
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772                                                                                                                                                          Published BY AENSI  Publication 

EISSN: 1998-1090                                                                                                                                                           http://www.aensiweb.com/ANAS    

2016 Special 10(9): pages 81-85                                                                                                                               Open Access Journal                                                                                               

 

To Cite This Article: Dineshkumar. N, Mugundhan. K, PSS. Srinivasan, K. Visagavel, D. Sakthivel., Analysis Of Workplace 
Safety And Health Hazards In Soda Recovery Plant. Advances in Natural and Applied Sciences. 10(9); Pages: 81-85 

 

Analysis Of Workplace Safety And Health 

Hazards In Soda Recovery Plant 

 
1Dineshkumar. N, 2Mugundhan. K, 3PSS. Srinivasan, 4K. Visagavel, 5D. Sakthivel 

 
1PG Scholar, Department of Industrial safety engineering, Knowledge Institute of Technology, Salem, Tamilnadu, India. 
2,3,4,5Faculty of Mechanical Engineering, Knowledge Institute of Technology, Salem, Tamilnadu, India  
 
Received 25 April 2016; Accepted 28 May 2016; Available 5 June 2016 

 
Address For Correspondence: 

Dineshkumar. N, PG Scholar, Department of Industrial safety engineering, Knowledge Institute of Technology, Salem, Tamilnadu, 

India. 

E-mail:  dkdinesh.nk@gmail.com  

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 

 

 

ABSTRACT 
The identification and understanding of hazards and the assessment of risk is a fundamental requirement for all organizations 

dealing with the safety of people. Normally Pulp and paper industry is one of the most energy intensive and polluting sectors. A 

few upset and spills were found at the mill due to old production procedures, however new interventions were made at a few 

places to fill in the gaps.  The Sector largely employs conventional technologies. These are highly intensive in terms of 

Consumption of raw material, chemicals, energy and water thereby generating higher Levels of effluents, and they use a variety of 

chemical substances potentially hazardous to human health. Globally, the sector is perceived to have a low rate of innovation, with 

a few recent developments being the improvement in bleaching technology and increased usage of recycled paper.  So the main 

aim of the present work is to evaluate safety and health hazards in paper industries and mitigating the potential for loss by the 

identification and assessment of potential threats. (E.g. fire, substances hazardous to health, major accident hazards, noise, vehicle 

movements etc.) 
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INTRODUCTION 
 
Paper Manufacturing Process: 

The manufacturing process of paper industry can broadly be divided into three sections viz. pulping, 
bleaching and papermaking. The process block diagram, with major unit operations in the paper industry 
employing wood and/or agro residues as raw material, is shown in   

 
A. Raw Material: 

There are many species of trees which can be used in the manufacture of paper products. However, The 
Company's paper plant was originally designed for using bagasse, as the primary raw material mixed with 20% 
bamboo fiber. Bagasse was being obtained from nearby sugar mill on substitution basis using oil fired boilers. 
Now they using 55% of hardwood and 45% of baggase are used as an raw material for paper machine (1-3). For 
paper machine (4-5) they use a waste paper and imported pulp as a raw material. 
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Fig. 1: Process flow diagram for paper manufacturing 

 
B. Pulping Process: 

Pulping is the major source of effluents in the manufacturing process. This process enables separation of 
cellulose fibres and removal of impurities. As mentioned earlier, the pulping process employs three types of raw 
materials viz. i) Hard wood, ii) Agro residues and iii) Recycled fibre/ waste paper. Quality of paper largely 
depends on the cellulose content in pulp and the fibre length. The raw materials are briefly discussed below. 

Hardwoods contain higher proportion of cellulose but shorter fibre length than softwoods, which are more 
resinous. The removal of lignin by treating the wood chips improves the fibre quality. Generally two approaches 
are employed for pulping in Indian context, viz. chemical pulping and chemi-mechanical pulping. 
Approximately 3 Mt and 0.05 Mt pulp are made respectively. 

 
C. Bleaching Process: 

Bleaching process is carried out to improve the brightness of the pulp. The type of pulp involved and the 
destined end use are important factors in the actual process. Some of the bleaching agents used are chlorine 
(Cl2), chlorine dioxide (ClO2), hydrogen peroxide (H2O2), caustic, oxygen, ozone, hypochlorite, sodium bi-
sulphite. 

 
D. Stock Preparation: 

Stock preparation is the area where pulp is usually refined, blended to the appropriate proportion 
of hardwood, softwood or recycled fibre, and diluted to as uniform and constant as possible consistency. 
The pH is controlled and various fillers, such as whitening agents, size and wet strength or dry strength are 
added if necessary. Additional fillers such as clay,  calcium carbonate and titanium dioxide increase opacity so 
printing on reverse side of a sheet will not distract from content on the obverse side of the sheet. Fillers also 
improve printing quality. 

Pulp is pumped through a sequence of tanks that are commonly called chests, which may be either round or 
more commonly rectangular. Historically these were made of special ceramic tile faced reinforced concrete, but 
mild and stainless steels are also used. Low consistency pulp slurries are kept agitated in these chests by 
propeller like agitators near the pump suction at the chest bottom. 

 
E. Paper Machine: 

Papermaking machines are based on the principles of the Fourdrinier Machine, which uses a specially 
woven plastic fabric mesh conveyor belt (known as a wire as it was once woven from bronze) in the forming 
section, where a slurry of fibre (usually wood or other vegetable fibres) is drained to create a continuous paper 
web. After the forming section the wet web passes through a press section to squeeze out excess water, and then 
the pressed web passes through a heated drying section. 
 
Problem Identification: 

In soda recovery plant (SRP) Wood chips are cooked with white liquor (NaOH + Na2S) in a digester at 
about 170 ºC, to produce kraft pulp and weak black liquor. Weak Black liquor (WBL), the by-product of the 
chemical recovery cycle in the pulp and paper industry, is composed of water, lignin, cellulose and inorganic 
sodium salts. These chemicals need to be recovered for the pulping process to be economically feasible. In order 
to do that, weak black liquor is separated from pulp in a washing unit. The black liquor is diluted by the wash 
water and generally contains 14-17% solids. 95-98% of chemicals are recovered in modern pulp washing units. 
For each ton of pulp, 8-10 tons of weak black liquor is produced. Weak black liquor is concentrated in a series 
of evaporators. The resulting concentrated black liquor is burned in the recovery furnace to produce an inorganic 
smelt of Na2Co3and Na2S. The smelt is then dissolved in water to yield green liquor, an aqueous solution of 
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Na2Co3 and Na2S. The green liquor undergoes the caustic zing process where Na2Co3 is converted into NaOH 
by reacting with Ca(OH)2,  At this point, the original white liquor required for pulping is recovered. In order to 
provide lime for the caustic zing process, lime mud (or precipitated CaCO3) is dewatered, dried and burned in a 
lime kiln to produce lime for the caustic zing reaction. 

 
Fig. 2: Process flow diagram for soda recovery process 

 
SRP process also called as an “Kraft recovery process” and it’s classified into the following major types: 
1) Concentration – Evaporator 
2) Combustion – Chemical Recovery Boiler 
3) Causticizing - Causticizer 
4) Calcination – Lime Kiln 

 
Concentration - Evaporator: 

Weak black liquor leaving the brown stock washers contains 13 to 17% dissolved solids. In order to safely 
and effectively burn the black liquor to recover chemicals and heat, the solids content must be at least 60%. 
Increasing the solids content improves the recovery boiler thermal efficiency, stabilizes boiler operation and 
reduces sulphur emissions. 
 
Hazards are: 

1. Slip and fall hazards. 
2. Exposure to gas inhaling produced throughout the process of evaporation may cause uncomfortable 

feeling and physical suffering. 
3. Failure of steam gasket. 
4. Electric shock and lethal electrocution due to defective electrical equipment. 
5. Hazard of explosion or implosion due to extreme pressures or damage to a sealed device. 
6. Exposure to excessive heat and high humidity, due to the heavy use of steam, may cause fatigue and 

thermal exhaustion. 
1. Burns and scorches caused by contact with red hot surfaces, hot water and leaking steam. 
2. Exposure to dust that contains various metals and other toxic substances, while cleaning the evaporator, 

may cause irritation of the respiratory tract and the eyes. 
3. Hot liquor splash. 
 

Combustion - Chemical Recovery Boiler: 
Heavy black liquor at a 65-75% dry solid content is sprayed into the lower part of the Furnace and mixed 

with pre-heated primary air. Here the organics are partly burnt and form combustible gases (mainly carbon 
monoxide) and smelt. The smelt falls to the Furnace bottom from where it flows through openings connected to 
smelt spouts into the dissolving tank. The distribution of smelt into the green liquor in the tank is enhanced by 
steam supplied through nozzles located underneath the smelt spouts. 

 
Hazards are: 

1. Exposure to high temperatures and heat-stress from recovery boiler. 
2. Exposure to substances that can harm the nervous system. 
3. Musculoskeletal problems related to fixed working positions such as prolonged standing. 
4. Explosions from uncontrolled chemical reactions due to water drop enter into the furnace. 
5. Falls, slips, and trips on the level on floors made wet and slippery as a result of leaks or the spilling of 

liquor. 
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6. Burns caused by contact with hot surfaces, hot liquor splash and/or suddenly released steam; "freeze 
burns". 

7. Exposure to dust from electrostatic precipitator (ESP) causing eye and respiratory system problem. 
8. Exposure to high levels of noise. 
9. Discomfort and physiological problems related to unpleasantly-smelling. 
 

Caustic zing – Causticizer: 
Caustic zing plays an important role in the chemical balance of a Kraft mill, as this process generates 

cooking liquor. The object of the caustic zing process is to turn inactive sodium carbonate (Na2CO3) into the 
active cooking chemical, sodium hydroxide, and to make sure that the conversion efficiency of carbonate into 
hydroxide is as high as possible. The process can be divided into four parts: green liquor clarification/filtration, 
slaking, caustic zing and white liquor clarification/filtration.  
 
Hazards are: 

1. Exposure to hot surface/hot water 
2. Heat stress. 
3. Exposure to waste water contains high concentration of chemicals. 
4. Material safety data sheets are not placed in work area 
5. Exposure of chemicals cause severe burn injury 
6. Exposure to hot surface reactor. 
7. Exposure to irritant chemicals. 
8. Discomfort workplace due to unpleasant odour. 
 

Calcinations – Lime Kiln: 
The lime kiln is used to convert lime mud, CaCO3, to lime, CaO. This reaction will take place at 

temperatures above 1600°F with the liberation of CO2 from the calcium oxide. So the essence of the kiln 
process is to dry the lime mud, heat it to calcimining temperature, and hold it at or above that temperature long 
enough for the reaction to go to completion. The kiln is a rotating tube made of metal and refractory brick. 

 
Hazards are: 

1. Lime dust can cause irritation to eyes, skin and respiratory system. 
2. Lime dust contain crystalline silica, it causes long term exposure such as permanent damage of 

respiratory system. 
3. Heat stress and heat cramps from lime burner (1600�F) 
4. Housekeeping of work area is poor. 
5. Lime dusts react vigorously with water, and may release heat sufficient to ignite combustible materials 

in specific instances.  
6. Exposure to high noise level. 
 

Methodology: 
Checklist analysis is a systematic evaluation against pre established criteria in the form of one or more 

checklists. 
 
Characteristics: 

1. A systematic approach built on the historical knowledge included in checklist questions. 
2. Used for high-level or detailed analysis, including root cause analysis 
3. Applicable to any activity or system, including equipment issues and human factors issues. 
4. Generally performed by an individual trained to understand the checklist questions. Sometimes 

performed by a small group, not necessarily risk analysis experts. 
5. Based mostly on interviews, documentation reviews, and field inspections. 
 

Suggestions for soda recovery plant: 
1. There is apossible for slip and fall hazards in soda recovery plant (in boiler and evaporator area).so 

regular and proper housekeeping is mandatory for boiler house and evaporator area. 
2. There are many contract labours are working in boiler house. So safety training is mandatory for all 

employees and it should be provided by safety manager/supervisor. 
3. All steam lines and pipelines are must be inspected by safety manager in every period of three months 

because it’s an chances for failure of steam gasket. 
4. Required personal protective equipments are must be provided for workers. 
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5. Safety signs and signals are must be located in work area (in terms of hazard associated with work and 
how to handle or how to avoid this) 

6. All employees in boiler house and evaporator area must be undergoing to medical check-up in annually 
(such as chest X-ray). 

7. Ergonomical problems are arising from boiler area due to prolong standing. So it must be negligible by 
giving job rotation to employees or providing proper training. 

8. Chemical recovery boiler produces the high noise. So it must be monitored by audiometric testing in 
every six month period. 

9. Material safety data sheets are must be displayed on chemical storage area. 
 
Conclusion: 

The pulp and paper industry is a complex activity which involves many different processes and 
products.The evaluation of risk and hazards in the soda recovery process (SRP) premises is largely subjective 
and relative rather than absolute with respect to collecting detailed data on various types of hazards from a wide 
range of area in the soda recovery process. The hazards in SRP process has been examined by the industry walk 
through survey, study of production process and meeting and discussion with employees. From this high level of 
hazards and risk in SRP process must be mitigate into lower level for creating safe work practice among 
employees by providing training and education about hazards and its impacts. 
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