeeeeeees 5
The operation indexes of the triple-effect evaporator operated in the direct flow mode are as
follows:
CaCl; solution concentration, %
Tnlet fOr the first @FfeCt - ««««-«r«rerrrrrremmmemmnaaamaeaaeeaeaenns 10.8
Outlet For the third effect ««««-«« - v« rrrrermmammmaeeaeaeeeaeaenns. 38.0

Absolute pressure of vapor, atm

Heating vapor at the inlet for the first effect .........ccocenininiinininnin, 7

Secondary vapor in the third effect .........ccoceveveeciinciecieieieeeee 0.145
Vapor temperature, °C

Heating vapor at the inlet for the first effect..........cccooeviniininnnne. 164

Secondary vapor in the third effect........c.cccovveievierieniiniececeee, 53
CaCl, solution temperature, °C

After the preheater -« +++rwwersrerrrrerrr 115

Within the first effect= -« rrrrrrrrrmrmmmnmrnaeareeeeeean 149

Within the SEcond effect <« -+« rrrrrrrrrrrrmrnarnaeeeeaeaeeein 125

With the third effect ...........ocooiiiiiiiee 73

The salt separated in the centrifuge 14 passes through the clarifying barrel 13 (see FIG. 11-1),
and is dissolved with condensed water to make brine containing 310 g/L NaCl.

The concentration conditions of the 38% CaClz solution in the vacuum crystallizer are as follows:
the content of CaClz is 37-40% in the feed liquid and 38-41% after passing through the vacuum
crystallizer, and the content of NaCl is not more than 1.1% after passing through the vacuum
crystallizer.

In the last stage of evaporation (when preparing molten liquid), the following conditions are
maintained:

Vapor pressure, atm
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t, °C
Heating VAPOT ......cccvieeiiieieeeiie e ertee ettt e st e e e e s 14.3-15
SECONAATY VAPOTL....uiiiieiiiiieitieiiieeire e ere e ere e e sreesreestaestaesraesesessneeens 1-1.1
Solution temperature, CC...........coveveeiiiuieeeeriereeeeete et ee e ere e ene e 178
Concentration of CaCl; in the evaporated solution, %.......c..ccccecuenenee. 70-72

The temperature conditions of calcium chloride flaking process in a flaking machine with a 4 t/h

production capacity are as follows:

t, °C
Molten liquid in the equipment -«««--++««-=xsreeermrreemree, 175-179
Flaky calcium chloride.........cccuiiiiiieciiieiieciiecee e 100
Discharged COOlING WateT ..........cccvieeuiieriieeiieeieeeiieeeveeereeeieeesevee e 40-50

When flaky calcium chloride is dried and cooled in a unit with a 11.7 t/h production capacity,

the following temperature conditions are maintained:

Product t, °C
Inlet Of drier ....................................................................... 90
OULIEt OF AIEr <+ - v vvrrermrrmeneen et 140-150
OULLEt OF COOLET -+« +vrvvrerrrermemaen e et e e e 60-70

Flue gas
Lt OF i@ <« -« vvrvvrrrrrermmnmennen et 600-800
OULIEt OF AL -+« v v vvrrermrrmenm et 140-130

The content of CaClz in the dried product is in the range of 76%-80%.
The consumption quotas (calculated as for 67% CaClz) for producing 1 ton of 38% CacCl: liquid

calcium chloride product and 1 ton of 76% CaClz solid flaky calcium chloride product are listed

below:
Consumption item Liquid product Solid flaky product
Waste liquor of ammonia distillation, m? «-------oeeeeeeees 6.04 -
Barium chloride ('OCT742-67, Grade I),
K eeeeree e 13.7 .
CaCly SOIUtion (38%), TON -+ +++++wwerrssrrrrnnnssserriiinaeiiiiinn _ 2.17
Vapor, ton
PrLeSSUIE 7 At -« v errrrrrmenmnmnmnameaeaeaeaeans, 1.241 .
PreSSUre 15 At - - -vrrrrrrmmrnmnmneeeaeaeeeeans, . 0.619
EleCtriC energy, kWh .............................................. 723 634
NALULA] GAS, M -+ e+ eeseeseeeromemeeeeaieaea e - 17.7
Industrial water (circulating water), m? 58.5
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