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UNIT I            
SAFETY IN PROCESS DESIGN AND 

PRESSURE SYSTEM DESIGN 

• Design process, conceptual design and detail design, 
assessment, inherently safer design- chemical reactor , 
types, batch reactors, reaction hazard evaluation, 
assessment, reactor safety, operating conditions, unit 
operations and equipments, utilities. 

• Pressure system, pressure vessel design, standards and 
codes- pipe works and valves- heat exchangers-
process machinery- over pressure protection, pressure 
relief devices and design, fire relief, vacuum and 
thermal relief, special situations, disposal- flare and 
vent systems- failures in pressure system. 
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Design Process
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Design Process
 The activity of determining the workflow, equipment 

needs, and implementation requirements for a 
particular process. 

 Process design typically uses a number of tools 
including flowcharting, process simulation software, 
and scale models.
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BEFORE PROCESS DESIGN
 Projects develop under R&D with possibility and 

contrains

 Which is further constrained by EHS Studies

 Economics studies needs to be done

 Political, social and environmental issues at the 
location must be recognized

 Risk of the plant to the community must be developed 
and agreed with the appropriate authorities 
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Process risk management 
strategies
a) INHERENT, OR INTRINSIC(Substitution)

Eliminating the hazard by using materials and process 
conditions that are nonhazardous (e.g. substituting 
water for a flammable solvent).
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b) PASSIVE (Eliminination)

Eliminating or minimizing the hazard by process and 
equipment design features that do not eliminate the 
hazard, but do reduce either the frequency or 
consequence of realization of the hazard without the 
need for any device to function actively (e.g.the use of 
higher pressure-rated equipment).
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C) ACTIVE(Engineering controls)

Using controls, safety interlocks and emergency shut-
down systems to detect potentially hazardous process 
deviations and take corrective action. These are 
commonly referred to as engineering controls. 
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D) PROCEDURAL (Administrative controls)

Using operating procedures, administrative checks, 
emergency response and other management 
approaches to prevent incidents, or to minimize the 
effects of an incident. These are commonly referred to 
as administrative controls.
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Design stages
(1) Research and development—Pilot plant; 

(2) Process design; 

(a) Selected process flow sheet, 

(b) Detailed process design-simulation, 

(3) Front-end conceptual engineering; 

(a) Process development unit(new design), 

(4) Engineering design and equipment specification--
selection.
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Design information
 The physical and chemical properties of the chemicals; 

 The reaction characteristics, including mechanism, 
kinetics and thermal data for all likely reactions; 

 Fire, explosion and toxic hazards; 

 The effect of trace impurities which may have a major 
impact on metallurgy.
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Batch Reactor
 A batch reactor is a vessel used to mix chemicals 

under tightly controlled conditions. 

 It is distinguished from a continuous reactor by its 
cyclic use, mixing one batch at a time, as opposed to 
the constant reaction carried out in a continuous 
reactor
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Batch Reactor
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Types
 All up-Batch Reactor

the main reactants are all charged at the start.

 Semi Batch Reactor

one reactant is not charged initially but is fed 
continuously
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Control problems of batch 
reactors 

All-up batch Reactor

 Curing stage which may be at a temperature 
below or above the reaction temperature

 The initial heating  should not 
overshoot(three-term controller, integral 
saturation in the controller will cause overshoot)

 The cooling system should be adequate for 
initial peak heat release. 

ISE-KIOT



Semi-batch reactors 
Continuously fed reactant before the batch is up to 

temperature should be avoided

If agitation is interrupted ,sudden and violent reaction 
of reactants can occur
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Control measure
There should be arrangements to prevent 

material from the reactor passing back into 
reactant storage tanks where this could 
constitute a hazard.

Control of flows in the reactant feed pipes is 
important. 

 tight shut-off of the reactants is necessary

Provided with suitable display and alarm 
instrumentation
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 Provided with suitable display and alarm 
instrumentation 

o Flows of the reactants &  coolant

o Pressure and temperature of the reactor and of the 
coolant

o State of the agitator, of the pumps and of the  
valves.
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The instrumentation should possess both 
capability and reliability for the duty

 .The effects of instrument failure should be 
fully considered.

The ease of detection of instrument 
malfunction by  the process operator should 
be considered.

Trip systems should be provided to deal with 
potentially hazardous conditions

ISE-KIOT



Unit operations and Equipments 
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Unit operations include:
 Mixing, 
 Dispersion
 Distillation, 
 Gas Absorption,
 Liquid-liquid Extraction;
 Leaching, 
 Ion Exchange;
 Precipitation,
 Crystallization;
 Centrifugation,
 Filtration, 
 Sedimentation;
 Screening, 

 Sieving; 
 Crushing, 
 Grinding;
 Compacting, 
 Granulation, 
 Pelletizing;
 Gas Cleaning; 
 Heat Transfer; And
 Drying And
 Dehydration. 
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MIXERS
 Dead  spaces where reactions may occur or 

material may solidify should be avoided.

 It should be capable of withstanding these 
different effects.

 It should normally not be run between 70 and 
100% of this critical speed.

 Weak points on a mixer which include closures, 
sightglasses, instruments, sample points on the 
body, and bearings and seals on the agitator 
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 Other hazards include unguarded impellers, 
splashing or even ejected material,or ejected 
objects

Another hazard of failure of electrical power 
is unexpected restart of the mixer

Mixers sometimes handle flammable 
materials. Sources of ignition characteristic of 
mixers are hot surfaces, friction and impact, 
and static electricity
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Centrifuges 
 Centrifuges often handle volatile flammable liquids 

and, unless special precautions are taken, are almost 
certain to contain a flammable mixture at some stage 
in the operational cycle

 The movement of the slurry in an operating centrifuge 
favours the generation of static electricity
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 Mechanical hazard from the high kinetic energy of the 
rotating centrifuge bowl.The main causes of 
mechanical failure are

basket imbalance,

incorrect assembly, 

corrosion and

bearing failure
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 Centrifuge operations involve frequent opening-hence 
have toxic hazard which can be acute or chronic

 Explosion hazard in a centrifuge, it should be 
blanketed with inert gas, usually nitrogen
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DRIERS
 The principal hazards presented by driers are those 

of fire and explosion

 Each year in the United Kingdom driers are 
responsible for 30 fires and one explosion serious  
enough to be attended by the local fire brigade.

 There are three forms in which a combustible 
material being processed in a drier may be ignited: 
 Dust cloud,- material is dispersed( fluidized bed drier 

or a spray drier)

 Dust layer and(Dust layers inside the drier)

 Bulk dust. (heat loss from the bulk material is less than 
from a layer)
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Control Measures
 Dust explosion may be  prevented by the use of inerting.

 Dust properties relevant to drier design has to be kept in 
safe limit

 Many of the regular ignition sources apply to driers. 
These include hot work, hot surfaces, electrical 
equipment, and friction and impact. A direct heating 
system may give rise  to  precautions are taken against 
this.

 Air for combustion should be drawn from a source free 
of dust
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 Air for combustion should be drawn from a source free of 
dust

 Before entering the drier, the hot gases should be passed 
through a 3mm mesh to screen out hot particles.

 A direct heating system should not be used to 
evaporateflammablevapours

 Main protective measures: 

Venting,

Suppression and

Containment. 
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 If inerting is used, there should be continuous on-
line monitoring of the oxygen concentration.

 With some driers there is a facility to recirculate 
part of the exhaust air to improve thermal 
efficiency.

 The gas entering the drier will then have a higher 
concentration of water vapour and, if it is direct 
fired, a higher concentration of carbondioxide also. 
This provides a degree of inerting and such driers 
are described as ‘self-inertizing’.
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Distillation columns 
 Distillation columns present a hazard in that they 

contain large inventories of flammable boiling liquid, 
usually under pressure

 A distillation column has a large input of heat  at the 
reboiler and a large output at the condenser. If cooling at 
the condenser is  lost, the column may suffer over 
pressure. It is necessary  to protect against  this by higher 
pressure design, relief valves.

 Depostition of flammable materials on packing 
surfaces has led to many fires on opening of 
distillation column for maintenance
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 Another hazard is overpressure due to heat radiation 
from fire. Again pressure relief devices are required to 
provide protection. 

 Another quite different hazard in a distillation column 
is the ingress of water. The rapid expansion of the 
water as it flashes to steam can create very damaging 
overpressures
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Activated carbon adsorbers
 Activated carbon adsorbers are prone to fires in the 

adsorbent bed

 Fires are especially likely to occur during a shut-down.
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Countermeasures to minimize fire
 paying attention to adsorbent purity

 maintaining the moisture content of the adsorbent

 operating at less than 25% of the lower flammability 
limit

 The adsorbers should be located outdoors and 
provided with pressure relief and fire protection.
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The adsorbers should be located outdoors and provided 
with pressure relief and fire protection are

 Maintenance of a gas flow 75% of normal, 

 Use of water or steam spray to keep the bed     moist, 

 Inerting of the bed
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Utilities
(1) Electricity 

(a) General, 
(b) Uninterrupted

power supplies, 
(c) Electrical heating; 

(2) Fuels; 
(3) Steam; 
(4) Compressed air 

(a) Plant air,
(b) Instrument air, 
(c) Process air,
(d) Breathing air, 

(5) Inert gas; 

(6) Water 

(a) Cooling water, 

(b) Process water, 
i. Hot water, 

ii. Firewater; 

(7) Heat transfer media 

(a) Hot fluids, 

(b) Refrigerants.
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Pressure Systems
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 Any system in which the pressure deviates significantly 
from atmospheric pressure

 And which is therefore of rigid construction, needs to 
be considered as a pressure system
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‘Pressure system’under the Pressure 
Systems Regulations
‘(a) a system comprising one or more pressure 

vessels of rigid construction, any associated 
pipe work and protective devices;

(b)The pipe work with protective devices to 
which a transportable gas container is, or is 
intended to be, connected; or

(c) a pipeline and its protective devices; which 
contains or is liable to contain a relevant fluid, 
but does not include a transportable gas 
container’
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Pressure System Components
The main components of pressure systems have 

been described by Dickenson (1976). They are:

(1)pressure vessels (reactors, distillation columns, 
storage drums and vessels); 

(2) piping system components (pipes, bends, tees, 
reducers, flanges, valves,nozzles,nipples); 

(3)means of adding, controlling or removing heat 
(fired heaters, reboilers, vaporizers, condensers, 
coolers, heat exchangers generally); (
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4) Means of increasing, controlling or reducing 
pressure (pumps, compressors, fans, letdown 
turbines, control valves); 

(5)Means of adding or removing fluids or solids 
to or from the process system (pumps, 
compressors, dump valves); 

(6)Measurement and control devices and systems 
(instrumentation);

(7)Utilities and services (electricity, steam, water, 
air).
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Pressure Vessel Design
 Pressure vessels are subject to a variety of loads and 

other conditions which stress them and, in certain 
cases, may cause serious failure. 

 In general, structures are subject to two types of 
loading:

(1) Static loading and 
(2) Dynamic loading. For pressure vessels this loading is 

normally due to pressure.
The load caused by the pressure creates stresses in the 

vessel. There may also be other stresses, which include 
(

(1) Residual stress,
(2) Local Stress and
(3) Thermal stress
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Design  basics

The basis of the design of pressure vessels is 
the use of appropriate formulae for vessel 
dimensions in conjunction with suitable values 
of design strength.

 In determining the strength of materials, a 
basic distinction is drawn between

(1) Temperatures below the creep range and

(2) Temperatures inside the creep range
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 Static pressure loading- often considered as 
thin walled vessels

 Dilation-( radial expansion)
 Dynamic pressure loading-dynamic loading 

characters are more different from static loading
At very high strain rates,  yield point value increases 
more than twice
Large increase in ultimate tensile strength and 
elongation.
Because of this, loads that can be applied with out any 
permanent deformation of the material in dynamic 
loading is high
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 Residual stress-
 basic design assumes stresses caused by external loads
 It is caused due to fabrication and construction process
 More ssignificant in brittle and less significant in ductile materials (fatigue)
 In thick sections residual stresses can combine with load stress, that’s why 

stress relieving is more important for thick vessels

 Local stress 
 Localized stresses in a region where there is discontinuity are greater than 

those predicted
 More important in brittle than ductile material

 Thermal stress 
Causes of thermal stress
1) Non-uniform Temperature
2) Restraints

ISE-KIOT



 Vessels in composite materials 

Pressure vessels can be constructed in Composite 
materials, notably 

 Glass reinforced plastics

(Storage tanks at atm

pressure) 

 Fiber reinforced plastics
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Pressure Vessel Standards and Codes
 Pressure vessel codes fall into two main types.

Conventional codes(BS1500)

Advanced codes(BS1515)

Both the codes are superseded by BS5500 
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PIPEWORK
 The plant pipework and fittings include the piping 

itself,

 flanges and joints, and

 fittings, such as the many types of valves, bellows, etc., 
together with the pipe supports.
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Loss of containment occurs from pressure vessels 
pipe work and associated fittings. 

The cause of the Flixborough disaster was a 
modification to a 28 in. pipe connection between two 

reactors. 

The modification involved the installation of a 
temporary 20 in. pipe with bellows at each end.
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The design of the pipe system was defective in 
that it did not take into account the bending 

moments on the pipe due to the pressure in it.

The bellows were not installed in accordance 
with the manufacturer’s instructions. The pipe 
work assembly was not adequately supported.

 The relevant British Standards, notably BS 3351 
and 3974, were not followed.
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 A large proportion of failures of containment in 
process plants occur on the pipe work and fittings
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Suggestions for reducing pipework 
failures
 The design of pipe work should be done by a 

fully integrated design organization working in 
a structured manner

 There should be a relatively small number of 
designers of high quality making full use of 
computer aids

 Kletz recommends detailed design of even 
small bore pipework, though he recognizes 
that some organizations consider this 
impractica ISE-KIOT



 He states that efforts should be made to reduce 
the number of grades of steel required so as to 
reduce the chance of installation of the 
incorrect grade, and instances restriction of 
steam temperatures so as to avoid the need for 
creep resistant steel

 His survey highlights the high proportion of 
failures which are attributable to the 
construction phase and he makes suggestions 
for improved inspection during and after 
construction
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 The pipe work should be designed for ease of 
maintenance

 If a joint may have to be broken, there should be 
adequate access and sufficient ‘spring’ in the pipe work
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Work on safe piping systems has been the subject of a
study by the Institution of Chemical Engineers (IChemE),
as described by Hancock (1990a).
 The principal features considered were 

(1) layout, 

(2) quality control, 

(3) construction, 

(4) pipe supports, 

(5) dead ends and

(6) vibration and

ISE-KIOT



The principal causes of failure 
(1)vibration, 
(2) external corrosion,
(3)Temporary supports,
(4)Blocked in liquids,
(5) water hammer, 
(6) steam hammer, 
(7) Cavitation and 
(8) Pressure surge.
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BELLOWS
 Pipe work needs to incorporate means of 

accommodating expansion and contraction. One 
method of doing this is by utilizing bellows. A bellows 
assembly may be used, for example, between two pipe 
sections, between two vessels or between a pipe and a 
vessel. 
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 Following Flixborough, a British Standard on bellows 
was issued. This is BS 6129: 1981 Code of Practice for 
the Selection and Application of Bellows Expansion 
Joints for Use in Pressure Systems, which has a single 
part, Part 1: 1981 Metallic Bellows Expansion Joints. In 
the United States, standards for bellows are issued by 
the EJMA (Expansion Joint Manufacturers 
Association)
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assembly has to take into 
account: 

 The forces on, and stresses induced in the bellows, and 
its movement; 

 The forces and moments on equipment connected to 
it; 

 the external forces such as wind loads on it; 

 Its stability; and 

 Its fatigue performance
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VALVES
 There is a wide variety of valves in use, and only a few 

types, that is, those with an essentially protective 
function, are considered here. They are

(1) Non return valves,

(2) Excess flow valves and 

(3) Emergency isolation valves
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NRV’S
 Non-return valves (NRVs), or check valves, are used to 

prevent undesired reverse flows

 Reverse flow can have serious consequences and some 
form of protection is often necessary. 
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Some situations in which 
reverse flow occurs

Theyinclude:

(1)flow into plant from storage vessels or blow down 
lines, 

(2) flow from plant into service lines, 

(3) reverse flow through a pump and 

(4)Reverse flow from reactors
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 NRVs are not a fully reliable means of eliminating 
reverse flow.  Numerous instances have occurred in 
which materials have travelled back not just through 
one but several NRVs in series. 

 According to Ellis and Mualla (1986), a survey of 
stoppages in Central Electricity Generating Board 
(CEGB) power stations showed that some16% were 
connected with NRVs.
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 NRVs on critical duties are important pressure system 
components and should be included in the pressure 
system register and regularly tested and maintained.
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Excess flow valves
 Excess flow valve is used to shut off flow in a situation 

where the flow has suddenly risen far in excess of its 
normal value

 The rise in flow which triggers the operation of an EFV 
is generally 50% or more above the normal value.
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Emergency isolation valves
 Emergency isolation valves (EIVs) are used in process

plant to prevent the loss from containment of large 
quantities of flammable or toxic substances.
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Points where large escapes of material are liable to occur 
include

(1) pumps, 

(2) drain points and 

(3) hose connections.
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EIVs may be installed between the inventory and the
point of expected leakage, but it is unnecessary to install
an emergency isolation valve between every inventory 
and every leakage point. 

In fact, it is undesirable to do so, since every such 
device itself introduces further chances of leakage.
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The decision as to whether an emergency isolation
valve is required in a given case depends, therefore, on 
the expected scale and effects of a leakage and on its 
probability.

 Inventory is an important factor, but it is not the only 
one.
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 The condition of the material should also be taken into
account in determining the need for an emergency 
isolation valve. 

 A cold liquid that is well below its atmospheric boiling 
point is less hazardous than one which is superheated
and will flash off when let down to atmospheric 
pressure.
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Operation of the emergency isolation valve should be
sufficiently remote that the operator can close it readily 
in an emergency. 

He or she should not have to approach a gas cloud or a 
fire or to go up on higher level platforms or to stand on a 
ladder. 
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The most suitable arrangement is often

remote operation from the control room. Emergency 
isolation valves which are controlled remotely are also 
known as

remotely operated valves (ROVs) and remotely operated
block valves (RBVs).
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Water hammer
If a valve on a liquid pipeline is closed quickly, a large
change in momentum of the liquid column occurs in a 
short period of time and a large force is exerted on the 
valve.This is known as ‘water hammer’ and it can have a 
very destructive effect, resulting in the shattering of the 
valve and/or the line.

ISE-KIOT



Steam hammer
An account of the occurrence in high pressure steam 
lines of a steam hammer effect on rapid closure of the 
stop valves to a steam turbine has been given by 
Crawford and Santos (1986).The closure time of the 
valves was very short, some 50-100 ms.
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Condensate hammer
 Another hammer effect can occur when steam is 

admitted, typically after a shut-down, into a line which 
contains condensate. 

 The condensate can be propelled along the line with 
tremendous and destructive force.
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Reverse flow hammer 
 Occurs when an NRV does not  close rapidly enough

 The effect is described by Ellis and Mualla (1986)

 If closure of an NRV is not sufficiently rapid there is an 
appreciable ‘reverse velocity’, the arrest of which, when 
the valve does close, gives rise to a high pressure 
transient on one side of the valve and a low pressure 
one on the othe
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OVER PRESSURE PROTECTION
 Pressure systems need to be provided with protection 

against failure, particularly from over pressure

 BS5500: 2003; 

 The ASME Boiler and Pressure Vessel Code 2001; 

 The ASME B31 Code for Pressure Piping, particularly 
B31.3: 2002 Process Piping
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Fire Relief 
 Over pressure scenario in which flames external to an 

equipment item heat the contained fluid, producing a 
pressure increase either via vaporization of liquid or 
thermal expansion of gas or vapour
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Equipment for which fire relief 
may  be required
 Atmospheric storage tanks,

 Pressure storage vessels 

i. Vessels containing gas , vapor, or supercritical fluids 
only and

ii. Vessels containing liquids

 Process systems
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TYPES
(1) Mechanical failure

(2) Corrosion failure
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Some common causes of 
mechanical failure in process 
plantare
(1) Excessive stress; 
(2) External loading; 
(3) Overpressure; 
(4) Overheating; 
(5) Mechanical fatigue and shock; 
(6) Thermal fatigue and shock; 
(7) Brittle fracture; 
(8) Creep; 
(9) Hydrogen attack.
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Some common types of 
corrosion in process plant
 General corrosion

 Scaling

 Exfoliation

 Galvanic corrosion

 Crevice corrosion

 Corrosion pitting

 Stress related corrosion

 Intergranular corrosion
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 Knife line corrosion

 Erosion

 External corrosion

ISE-KIOT



Process by which an equipment, facility, or plant (which
is installed, or is complete or near completion) is tested
to verify if it functions according to its design objectives
or specifications.
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Plant commissioning
 Initial Start up

 Period when the plant is particularly at risk

 Also a time when  equipment may be maltreated or 
damaged so that its subsequent operation is affected

 Moreover, delays in bringing the plant up to full 
output can have effect on the economics of the plant.
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Contract 
 The project may be predominantly in-house, or it may 

be undertaken as a ‘turnkey’.

 Conditions of contract use unambiguous terminology 
and 

 Give clear guidance on the responsibilities of the 
parties for the various stages of the commissioning and 
for the associated documentation
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Commissioning phases 
 Starts with the completion of erection

 During this period there occurs 

• Mechanical completion and 

• Pre-commissioning;

• Installation and checking of the control system and 
process commissioning

• By the end of process commissioning the various 
sections of the plant have been operated with process 
fluids.

• Performance testing 
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Activities may be illustrated by 
considering those in phases A-E of 
the contract scheme just 
mentioned
A  Safety precautions; Preparation of utilities; Gland packing; 

Preparation for line flushing. 
B Commissioning utilities; Machine rotation; Pressure and 

leak testing; Vessel cleaning; Line flushing; Relief value 
testing and re-installation. 

C Chemical cleaning; Machine alignment; Lubrication 
systems; Machine short running tests; Instrumentation 
checks. 

D Final preparations for performance testing. 
E Charging of feedstock. 
F Performance testing
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Three areas of responsibility 
 Supervision,

 Trades and labour 

 Inspection
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Organization 
 To organize the commissioning thoroughly and to 

provide the appropriate personnel

 What is essential is that the management allocate 
sufficient resources to do the job efficiently
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The main conditions for success 
in commissioning, as listed by 
Kingsley (1990)
 An ably led, well balanced, well trained and committed 

commissioning team; 

 A well structured relationship at senior level with site 
construction management and future operational 
management

 Adequate involvement in design stages and safety 
studies
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 Meticulous attention to hazards and safety

 Ready availability of assistance from supporting 
disciplines and an expeditious (fast and accurate) 
approval system for plant modifications.
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organization of plant 
commissioning are

(1) Regulatory and code 
requirements; 

(2) Contractual 
arrangements; 

(3) Quality assurance;

(4) Safety; 

(5) Personnel and other 
resources

(6) Budgetary control; 

(7) Planning and 
scheduling;

(8) Modification 
arrangements;

(9) Communications; 

(10) documentation.
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Planning and scheduling
Some aspects for which planning is particularly 

important include: 

(1) Commissioning activities

(a) pre-start-up activities, 

(b) initial start-up;

(2) Budgets; 

(3) Documentation;

(4) Recruitment; 

(5) Training. 
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 The design and construction of a large process plant is 
normally scheduled using 

Project evaluation and review technique (PERT) and 

Critical path scheduling(CPS). 

 Usually these methods  are implemented on a 
computer. 
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What will be covered
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What are solvents?

Where are solvents used?

What are the hazards of solvents?

How to control solvent exposure

Protective gloves and solvents

Respirators and solvents

Hazard communication and solvents



What are Solvents?
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Solvents are liquid chemicals that are 
used to dissolve oils, greases and 
paints, or are ingredients in paints, 
glues, epoxy resins, mastics, inks and 
pesticides.

They are often used in cleaning and 
degreasing materials and tools and in 
spray painting. 

Examples include gasoline, acetone, 
alcohol, turpentine, paint thinner, 
kerosene, mineral spirits, toluene, 
xylene and methylene chloride.



Typical uses of solvents
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Spray painting – toluene, xylene, mineral spirits

Cleaning metal or plastic parts – trichloroethylene, 
trichloroethane

Cleaning tools - acetone, MEK, toluene, xylene, 
mineral spirits

Fiberglass products - acetone

Printing presses – a variety of solvents

Silk-screening – a variety of solvents

Dry cleaning - perchloroethylene

Furniture refinishing - methylene chloride

Plastics manufacturing – a variety of solvents

Electronics – glycol ethers



Flammable and 
combustible solvents
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Most solvents will burn – except those with 
chlorine in their chemical makeup (like 

methylene chloride, or perchloroethylene).

The more volatile a solvent is (turns into 
vapor), the more flammable it is.  

A solvent with a flashpoint of 100˚ F or less 
is designated “flammable” and ignites 
easily. 

If the flashpoint is more than 100˚ F, the 
solvent is called “combustible” and is more 
difficult to ignite.

Flashpoint: the lowest temperature at which a solvent gives off 
enough vapor to burn when a flame or spark is present.



Limits of Flammability of Solvents

The limits of flammability is the range that a 
mixture of air and a solvent vapor is flammable. 

Mixtures can be too lean (not enough vapor) or 
too rich (too much vapor) to ignite and burn.

An example is an automobile engine.  Even though gasoline is 
very flammable, the car won’t run if the mixture is too rich (too 
much gasoline vapor) or too lean in the carburetor or fuel 
injection system. 
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When solvent vapors 
can ignite
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Lower and upper flammable limits – LFL & UFL

Other solvents have different LFLs and UFLs.  The UFL can be exceeded in 
closed confined spaces.  “LFL” is also called “LEL” – lower explosive limit.

Acetone

LFL – 2.5%
UFL – 12.8%

Flammable Range 2.5% to 12.8 %

Too little fuel will not ignite

This slide shows that acetone will not burn or explode if it 
is less than 2.5% in the air or more than 12.8% in the air.



Flammable Solvents
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Lower Flammable Limit – LFL (LEL)

In most work situations, the 
“lower flammable limit” (LFL) is 
the main concern.

Vapors from flammable liquids 
in the workplace are often too 
diluted to catch fire or explode.

In a small room or confined space 
like a tank, the vapor levels can 
quickly go above the LFL.

DOSH regulations prohibit anyone entering a confined space if flammable vapor 

levels are above 10% of the LFL.   LFL is also called “LEL” or “lower explosive limit”.



Flammable Solvent Safe 
Practices
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Use containers specially designed  
(UL - approved) for flammable 
liquids.

Keep away from open flames or sparks.

Ground and bond metal containers when 
transferring solvents to prevent static 
electricity sparks.

Acetone, toluene, xylene, turpentine, gasoline and 
MEK are especially flammable solvents (flashpoint 
below 100 degrees  F)



Health Hazards of 
Solvents
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Irritate your eyes, nose or throat,

Make you dizzy, high, sleepy, give you a 
headache or cause you to pass out,

Affect your judgment or coordination,

Cause internal damage to your body,

Dry out or irritate your skin.

As a group, solvents can:



Solvents and Skin
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Solvents can have a direct effect on the 
skin and be absorbed through the skin.

Most solvents will dissolve the natural 
oils in the skin and cause dryness and 
chapping.

Some solvents are also directly irritating 
to the skin or cause severe skin allergies 
in some people.

Regular or constant immersing or 
cleaning bare hands with solvents will 
cause skin dermatitis. 

Solvent dermatitis



Skin absorption of 
solvents
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Some liquid solvents will go through the skin into the body.

Some of these absorbed solvents can damage internal 

organs or cause long-term health damage.

In some cases as much of a solvent can enter through the 

body by skin absorption as by inhalation.

Other chemicals dissolved in solvents can also pass through 

the skin along with the solvent.

Gloves and protective clothing are the best protection.

A group of solvents known as “glycol ethers” and certain alcohol solvents are 

especially absorbable through the skin and cause internal health effects.



Solvents and the eyes
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A direct liquid solvent splash into the 
eyes can cause extreme irritation or 
even damage. 

Some solvent vapors can also be 
irritating to the eyes.

Some solvents are absorbed through 
the eyes.

Eye protection is often needed to 
protect against liquid splashes.



Solvent vapors in the air
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Because most solvents send vapors into the 
air, inhalation is the most common route of 
exposure.

Some solvents are more toxic than others.

Even with low toxicity solvents, an exposure to 
extremely high levels can cause sudden death.

Some solvents have strong odors even at 
harmless levels while others have no odor at 
dangerous levels.



Permissible Exposure 
Limits
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Most commonly used solvent vapors have “Permissible 

Exposure Limits” (PELs) or allowable amounts in the air.

Most of these limits are based on average 8-hour 

exposures – a few are peak or ceiling limits.

The lower the limit, the more toxic the solvent is.

Examples of PELs for common solvents:

acetone – 750 ppm xylene – 100 ppm

isopropyl alcohol – 400 ppm toluene – 100 ppm

MEK – 200 ppm ethyl benzene – 100 ppm

turpentine – 100 ppm trichloroethylene – 50 ppm  

ppm = parts per million   10,000 ppm = 1% in air



Some Especially 
Dangerous Solvents
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Benzene –blood damage and leukemia

N-hexane – peripheral neuropathy (tingling & numbness 

in hands and feet)

Methanol – blindness

Carbon tetrachloride – severe liver & kidney damage

Certain Freons – irregular heartbeat

Certain glycol ethers – damage to fetus, lowered 
sperm count, blood damage

Many of these chemicals are no longer used because of their high 
health hazards.  However they may occasionally show up in products 
in small amounts, in products from other countries, or as an 
unintended contaminant.



Solvent Vapor Exposure
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Activities that produce large amounts of solvent vapors

Spraying & spray-painting

Frequent use of solvent-soaked rags to 
clean parts or cleaning large surface areas

Dipping or cleaning parts in large open 
containers

Large spills or releases



How can solvent vapor 
exposure be reduced?
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Eliminate the solvent – this is the most foolproof 
method, but not always possible.  Cleaning can 
sometimes be done with strong detergents.

Substitute with a less toxic solvent – the toxicity 
must be known.  Sometimes there is no good 
substitute.

Substitute with a less volatile solvent – solvents 
that evaporate less readily may not give off enough 
vapors to exceed the PEL.



How can solvent vapor exposure be reduced?
(continued)
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Enclosing a process using solvents – prevents 
vapors from escaping into the air.

Covering all open-topped containers and tanks 
during non-use – reduces the time vapors are 
being emitted into the air.

Prohibiting the use of the solvent in unventilated 
enclosed or confined spaces –ventilation will 
reduce levels in the air.

General or exhaust ventilation – see next slide



General Ventilation
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General ventilation dilutes the concentration 
of the solvent in the air of a room or space.

When small amounts of solvents are used   
or the solvents are low toxicity, general 
ventilation is usually adequate.

General ventilation may be as simple as 
opening a door or window, or installing a 
wall or roof fan to bring in fresh air.



Exhaust Ventilation
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Exhaust ventilation is essential 
when solvents are used in 
confined spaces even in moderate 
amounts.

Local exhaust ventilation which 
capture solvent vapors at the 
source may be needed.

Local exhaust ventilation is 
usually needed indoors when 
highly toxic solvents are used or 
when large amounts of less toxic 
solvent vapors are generated.



Use of Respirators
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Respirators are the last choice for protection of 
employees from solvents, only after other possible 
methods are found not feasible.  

The type of respirator needed depends on the 
toxicity and amount of solvent vapor in the air.

Paper masks do not protect against solvents – the 
vapors go right through them.

These are only good for dust.



Why Respirators Are the 
Last Choice
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Respirators have major limitations:

 They can leak, wear out, or be the wrong kind.

 They can be hot, uncomfortable and make it 
hard to see or communicate.

 They can be hard to breathe through. 

 People may remove them in contaminated air.



Types of Respirators for 
Solvents
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Four types of respirators provide protection

Air-purifying half-face respirator – solvent is 

captured in an activated charcoal cartridge

Powered air purifying respirator (PAPR)-
air is pulled through cartridges by an battery-

operated fan. Reduces breathing resistance.  

Air-line Respirator – fresh air is supplied by a hose 

from a compressor.  The most protective type typically 

used for high levels or confined space work.

Air-purifying full-face respirator – same as above, but also 

provides protection from solvent eye irritation



Air inhaled in, 

solvents trapped
Air inhaled in, 
solvents trapped

Air exhaled out

How Cartridge 
Respirators Work
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Cartridges capture solvents during inhalation

This picture shows how air moves in and out of the respirator.  The act of breathing creates a 
negative pressure inside the mask, which is why these and dust masks are sometimes called 
“negative pressure respirators”.  If the mask does not fit properly along the edges, contaminated 
air can enter.  This is why fit-testing is essential when using these kind of respirators.



Respirator Cartridges 
for Solvents
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“Organic vapor” cartridges are the only type that 
capture solvent vapors.

Cartridges for solvents will absorb only so much 
solvent until breakthrough occurs.

Cartridges are not suitable for some solvents since 
they are not trapped inside the cartridge. (includes 

methanol and methylene chloride)  

Cartridges should be selected 

and changed regularly 

according to manufacturers 

recommendations.



Air-line Respirators For 
Solvents
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Air-line respirators are required when 

solvent levels are more higher than the 

10 times the PEL of the solvent.

Air-line respirators are limited to 300 feet 

of hose.

Fresh air is typically supplied from an air 

compressor.

The compressor must be able to supply 

high quality clean air.

Link to air quality requirements

http://www.lni.wa.gov/wisha/rules/respirators/HTML/296-842-200.htm


Respirator Fit
Respirators Must Fit Properly
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Respirators must fit properly to 
prevent solvent vapor leaks 
around the edges.

Fit-testing must be done before 
first wearing a respirator.

Beards are not allowed when 
wearing most respirators 
because they will leak.

Some loose-fitting respirators do not require 
fit-testing and can be used with beards.



Employee 
Respirator Training
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Training is required for any 
employee wearing respirators.

Training must cover why 
respirators needed, their 
limitations, how to clean and 
maintain and how to use. 

If you don’t know how to use a 
respirator properly, you can 
get a false sense of protection.

Link to training requirements

http://www.lni.wa.gov/wisha/rules/respirators/HTML/296-842-160.htm


Gloves for Solvent Skin 
Protection
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Only “chemical resistant” gloves 
will provide adequate protection 
for the hands.

Leather or cloth gloves will 
simply soak up solvents and 
hold them against the skin.

Latex gloves will be softened or 
dissolved by some solvents.

http://www.magidglove.com/product.asp?pf_id=593
http://www.magidglove.com/product.asp?pf_id=593


Chemical-Resistant 
Gloves

ISE-KIOT

Chemical-resistant gloves facts

Chemical-resistant gloves are 
not totally “chemical-proof”

Solvents will eventually 
penetrate the gloves over time.

The thicker the glove, the more 
resistant it is to solvents.

Solvents will also break down 
(swell, crack or weaken) the 
glove material over time.

Thick is better than Thin



Chemical-Resistant 
Gloves

Chemical glove selection
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Good chemical gloves are made of 
Viton®, butyl, nitrile, neoprene, PVC 
or a combination of these.

You must select gloves according 
to the type of solvent.

No single glove material will 
protect against all solvents.

Link to chemical glove selection guide

http://www.allsafetyproducts.biz/site/323655/page/74172


Chemical-resistant 
Gloves
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Using chemical-resistant gloves

Throw away gloves whenever 
degradation is visible or you know 
chemicals have leaked inside.

You should know what solvent you 
are handling and how long the 
gloves will keep the chemical out.

When handling highly toxic solvents, 
two layers of chemical-resistant 
gloves can provide additional 
protection.

outer glove

inner glove



Solvents and Hazard 
Communication
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All employees must be trained on the 

hazards of the specific solvents they 

use or are exposed to.

Material safety data sheets (MSDS) 

provide information on product 

ingredients and hazards of solvents.

All employees must have access to the 

MSDS as well as training.  

All containers of solvents must be 

labeled with the name and hazards of 

the contents.

Example MSDS



Why chemicals are hazardous?
 Toxic

 Fire

 Explosion 
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Toxic Release
 Bhopal Disaster

Amount of chemical disposed :

30 Tons of methyl isocyanate

Type of Effect :

Coughing, eye irritant, vomiting &
Pulmonary

failures
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Bhopal Disaster 
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Fire and Explosion

 Flixborough incident (Vapour Cloud Explosion)

 1 June 1974 (Saturday), Nypro Limited, U.K

 28 Killed, 36 injured

 Cyclohexane (8.8Kg/cm2 and 155c (Exothermic
Reaction)
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Fire and Explosion
 Mexico Disaster:

 19th November 1984 in PEMEX. LPG Terminal Mexico city

 LPG handled on site is about 11,000 m3

 500 were killed 

 15 explosion – BLEVE
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Chemical Hazards
 Dust ( 1-200 µm)

 Fumes & Smoke ( 0.01 – 1.0 µm)

 Gases( non-particulate)

 Mist & Fog(<10 µm)

ISE-KIOT



Routes of Entry
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Exposure Limit
There are three categories of ACGIH TLV:

 Time-Weighted Average (TLV-TWA)

 Short-Term Exposure Limit (TLV-STEL)

 Ceiling (TLV-C)
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Exposure Limit
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Time-Weighted Average (TLV-TWA)

Duration : 8 hours

C
o

n
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e
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TWA

Time



Exposure Limit
 Short-Term Exposure Limit (TLV-STEL) 

 It is the maximum concentration to which workers

can be exposed continuously for a short period of

time without suffering from any health hazards.

 Ceiling (TLV-C)

 It is the concentration that should not be exceeded even

instantaneously.
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Exposure Limits
TYPE TLV STEL

COTTON 

DUST

0.2 mg/m3 --

CHLORINE 0.5 ppm 1

Al METAL 10 mg/m3 --

AMMONIA 25 ppm 35 ppm

ISE-KIOT



How  the chemicals effect the 

health ?

Acute

Chronic
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Dust
 Formation of dust
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Through 

ProductionGrinding

Coal dust

Product itself



Types of Dust
 Respirable dust (<10 µm )

 Non Respirable dust ( > 10 µm )

IN HUMAN SYSTEM

 >10 µm – retained in nose

 < 10 µm – passes through the upper respiratory                     
system

 0.5 – 5.0 µm – deposited in bronchioles and 
few in     alveoli

ISE-KIOT



How does the Dust Enter?
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DUST-Occupational Diseases
SILICOSIS – silica

 Develops after 10 – 15 years of exposure

 Difficulty in breathing, pain in chest,cough ,etc

 Goes into the lungs and destroy it

 0.5 – 3 µm dangerous

 No effective treatment
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Silicosis
NORMAL LUNGS AFFECTED LUNGS
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Asbestosis

 Scaring of lungs

 Effect after 20 yrs

 Fibrous form – 3D

 20 – 500µm in length

 Symptoms – cough, 
difficulty in 
breathing,

chest pain
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Asbestosis
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Where Asbestos is present ?
 On roof

 Fire break walls

 Cement boards

 Tile adhesive

 Paint and glues

 Plastic carpeting

 Electrical junction 
box
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Lead Poisoning
 Organic and inorganic 

 Lead arsenate, lead oxide , lead carbonate , lead 
sulphide

 Inhalation , ingestion and absorption

 TLV in blood 25µg / 100ml

 SYMPTOMS – constipation , loss of apetite , blue line 
on gums , anaemia , insomnia , touching objects turns 
black
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Fumes
 Released from chemical and metallurgical 

process . 

 Eg.:

Acid fumes , oxide fumes , oil and solvent 
fumes
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Chromium Poisoning
 Chrome salts in dyeing , photography , 

cements

 +3 oxidation state – less hazardous

 +6 oxidation state – more hazardous

 Painless papule on hands, skin irritation , 
redness of throat, irritation in nasal septum

 Cleaning agent  CaNa2
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Manganese Poisoning
Affects nervous and pulmonary system

Results in loss of balance

Nickel Poisoning

 skin absorption and inhalation

 Asthma and cancer of nasal cavities
ISE-KIOT



Gas PoisoningASPHYXIANTS – depriving for o2

 3 TYPES

Simple – No chemical reaction involved
eg – N2 , CO2 , CH4.

Chemical – Chemical reaction between             
chemicals and body 

system
eg – co , cyanide 

Irritant   – Irriataion to 
nose,throat,etc
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Co Poisoning
 Colourless and odourless ( silent killer)

 Present in producer gas

 Headache , cough , pain in chest

 TLV – 25 ppm
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Co + Hb  CoHb (carboxy heamoglobin)

200 times more affinity to oxygen
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So2 Poisoning
 Absorbed in upper part of respiratory system

 1.6 ppm - difficulty in breathing

 10 ppm   - eye irritation

 20 ppm   - immediate severe cough
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Solvents
 Acromatic hydrocarbons 

mainly used in 
degreasing operations. 
 Eg.: Benzene , 

Trichloroethylene

 Benzene – Rubber , 
Plastics , Paints , 
Polishes.

Bone marrow
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Skin Diseases
 Contact Dermatitis 

(Eczema)

 Irritant eczema 
(non-allergic)

 Allergic contact 
eczema
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Control Measures
 Monitoring of working environment

 Monitoring health of the workers

 Health education

 Engineering methods

 Personal Protective Equipments
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Improved Process Technology
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Personal Protective Equipment
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Fire and Explosion
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Fire
• A fire must have three things to ignite and 

maintain combustion:
– Fuel
– Heat 
– Oxygen

• The basic strategy of fire prevention is to 
control or isolate sources of fuel and heat in 
order to prevent combustion.
If all three are not present in sufficient quantities 
a fire will not ignite or a fire will not be able to 
sustain combustion
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Flash Point
 PRODUCES ENOUGH VAPOR TO SUSTAIN FLASH

OF FIRE IF IGNITED.

 Lower the flash point higher will be the risk of 
material catching

 For example
 Gasoline:  - 32°C

 Acetone:   -17.8°C

 Methanol: +11°C

 Petrol:        -40°C
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Fire point

 Slightly more than 
flash point, gives 
continuous burning 

Auto Ignition
Temperature

 Without any ignition
source simultaneously
ignites.

For example

Diesel oil+250°C

Acetone +465°C

Methane +537°C
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Flammability Range
Lower explosive limit

Upper explosive limit

 Example: 
 Acetylene 2 - 88%
 Hydrogen 4– 75%
 LPG 1.8 – 9.6%
 Petrol 1.4 – 7.6%
 Diesel: 0.6 – 5.5%

 Higher the range more is the hazard
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Explosion
OCCURS DUE TO VERY HIGH FLAME
PROPAGATION RATE AND SUDDEN
RELEASE OF ENERGY

 The damage causing potential of an
explosion depends upon
 Fuel concentration
 Turbulence
 Type of confinement
 Type of chemicals
 Ignition source
 Strength etc.
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Fireworks Chemicals

 SENSITIVE TO 

 Friction

 Impact

 Thermal 

 static electricity
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 Thank you
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