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Abstract: A heat regeneration system is presented for the emptying of the lime boilers in a normally conventional lime-room to reduce the 

sulphur gases emitted from the blowing tank. The vapor passes through the pipes from the blowing tank to the blowing condensate reservoir 

for regeneration of valuable secondary heat. Non-condensing gases are discharged from the blowing condensate tank to the gas cooler and 

then additionally for combustion. The condenser formed in the heat recovery condenser is led to the sewer. Heat recovery system for the 

emptying of the lime boilers reduces both gas emissions and energy costs. 
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1. Introduction

The object of the examination is a pulp mill, in which there is a 

conventional conventional boiler room consisting of six boiler boilers 

blowing to one blow tank. Sulfur gas contributes to the bad odor 

(stench) in the surrounding environment if it is not regenerated. This 

sulfur is oxidized and contributes to acid rain [1]= A large amount of 

valuable heat is regenerated from the vapor. Heat is used to produce 

large amounts of hot water, which reduces or eliminates the use of 

steam for heating liquids when flushing or bleaching. The steam 

passes through the pipes from the blow tank to the blow-off 

condensate reservoir to regenerate valuable secondary heat. Non-

condensing gases are taken from the blow-off condensate tank to the 

gas cooler and then further incinerated. The condensate formed in the 

heat recovery condenser is drawn to the sewer. 

There are three main outlets for concentrated non-condensing 

gases in a sulphate cellulose plant: 

1. Gases from the steam condenser in the boiler department.

2. Gases from the pit of the vacuum boxes in the Evaporative

Station. 

3. Gases from the treatment of contaminated condensate.

The characteristic smell originates from the volatile sulfur 

compounds that are produced during digestion. Sulfide ions (HS-) 

react with lignin during digestion, leading to the four most observed 

smell compounds. These are hydrogen sulphide (H2S), methyl 

mercaptan (CH3SH), dimethyl sulphide (CH3SCH3) and dimethyl 

disulfide (CH3SSCH3). Other hazardous compounds that are 

produced during cooking are methanol (CH3OH) and turpentine. The 

common properties of these gases are: hazard, toxicity, smell bad and 

colorless. The amount of gas produced depends on the boiling 

conditions and the raw material. High sulphide, low Karra number, 

long boiling time and high boiling liquor temperature lead to 

increased sulfur emissions. 

2. Description of the process

The boiling process is carried out in six boiler boilers by heating 

pine chips in an aqueous solution containing sodium hydroxide 

(NaOH) and sodium sulfide (Na2S). The content of the boiler boiler 

is released to the blow tank by opening the blowing valve. A large 

amount of steam is formed in the blow tank when the hot mixture of 

lye and pulp flare. Pulp and black liquor are separated from blowing 

vapor and concentrated noncondensing gases. The pulp and black 

liquor are removed from the bottom of the flushing tank in the 

flushing system. The vapor and gas are removed from the top of the 

blow tank and taken to the steam condenser where the steam energy 

is regenerated [2].  

The vapor condenser condenses much of the vapor that leaves the 

blow tank. 

The energy is regenerated from circulating hot water through the 

steam condenser. In each blow, hot water is pumped into the 

recirculation system, producing the same amount of hot water. 

Condensate from the steam condenser is pumped to sewerage in the 

evaporation zone.  

The gas and steam which do not condense in the vapor condenser 

are fed to the gas cooler where the residual vapor condenses at the 

same time as the gas is cooled to a suitable temperature (~ 50° C). 

Concentrated non-condensing gases from the gas cooler are fed to the 

collector tank. 

The cooling fluid during this process is soft water. If fresh water 

is used instead of soft water in the heat recovery condenser when the 

boilers are emptied, there is a risk of precipitation of CaCO3 on the 

heating surfaces. The condensate from the gas cooling process is 

returned back to the main condensate stream from the steam 

condenser. 

Concentrated non-condensing gases from the heat recovery 

system when emptying boiler boilers are above the upper explosion 

limit and it is important that they remain above the boundary and not 

be diluted.  

In the burner for concentrated non-condensing gases, natural gas 

is used in the ignition flame. Natural gas is also used as an auxiliary 

fuel in the soda-regeneration boiler. 

The concentrated non-concentrating gas pipeline is equipped 

with double shut-off valves and a ventilation valve as well as a 

protective membrane and flame retardant located near the 

incineration point. If the combustion in one source stops for some 

reason, the double shut-off valves are automatically closed and the 

drain valve opens. The combustion of concentrated non-condensing 

gases then switches automatically to the available incineration sites 

as described below in the section on combustion of concentrated 

noncondensing gases. 

If the protective membrane is broken, the temperature indicator 

after it will include the signaling. The pressure in the condensed 

noncondensing gas pipeline is controlled by adjusting the position of 

the conveying tube of concentrated non-condensing gases in the 

burner or by the low-pressure steam that is fed to the line if the 

pressure becomes too low and the pipe is in the final position. 

All necessary equipment is connected to an emergency power 

supply. 

The entire condensate from the concentrated non-condensing 

gases is collected to the pumping tanks and pumped into the sewer, 

which is in the evaporation zone. 
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Fig. 1.  Explosive limits of non-condensing gases 

3. Heat Regeneration System for Vacuum Boilers 

Emptying 

Various boilers are discharged to the existing vent tank, the 

pressure of which is set to 1.0 bar. The evaporating mixture of hot lye 

/ pulp releases a large amount of steam, which is directed to a blowing 

condensate reservoir. 

The blowing steam flow is calculated from the boiler boiler data 

according to Table 1. The blowing vapor flow is shown as a diagram 

in Diagram 2. 

Table 1. Data for boiler boiler feed in the plant for production of 
cellulose 

 

The pressure in the blow tank is used as an input to the pressure 

regulator that determines the velocity of the soft water pump. The 

higher the pressure, the higher the pump speed. Cooling water at 

about 40 ° C from existing soft water tanks is pumped to the suction 

of the cooling water recycling pump. The purpose of the regulator is 

to reduce the delay time in the blasting condensate tank, which leads 

to better control of the pressure of the blow tank. The hot cooling 

water is discharged to the existing battery that will be used as a clean 

water storage. 

 

Fig. 2. Typical flow of boiling vapor from boiler boilers, calculated from 

the heat balance and blowing time of the boiler 

 

The blowing vapor streams and the corresponding cooling / hot 

water streams are calculated for pulp production capacities 

corresponding to 27 ... 38 puffs / 24h. Soft water from a tank is used 

as cooling water in the blowing condensate tank, the produced hot 

water is pumped to the hot water tank. The bleeding tank is tightly 

closed (under pressure). The pressure in the tank will usually vary 

between - 5 kPa (g) ... 20 kPa (g). The tank is equipped with safety 

devices for high pressure and low pressure situations. Such a situation 

can occur, for example, if the cooling water pumps and / or do not 

work. 

Table 2. Heat production when emptying boiler boilers and secondary 

heat. 

 

The bladder tank has dual high-pressure protection. The regulator 

will open a valve and excess steam blows into the atmosphere. If the 

regulator fails, a protective membrane protects the tank and the steam 

is blown into the atmosphere. The bursting pressure on the membrane 

is 1 bar. 

The reservoir is protected against low pressure with a mechanical 

safety valve that opens at -10 kPa. It is important to avoid leakage of 

air to the blow tank between blows. The entrained air is an inert gas 

that will reduce the performance of the blowing condensate reservoir 

and will also disrupt the operation of combustion systems of 

concentrated noncondensing gases in the water intake pipes, and the 

mixture of concentrated non-condensing gases and air is highly 

explosive. The basic low pressure protection is a sealing vapor that is 

regulated by a regulator. The regulator will add backing steam to the 

blow tank at low underpressure. At even lower pressure, a regulator 

will open, and then the mechanical safety valve, the ejection of the 

reservoir. 

The contaminated condensate is collected at the bottom of the 

blowing condensate tank. Condensate is pumped with a level 

regulator to the sewer pipe located in the evaporation zone. 

The conductivity of the condensate is measured. If the 

conductivity level is above the setpoint, the condensate returns to the 

equalization tank.  

Non-condensing gases, from the blowing condensate tank, are 

directed to the gas cooler. The purpose of the cooler is to reduce the 

water pressure in the system, thereby reducing the volume of gas. The 

softened water is used as a cooling liquid. The water is added to the 

temperature control device The hot water produced is taken to the hot 

water tank by means of a blowing condensate tank. The contaminated 

condensate from the cooler drains through a seal to the blowing 

condensate reservoir and then pumped to the evacuation zone sewer 

pipe.  

The pressure regulator is mounted between the blow-off 

condensate tank and the gas cooler. The purpose of this regulator is 

to protect the system of concentrated non-condensing gases from 

excessive suction. 

Evaporation vapor condensation 

The blowing valve under each boiler boiler is left open when the 

boiling time is reached. The valves are programmed to open 

gradually to reduce the impact of the system pressure during blowing. 

The pulp, the steam, the black liquor and the gas are fed to the blower 

by the boiler pressure. The steam and gas are fed to the steam blowing 

condenser The pressure in the purge tube between the blow tank and 

156

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XIII, ISSUE 4, P.P. 155-157 (2019)



the steam condenser is maintained by adjusting the speed of the pump 

for softened water when the pressure is increased. If the pressure 

drops, the low pressure steam is taken to the system to maintain 

normal operating conditions. To increase overall safety during each 

blowout, the bladder tank is equipped with an overpressure protective 

membrane along with a mechanical vacuum safety valve. 

Heat Regeneration System 

The main part of condensation from the steam blowing is in the 

steam condenser, the main condenser. The circulation of the steam 

condenser cooler, the softened water, is maintained by a pump. Hot 

water is pumped from the softened water tank with a pump by 

adjusting the pump speed. The pressure regulator controls the speed 

of the pump. High pressure results in a higher spin speed. The energy 

that is released when condensing vapor condenses goes to the 

circulating hot water. The temperature of the resulting hot water is 

between 80-100°C when the hot water is taken to the hot water tank. 

The level controller controls the condensate level in the steam 

condenser. Emergency low level blocks a pump, the high level 

restarts the pump, and the emergency level high opens the valve. 

Uncondensed blowing vapor and non-condensing gases are fed to a 

gas cooler. The gas flow is controlled by a pressure regulator, and a 

valve balances the pressure fluctuation during each blow (the set 

point is between -3 - 0 kPa). The outside temperature of the gas cooler 

controls the amount of cooling water needed. When the cooling water 

temperature (about 40°C) has reached a temperature of about 50°C, 

the valve is set to an open position. In this way, cold water flows into 

the system at the same time as the hot coolant is pushed into the steam 

cycle of the steam condenser. The resulting condenser from the gas 

cooler is fed to the suction side of a pump. 

Collector and air conditioning system 

Concentrated non-condensing gases from the pre-treatment 

compartment are collected in a reservoir with a hydraulic lock / 

collecting tank for the CNG . The sum is taken up in the water jet for 

the CNG under the surface of the liquid to avoid backflow. The CNG 

is then sent to the CNG condenser to reduce moisture [3]. 

 

Fig. 3. Simplified pipeline process for condensed non-condensing gases 

- collector and air conditioning 

Transfer of concentrated noncondensing gases 

There is an ejector for transporting concentrated non-condensing 

gases from the bulk tank to the available incineration site. The ejector 

is located in the building of the soda regeneration boiler and is used 

when combustion of the concentrated noncondensing gases is carried 

out. 

4. Conclusion 

The construction of the heat recovery system when emptying the 

boiler boilers reduces the debilitating gases emitted from the blow 

tank. Non-condensing gases are removed and further incinerated. A 

system of heat recovery when emptying boilers generates financial 

gains associated with energy costs and reduced emissions of 

greenhouse gases. 
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