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PREFACE 

Wherever chemica/s are processed on an industrial scale, frequent use 

is made of drying processes. Solid substances in particular often have 

to undergo drying. When drying takes place, the substance being dried 

is subjected to physical stresses which can lead to hazardous situations 

and possibly accidents. 

As lang ago as 1985, ESCIS published "Trocknen von Feststoffen" 

("Drying of So/ids") as Booklet 6 of its "Safety" series of publications. 

The booklet contained measures for safe drying of solids in vacuum dry­

ing ovens and paddle dryers, as we/1 as tests for safety assessment of 

the substance to be dried. Developments in re/ation to drying processes 

have made great progress and brought many changes. This has made 

a new edition of ESC/S Booklet 6 necessary. 

Relative to the first edition of 1985, the new booklet deals with the dry­

ing process more broadly and less in relation to specific apparatus. This 

process-specific treatment of the basic operation of drying demon­

strates the fundamental hazards and risks, as weil as means of protec­

tion and safety measures. This provides a basis for risk evaluation which 

enables numerous drying installations to be assessed. The method 

used in the first edition of segregating products into safety classes for 

drying (SCD), and the corresponding assignment of protective mea­

sures, is no langer given prominence in the new edition, a/though it can 

still be used for a preliminary risk assessment in many cases. For this 

reason, extracts from the first edition are included here in Annex B for 

reference. 
This second edition of ESC/S Booklet 6 "Drying", has been completely 

revised, and substantial/y expanded and deepened, relative to the first 

edition. Particular attention has been given to examp/es of applications 

which have come into practice since the first edition. 

Basel, January 2003 

Expert Commission for Safety in the Swiss Chemical lndustry 

(ESCIS) 
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DRYING OF SOLIDS 

1. lntroduction

1.1 Changes and additions relative 
to the first edition 

This booklet describes the hazards associated with the 

drying of solids. Wherever possible, the limits at 

which the hazards occur are stated according to the 

most recent state of knowledge. Suitable tests are 

explained for identifying and evaluating the safety-rele­

vant properties of the substances to be dried. 

The booklet describes protective measures corre­

sponding to the state of the art, and thereby provides a 

basis for rational decisions regarding both the selection 

of appropriate and suitable measures and their practical 

application. The recommended safety measures meet 

minimum requirements which have proved them­

selves in industrial practice and under conditions of 

"good housekeeping". Exceptions and deviations from 

these safety measures should only be undertaken by 

specialists and after careful assessment of the specif­

ic case. lf necessary, the opinion of external experts 

must also be obtained. 

In contrast to the first edition, which was concerned 

exclusively with drying in paddle dryers and drying 

ovens, the new booklet has been expanded to include 

the most common thermal drying methods. As a con­

sequence of this process-oriented (and no longer appa­

ratus-specific) approach, the former segregation into 

safety classes 1 is no longer used, and specific consid­

eration of minimum safety equipment for specific dry­

ers has been omitted. Only those safety problems 

which are relevant to the basic operation of drying, 

and their possible solutions, are considered. 

This means that this booklet cannot be used to select 

a suitable drying method for a particular situation, 

because such a selection depends primarily on the 

overall processing circumstances such as, for example, 

batch or continuous operation, the nature and consis­

tency of the product to be dried (slurry or filter cake), as 

weil as specifications for the dried product (flowability, 

particle size distribution) and its further processing 

(see, for example, [15]). 

1.2 Scope of application 
This booklet relates exclusively to drying processes in 

which the transfer of heat takes place by convection or 

contact; it does not apply to freeze, radiation, or 

microwave drying. Drying from the molten state is also 

not included in the scope of this booklet; it must be 

assessed separately. The booklet is also restricted to 

the drying process itself, and to the apparatuses and 

their components intended for this purpose. 

Other aspects of handling solids (charging, discharging, 

filling, and emptying of apparatus and containers for 

transportation, as weil as separation, mixing, sieving, 

transportation, and storage) are not the subject of this 

ESCIS booklet. 

The following dryers are considered: 

a) Based on the principle of contact drying

• Paddle dryer

• Drying oven

• Nutsch dryer

• Tray dryer

• Thin-film dryer

b) Based on the principle of convection drying

• Spray dryer

• Fluid-bed dryer/granulator

• Belt (conveyor) dryer

c) With integrated drying processes

• Fluidized spray dryer2 

d) lntegrated with other basic operations

• Dryer-pulverizer3 

• Spin-flash dryer4 

1 Cf. Annex B, extracts from ESCIS Booklet 6, "Trocknen von Fest­
stoffen" ("Drying Solids"), 1985 edition: .s.afety i;lasses for .drying 
(SCD) 

2 Eluidized .s.pray .dryer = combination of a short spray dryer with an 
integrated fluid-bed dryer. 

3 Dryer-pulverizer = dryer in which the product is spread by means of 
a pulverizer and air current. 

4 Spin-flash dryer = transition-layer dryer in which the product is 
spread by means of an air current and agitators. 
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For combinations of these dryers, and for dryer types 

not listed here, or for similar drying processes, the con­

tents of this booklet can be applied analogously. Exam­

ples and how they can be handled are: 

• Rotary dryers - as paddle dryers

• Conical batch dryer with - as paddle dryers

screw conveyor

• Pneumatic-conveyor dryer

• High-speed paddle dryers

or paddle dryers with high­

speed agitators5 

- as spray dryers

- as thin-film dryers

In the case of reaction stages which take place in the 

drying apparatus before the actual drying itself (e.g. in 

paddle dryers), only the drying of the reaction product 

is considered. lf the solvent to be removed is also, for 

example, the reactand, the relevant data for thermal 

reaction safety must also be taken into consideration 

when determining the drying temperature. 

Further measures for ensuring safety and occupational 

hygiene in the general handling of dusts and solvents 

are given only partial consideration. The same also 

applies to measures for controlling the problem of heat 

accumulation when filling thermally unstable bulk prod­

ucts. 

For further safety measures of specific relevance to 

drying operations, reference should be made to the 

ESCIS booklets 1 "Sicherheitstests für Chemikalien" 

[1], 2 "Static Electricity" [2], 3 "lnerting" [3], 5 "Milling 

of Combustible Solids" [4], and 8 "Thermal Process 

Safety" [5], as weil as the other references listed in 

Chapter 6. 

1.3 The process step "drying" 

Drying is understood to mean the separation of liquid 

from a wet solid by vaporizing the liquid and removing 

the vapor. Since this process requires energy (mainly in 

the form of heat), it is referred to as thermal drying. 

Every thermal drying process is therefore characterized 

by a simultaneous transfer of heat and substance. 

Depending on the temperature, the drying process 

takes place either below the boiling point of the liquid 

being removed, or at its boiling point. The latter type of 

drying generally results in shorter drying times. 

The liquid to be separated can be contained in the prod­

uct to be dried in three different ways (or combinations 

thereof), viz. 

• as free, unbonded liquid on the surface of the parti­

cles;

• in the case of hygroscopic substances, as liquid held

in the pores of the particles by capillary and adsorp­

tion forces;

• as crystalline water bonded in the crystal structure of

the solid substance.

5 Speed at circumference greater than 1 m s·1 
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Fig. 1: Orying process over time (schematic) [61 

In view of this, the time and energy required to remove 

the liquid also differs correspondingly. The drying 

process can therefore generally be divided into at least 

two phases (see Fig. 1 ): 

• In the first drying phase - with constant drying speed

- the liquid evaporates or vaporizes rapidly and even­

ly on the particle surfaces. This results in formation of

a liquid gradient inside the particle with subsequent

transportation of liquid from within the particle to its

surface by diffusion.

• The second drying phase - with steadily diminishing

drying speed - begins when the amount of liquid

arriving from within the particle is no langer sufficient

to moisten the surface. The evaporation or vaporiza­

tion process then takes place within the particle. The

liquid inside the particle has to diffuse to the surface

as vapor through layers of substance which are

already dry. The resistance to be overcome increases

and the speed of transportation decreases. The

increase in resistance and decrease in speed are

greater for larger particle diameters (or layer thick­

ness) and for finer capillaries in the particles of solid

substance. Toward the end of the drying process

there is therefore usually a small amount of residual

moisture which remains in the substance being

dried.

Particularly in continuous processes it is therefore 

often appropriate to perform the two drying phases in 

two different dryers (pre- and post-dryer). In the first 

apparatus there is a short period of drying at a high tem­

perature to remove the surface moisture, and in the 

second apparatus there is langer period of drying, pos­

sibly at lower temperatures, to remove the capillary 

moisture. 

However, in practice the drying process is rarely con­

tinued until the theoretically possible residual moisture 

is attained, but terminated for economic reasons as 

soon as the requirements regarding the final moisture 

content in the dried product are fulfilled. lt may be nec­

essary for the dried product to be cooled before being 

discharged. 

Besides wet solids, suspensions can also be thermally 

dried. (However, for economic reasons, it is then advan-



tageous to remove as much liquid as possible in a pre­

ceding mechanical separation process.) Thermal drying 

does not include the drying of gases and organic 

liquids, such as the removal of water with the aid of 

sorption agents. 

The heat required for drying consists mainly of: 

• heat to raise the temperature of the product being

dried to the drying temperature

• heat for the actual vaporization

• heat lost to the surroundings.

This heat must be supplied to the product being dried

by conduction, convection, or radiation. Depending on

how the heat is supplied, drying is separated into con­

tact, convection, and radiation drying.

1.3.1 Contact drying 

In contact drying, the heat required is supplied to the 

substance being dried indirectly by conduction. The 

substance being dried either rests on heated surfaces 

(e.g. in a vacuum drying oven), or is transported over 

them, or is continuously mixed (e.g. in tray dryers, pad­

dle dryers). 

Contact drying is usually performed under vacuum. 

This lowers the boiling point of the liquid to be vapor­

ized so that temperature-sensitive substances can also 

be dried. The recovery of organic liquids by condensa­

tion in indirect heat exchangers (surface condensers) is 

therefore more readily possible than with convection 

drying. 

Vacuum drying is usually performed in batch, because 

for continuous operation vacuum-tight entry and exit 

locks would be necessary. The vacuum is usually cre­

ated by means of liquid-ring vacuum pumps or injector 

pumps, because these are less sensitive to uncon­

densed vapors. Rotary vane pumps are also increas­

ingly used: the question of flame barriers then arises. 

1.3.2 Convection drying 

In convection drying, heat is transferred directly to the 

product being dried by means of a hot gas, usually air. 

There are several different ways in which the product 

being dried can be brought into contact with the hot air, 

for example: 

• Air flowing over (e.g. circulating-air drying oven) 

• Air flowing through (e.g. belt dryer)

• Fluidization (e.g. fluid-bed dryer) 

• Entrainment (e.g. pneumatic-conveyor dryer) 

• Atomization (e.g. spray dryer) 

Without special measures, convection drying with air is 

generally only possible for substances which are chem­

ically insensitive, and particularly not easily flammable. 

The use of inert gases instead of air is considerably 

more expensive, and the recovery of organic liquids by 

condensation or adsorption of the vapors is complicat­

ed. 

1.3.3 Freeze drying 

Freeze drying is a type of contact drying in which the 

product to be dried takes the form of an aqueous solu­

tion which is first frozen. The ice is then removed by 

sublimation under vacuum at temperatures below O °C. 

The remaining solid is flowable, porous, and easily re­

soluble. Freeze drying is especially suitable for gentle 

drying of foodstuffs (e.g. coffee) and pharmaceutical 

products which are either highly temperature-sensitive 

or decompose after lengthy storage in dissolved form. 

1.3.4 Radiation drying 

In radiation drying, the necessary heat is transferred 

directly onto the product being dried in the form of 

infrared radiation from radiant heaters. By this means, 

very short drying times can be obtained, but the radia­

tion temperature must be very high (400-2000 °C). 

Since infra red radiation hardly penetrates into the prod­

uct being dried, this method of drying can only be used 

for drying thin films (e.g. paints or ceramic products). 

2. Hazardous situations

2.1 General considerations 

The various methods of drying (contact or convection) 

with their specific types of dryer lead to entirely differ­

ent hazardous situations. For example, in contact dry­

ers (except thin-film dryers) the occurrence of explo­

sive dust clouds does not normally have to be consid­

ered a possibility, because movement of the product is 

generally only slow (see Table 1 ). On the other hand, in 

convection dryers operated with air, (except belt dry­

ers), explosive mixtures of dust and air must almost 

always be considered a possibility. The fact that at 

higher temperatures the mixtures are more readily 

ignitable, as weil as the ignition sources present in 

each ca�e, must always be borne in mind. The igni­

tion sources range from electrically or mechanically 

generated sparks and electrostatic discharges, through 

local overheating (caused, for example, by friction, for­

eign material, or smoldering agglomerates) and hot sur­

faces, to excessively high working temperatures which 

trigger self-ignition or decomposition reactions. The 

thermal stress on the product being dried also varies 

from one type of dryer to another, even though the 

same drying process may be used. For this reason, the 

extent to which a description of the hazardous situa­

tions associated with drying can be general and all­

embracing is limited. 

What follows is a description of the typical types of 

stress and the hazardous situations which result from 

them, both in general and in relation to specific dryers. 
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Temperature 

► 
Temperature of heating medium 

Vaporization temperature 

Heating up Drying Termination 
of drying 

....... 

Time 

Fig. 2: Temperature over time (schematic) in product being 
dried [6] 

2.2 General hazards of drying 
2.2.1 Exothermic decomposition 
For efficient drying, the product to be dried must have 

heat supplied to it. The accompanying increase in tem­

perature inevitably causes a thermal stress on the prod­

uct being dried. The magnitude and duration of this 

thermal stress depend on the selected drying process 

and the type of dryer. The purpose of the tests and 

measures recommended in this booklet is to ensure 

that if the dryer is operated as intended, the products 

are not subjected to an unacceptable thermal stress. 

While the magnitude of the thermal stress is generally 

determined by the maximum temperature attained by 

the product being dried, its duration is defined by the 

mean period which the product being dried spends in 

the dryer (see Fig. 2). 

However, if the dryer is operated other than intended, 

much longer thermal stressing of the product being 

dried may occur at the highest temperature possible 

in the dryer. Depending on the specific circum­

stances, this may initiate thermal decomposition of 

the product. 

2.2.2 Fire/explosion hazards 
Explosive dust-air mixtures may be present in con­

vection dryers - at least locally-when they are in oper­

ation (see 2.3.2). Such mixtures can also occur in con­

tact dryers when dust deposits are fluidized as a result 

of faults or certain operations, e.g. discharging. lf effec­

tive ignition sources cannot be ruled out in such cases, 

dust explosions must be considered a possibility [8]. 

Contact with correspondingly hot surfaces, or under 

certain circumstances exothermal decomposition (see 

2.2.1 and [1 ]}, can cause the product to heat up to its 

glow temperature (see [1]} if insulation conditions are 

also favorable, as they may be if caking is present. The 

occurrence of flammable low-temperature carboniza­

tion gases is also possible. Depending on the proper­

ties of the product and the environmental conditions, 

this can initiate a fire or explosion. 

Friction heat (caused, for example, by hot-running 

bearings or trapped foreign matter) can cause local 

overheating of the product being dried. Depending on 
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the properties of the product, this can initiate a dust fire 

or dust explosion. 

Smoldering agglomerates, which may only act as an 

ignition source for a dust fire or dust explosion in down­

stream apparatus, are only possible for products with a 

combustion number (see [1]) greater than 3. For a dust 

explosion to be initiated by a smoldering agglomerate 

of the same dust, a certain ignitability is necessary. Cur­

rent knowledge indicates that for this to occur, the 

product must have a minimum ignition energy (see [1]) 

of less than 1 joule. 

In dryers with moving agitators, there may be mechan­

ical stress on the product. At corresponding relative 

speeds of the moving parts, incendive mechanical 

sparks must be considered a possibility if faults occur. 

Mechanical sparks can only cause dust explosions 

of products with a minimum ignition energy less than 

1 joule and an ignition temperature (according to BAM) 

(see [1]) below 500 °C. 

lgnitions hazards from electrostatic discharges can 

arise from both non-conductive and conductive, but 

ungrounded, plant components. Under certain circum­

stances, incendive electrostatic discharges can also be 

emitted from non-conductive products being dried. 

(See also 2.2.5, [2] and [9].) 

2.2.3 Seif propagating decomposition6 

With corresponding product properties and under 

strongly insulating conditions, local overheating aris­

ing, for example, from friction heat can cause a locally 

initiated decomposition reaction which propagates 

independently even under the exclusion of atmospher­

ic oxygen. This occurs if the energy of decomposition, 

whose extent is at first limited, heats up adjacent prod­

uct particles until they also spontaneously decompose. 

Details are given, for example, in the corresponding 

section of ESCIS Booklet 1, "Safety Tests for Chemi­

cals" [1]. As weil as the energy of decomposition, 

which in some cases is substantial, large quantities of 

possibly flammable decomposition gases may also be 

spontaneously released. 

2.2.4 Hazards from hybrid mixtures 

lf the product being dried contains a flammable liquid, 

the occurrence of hybrid mixtures must be considered 

a possibility. Hybrid mixtures are easily ignitable and 

explode with greater violence than solvent-free dust-air 

mixtures. This hazard can already become significant if 

the solvent vapor concentration attains approximately 

20 % of the lower explosion limit of the solvent (see 

[8]). Mathematically, this is the case at a temperature 

about 30 °C below the flashpoint. 

6 The expression "seif propagating decomposition", formerly known 
as "deflagration", is interpreted in various different ways. Within 
the scope of this booklet, the following definition applies: Seif prop­
agating decomposition is decomposition initiated locally by an 
external ignition source which in contrast to combustion propa­
gates autonomously even in the absence of atmospheric oxygen, 
the rate of propagation never exceeding the speed of sound. 



Because the presence of solvent substantially reduces 

the minimum ignition energy of the mixture, which in 

the limiting case can fall to the value of the more read­

ily ignitable component, greater attention must be paid 

to the hazard of ignition by electrostatic discharges 

(see [2]). 

lt a product being dried can release flammable low­

temperature decomposition gases, it must be treated 

in a similar manner to one which contains flammable 

liquid at corresponding temperatures. 

2.2.5 Hazards in dust separators 

When dust separators are in operation, the occurrence 

of explosive dust-air mixtures - and under certain cir­

cumstances even of hybrid mixtures - must be consid­

ered a possibility. In association with the drying 

processes, the increased hazard from operation of the 

filter at frequently high temperatures must be given 

special attention. With increasing temperature, the 

minimum ignition energy of the products may decrease 

and their flammability increase. 

Electro-filters must always be regarded as ignition 

sources, and only used after consultation with explo­

sion protection specialists. 

2.2.6 Hot discharging 

The hazards of hot discharging are primarily product­

specific and not determined by particular drying 

processes. For an assessment of these hazards, see 

also the section on "Exothermal decomposition und 

conditions of heat concentration" in ESCIS Booklet 1 

"Sicherheitstests für Chemikalien" (" Safety Tests for 

Chemicals") [1]. 

Vacuum 

Heating medium 

Condensate 

Steam 

2.3 Hazards of specific dryer types 
The sections that follow draw attention to hazards spe­

cific to particular dryers. lt should be borne in mind that 

the assessments in the tables assume that the respec­

tive dryers are operated as intended. lt is clear that 

these assessments no langer apply in the case of faults 

or other exceptional situations (for further information, 

see the footnotes to the tables}. 

2.3.1 Contact dryers 

Fig. 3 shows several typical contact dryers. To explain 

the situation regarding hazards, a number of important 

process characteristics of contact dryers are summa­

rized in Table 1. From the criteria stated in Table 1, indi­

cations of possible explosion hazards or the occurrence 

of explosive mixtures in contact dryers can be 

deduced: these are summarized in Table 2. To permit 

assessment of the associated explosion risks, Table 3 

shows ignition sources for the same situations which 

must be taken into consideration as necessary. 

(Depending on the specific operational conditions, fur­

ther ignition hazards must also be considered.} 

Since not all the individual fields of these tables contain 

clear-cut hazard situations applying to all operating con­

ditions, attention must be paid to the additional infor­

mation in the respective footnotes. 

The thermal stresses on the product being dried shown 

in Table 1 result in the thermal hazards shown in Ta­

ble 4. 

2.3.2 Convection dryers 

Fig. 4 shows schematically several well-known con­

vection dryers. To explain the hazard situations typical 

Heating Loading 
medium with airlock 

� 

Hot air Ta exhaust 

air cleaner 

Vacuum 

Unloading 
with airlock 

Fig. 3: Vacuum drying oven (left), paddle drver, and trav dryer (right) [61 
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Heating 
medium 

Fig. 4: F!uid-bed dryer for discontinuous operation (left), be!t dryer [6], and fluid-bed dryer (right). 

Table 1: lmportant safety-relevant processing characteristics of contact dryers 

Dryer Type 

Processing Drying Paddle Nutsch Tray 
Characteristic oven dryer dryer dryer 

Typical Vacuum/ Vacuum Vacuum Vacuum/ 
operating pressure atmospheric atmospheric 

Normal time -24 -24 -24 -1
in dryer [h] 

Quantity of product<D <1000 �5000 <3000 <300 
in dryer [kg] 

Product None Slow, Slow, Slow, 
movement mechanical mechanical mechanical 

© Product after drying 

Tab!e 2: Potential exp!osion hazards in contact dryers 

DryerType 

Explosion Hazard Drying Paddle Nutsch Tray 
oven dryer dryer dryer 

Dust explosion@ Practically impossible Unlikely, Unlikely, Possible, only in fitter 
see® see® 

Solvent vapor Possible, see® Possible, see® Possible Possible 
explosion© 

Hybrid mixture Practically impossible Unlikely, Unlikely, Possible, only in filter 
explosion© see® see® 

@ Dust explosions - unlike solvent-vapor explosions - require a fluidized cloud of dust. 

Thin-film 
dryer 

Vacuum/ 
atmospheric 

-0,1

<100 

Slow, 
mechanical 

Thin-film 
dryer 

Possible 

Possible 

Possible 

Air 
supply 

@ A hazard of dust explosions is only possible with fluidized products and inadequate inerting or poor vacuum (e.g. greater than 100 mbar 
[abs.)). However, the corresponding effects are hardly relevant for safety. Under certain circumstances, a dust explosion hazard can arise 
when discharging. 

© When drying solvent-wet product. 
@ Under vacuum operation, solvent-vapor explosions are only conceivable when charging/discharging, but under atmospheric conditions 

always. 
@ Explosions of hybrid mixtures are only possible with fluidized products and inadequate inerting or poor vacuum (e.g. greater than 100 mbar 

[abs.)). However, the corresponding effects are hardly relevant for safety. The discharging process must be considered separately. 
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Table 3: Explosion risks from ignition sources in contact dryers 

DryerType 

lgnition Drying Paddle Nutsch Tray Thin-film 
Source oven dryer dryer dryer dryer 

Electrostatic Practically impossible Unlikely, Possible Practically impossible Practically impossible 
discharge® see® 

Mechanical Practically impossible Unlikely, Practically impossible Unlikely, Possible 
spark see® see®I 

Impact Practically impossible Unlikely, Practically impossible Practically impossible Possible 
stress see® 

Overheating by Practically impossible Possible Possible Practically impossible Possible 
foreign material 

0 This line contains only those electrostatic ignition hazards which still remain despite correct grounding of all conductive parts. 
® When charging (loading) highly-insulating products (see ESCIS Booklet 3 "lnerting", Section 4.7). 
® The hazard of mechanical sparking is only conceivable when beaters are used. 
®I Only significant for atmospherically operated dryers where there is no monitoring of residual dust before the air circulating fan. 
® Impact stress is only possible when beaters are used. 

Table 4: Thermal hazards in contact dryers 

Dryerlype 

Thermal Drying Paddle Nutsch Tray 
Hazard oven dryer dryer dryer 

Heat Unlikely Possible with Possible with Practically impossible 
accumulation agitator failure agitator failure 

Caking Practically impossible Possible Possible Practically impossible 

Hazard from Practically impossible Possible Possible Practically impossible 
residual product see@ 

Seif propagating decom- Unlikely Possible Possible Unlikely 
position ("Deflagration") 

Overheating by Practically impossible Practically impossible Possible, only with Possible 
excessively hot recirculating gas 
inlet gas 

Overheating by Possible Possible Possible Possible 
excessively hot 
surface 

@ A base layer up to 3 cm thick may result from the apparatus. 

Table 5: lmportant safety-relevant processing characteristics of convection dryers 

Dryerlype 

Processing Spray Fluid-bed dryer/ FSD- Mikron Spin-flash 
Characteristic dryer granulator dryer dryer dryer 

Normal time <1 min® -1 h <1 h -15 min -15 min
in dryer 

Quantity of <100 <1000 <500 <300 <100 
product® 
in dryer [kg) 

Product Sprayed Fluid bed Fluid bed, Transition layer@ Transition layer® 
movement transition layer®, 

spraying 

@ When post-drying with a downstream fluid-bed dryer, the time in the dryer can last up to 12 minutes. 
® Product after drying. 
® Transition layer = transition between fluid bed and riser (pneumatic transportation). 

Thin-film 
dryer 

Practically impossible 

Possible 

Practically impossible 

Unlikely 

Practically impossible 

Possible 

Belt 
dryer 

-1 h

<2000 

None 
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Table 6: Explosion risks from ignition sources in convection dryers 

DryerType 

lgnition Spray- Fluid-bed dryer/ FSD Mikron Spin-flash Belt 
Source dryer granulator dryer dryer dryer dryer 

Electrostatic Unlikely Possible Possible Possible Possible Possible, 
discharge® see® 

Mechanical Possible, only in Practically Practically Possible Possible Unlikely, 
spark disk atomizers impossible impossible see® 

Impact Practically Practically Practically Possible Possible Practically 
stress impossible impossible impossible impossible 

Overheating by Practically Unlikely Practically Possible Possible Unlikely 
foreign material impossible impossible 

Formation of Possible Possible Possible Unlikely, Unlikely, Practically 
smoldering except in® except in® impossible 
agglomerates® 

® This line contains only those electrostatic ignition hazards which still remain despite correct grounding of all conductive parts. 
® With non-conductive belt. 
® Only significant where there is no monitoring of residual dust before the air recirculation fan. 
® The hazard of smoldering agglomerates only arises for products with a combustion number greater than 3. 
@ The hazard of smoldering agglomerates only arises if the product enters the heating area. 

Table 7: Thermal hazards in convection dryers 

Thermal Spray Fluid-bed dryer/ 
Hazard dryers granulator 

Heat Possible, with Possible 
accumulation deliberate 
hazard® hold-up in cone 

Thermal Possible Possible 
decomposition 
in caking 

Hazard from Practically Practically 
residual product impossible impossible 

Seif propagating Unlikely Possible 
decomposition® 

("Deflagration") 

Overheating Possible Possible 
by excessively 
hot inlet gas 

Overheating Possible Possible 
by excessively 
hot outlet gas 

Thermal Unlikely Possible 
decomposition 
in recirculation 
zones 

® lf fan fails, e.g. because of a power outage. 
@ Only for deposits on the housing. 
@ Only arises if the product enters the heating area. 

FSD 
dryer 

Possible 

Possible 

Practically 
impossible 

Possible 

Possible 

Possible 

Possible 

to them, Table 5 shows several important processing 

characteristics of the convection dryers considered. 

Because convection dryers are operated atmospheri­

cally, the occurrence within them of fluidized, explosive 

dust-air mixtures must be considered a possibility7 . 

12 

DryerType 

Mikron Spin-flash Belt 
dryer dryer dryer 

Possible Possible Practically 
impossible 

Possible Possible Practically 
impossible 

Practically Practically Unlikely, 
impossible impossible see@ 

Possible Possible Practically 
impossible 

Possible Possible Possible 

Possible Possible Possible 

Unlikely, Unlikely, Practically 
see® see® impossible 

When drying products wet with solvent, hybrid mix­

tures can occur. This can already be significant when 

the solvent-vapor concentration reaches approximately 

20% of the value of its lower explosion limit. Because 

there is always an explosion hazard in convection 



dryers, a table of such hazards (similar to Table 2 for 

contact dryers) is unnecessary. 

Table 6 summarizes typical ignition sources for the indi­

vidual dryers which should be taken into consideration 

in the evaluation of explosion protection measures in 

convection dryers: e.g. in the case of a mechanical 

defect in disk atomizers, the atomizing disk unit can act 

as an ignition source. 

Table 7 gives an overview of the main thermal hazards 

of the various convection dryers: 

• In the case of spray dryers, in normal operation

the thermal stress on the products is relatively low

even at high incoming air temperatures (vapor­

ization heat, cooling effect) and only of short dura­

tion, provided no caking forms on the wall and

upper part of the spray dryer. The safety measures

whose description follows relate to this normal oper­

ation without caking. Otherwise, long-term thermal

stress on the product must be assumed.

• However in fluid-bed apparatus, the products are

generally thermally stressed for a langer period of

time (up to several hours). This is also the case for

continuously operating apparatus, because expe­

rience has shown that even in a fluidized bed with

agitators, dead zones can be formed. In many

cases, electrostatic charging of the product can

also not be avoided.

3. Assessing the product
tobe dried

3.1 Product information required 
For every product to be dried, the protective measures 

to be taken must be specified before operational drying 

operations start. The foundation for the protective mea­

sures are the results of safety tests, from which the 

necessary safety notes and the limit values which must 

be observed (e.g. heating-medium temperature) as 

weil as further restrictions on the selected drying pro­

cedure are derived, or can be deduced without ambi­

guity. The tests necessary for this purpose consist on 

the one hand of basic tests which are identical for all 

products, and on the other hand of more detailed dryer­

specific tests. 

In what follows, only the tests which are necessary in 

7 In spray dryers the occurrence of explosive dust-air mixtures at
least in the lower part of the atomizer must always be considered 
a possibility. This applies even if rough calculations (solid substance 
throughput divided by air throughput) yield an average dust con­
centration which lies below the lower explosion limit of the·dusty 
product. 

8 Gentle drying (at 50- 60 °C in vacuum) is important, because other­
wise important thermal information could be lost. 

each case are stated. Scope, execution, meaningful­

ness, and application area of the tests are described 

fully in [1]. 

In the case of products which are being dried for the 

first time, before the first charge is dried, these tests 

should be performed by gently drying a laboratory sam­

ple8 and then repeated on product dried under opera­

tional conditions. 

Repeating the tests should be considered whenever: 

• There are changes in manufacturing methods, includ­

ing post-drying processing

• There are irregularities in manufacturing

• There are changes in the source or specification of

the primary materials and additives

• Production is relocated

• 5 years have elapsed since the last test, so that grad-

ually occurring changes can also be detected.

To assist in performing the tests efficiently and in a 

manner adapted to the specific problem, the following 

items of information are generally helpful: 

• Reason for testing

• ldentity of the samples (if possible with structure for-

mula[s] and data regarding their composition)

• Documentation of safety tests already performed

• Relevant physical/chemical data

• Special properties of the substance, such as toxicity,

hygroscopicity, etc.

• lndications of any suspicion of other, especially dan-

gerous, properties

• Any content of flammable solvents

• Target degree of dryness.

The documentation should also specify the drying

method(s) to be used, the type of dryer selected, and

the desired drying temperatures, and whether multi­

stage drying methods are used.

lf no desired drying temperature is specified, a rela­

tively low value for the maximum allowable tempera­

ture (with corresponding safety margin) can be deter­

mined by a simplified method. lf drying at a higher tem­

perature would be more efficient, more detailed testing 

is necessary. 

3.2 Basic tests 
• For all products to be dried, the following character­

istics which are of basic importance for safety when

drying are first determined:

• Combustion behavior (at 100 °C)

• Thermal stability:

- Testing for exothermic decomposition and/or

self-ignition/self-heating are imperative for all

products.

- The testing conditions should be appropriate for 

the envisaged drying method.

- The respective test methods, their performance,

application, and meaningfulness are described

in ESCIS Booklet 1, "Safety tests for chemicals"

[1].
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Table 8: Additional product characteristics requiring assessment for contact dryers 

Dryer8Type8

Characteristic8 Drying8 Paddle8 Nutsch8 Tray8 Thin-film8

for8Assessment8 oven8 dryer8 dryer8 dryer8 dryer8

Dust8explosion8behavior8 Not required Not required Not required Not required Required 

Minimum8ignition8energy8 Not required Not required Not required Not required Required 

lgnition8temperature8(BAM)8 Not required Not required Not required Not required Required 

Impact8sensitivity8 Not required see® Not required Not required Required 

Seif8propagating8decomposition8 Not required See 3.2 See 3.2 Not required Not required 

Heat8accumulation8in8Dewar8 See 3.2 See 3.2 See 3.2 Not required Not required 

Hot-storage8test8 See 3.2 Not required Not required Not required Not required 

® Only required for paddle dryers with beaters. 

Table 9: Additional product characteristics requiring assessment for convection dryers 

DryerType8

Characteristic8for8 Spray8 Fluid-bed8dryer8 FSD8 Mikron8 Spin-flash8 Belt8

Assessment8 dryers8 granulator8 dryer8 dryer8 dryer8 dryer8

Glow/ignition8 See® Not required See® Not required See® Not required 
temperature8® 

Dust8explosion8 Required Required Required Required Required see 4.4.1 
behavior® 

Minimum8ignition8energy8 See® Required Required See® See ® Not required 

lgnition8temperature8 Required Required Required Required Required Not required 
(BAM)8

Impact8sensitivity8 Not required Not required Not required Required Required Not required 

Heat8accumulation8 Not required See® See® Not required Not required Not required 
in8Dewar8container8

Seif8propagating8 See 3.2 See 3.2 See 3.2 See 3.2 See 3.2 See 3.2 
decomposition8

Hot-storage8test8 See 3.2 See 3.2 See 3.2 See 3.2 See 3.2 See 3.2 

® Determination of the glow temperature is only necessary if an air inflow temperature close to a distinct decomposition is desired and cak­
ing cannot be ruled out. lf the product to be processed contains a flammable liquid, the ignition temperature of the liquid must also be deter­
mined (it is generally shown in the usual tables). 

® For a first screening, testing in the modified Hartmann Rohr is sufficient. Depending on the results, additional measurements in the 20 1 
sphere may be necessary. The comments in this line relate only to the actual drying operation itself. Discharging, filtering, etc. are 
not taken into consideration ! 

® Determination of the minimum ignition energy is necessary for an assessment of electrostatic hazards in the downstream filter. 
® Power outage failure can lead to safety problems through heat accumulation conditions. 

For all substances, the quantity of gas evolved with 

complete de-gassing is specified, with indication as to 

whether the gases evolved are flammable. This infor­

mation is important for determining the possible con­

sequences of smoldering fires and decomposition 

reactions (quantities of gas, occurrence of explosive 

mixtures). 

Whether or not it is necessary to test for heat accu­

mulation or conduct a hot-storage test, must be 

decided depending on the results of the aforemen­

tioned tests for exothermy. 
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Whether or not testing for seif propagating decom­

position (formerly "deflagration") is required, is de­

cided depending on the chemical structure or the 

results of the decomposition test. Because of the 

higher temperatures when drying, this test is per­

formed at 100 °C. 

A decision as to the necessity of testing for auto­

catalytic decomposition is also made depending on 

the results of the tests for exothermy. 



3.3 Dryer-specific tests 
3.3.1 Contact dryer 
For drying in contact dryers - depending on the type of 

dryer envisaged - the product characteristics summa­

rized in Table 8 can be of significance in addition to the 

aforementioned tests. 

3.3.2 Convection dryer 
For drying in convection dryers - depending on the type 

of dryer envisaged - the product characteristics sum­

marized in Table 9 can be of significance in addition to 

the tests stated in 3.2. 

4. Recommended protective
measures

In addition to the measures listed here - which 

relate only to the drying process itself - it is 

assumed that the basic requirements for ensuring 

safety and occupational hygiene when handling 

flammable dusts and/or solvents are fulfilled. These 

also include, among others, the regulations regarding 

explosion protection in the area surrounding the appa­

ratus (division into zones) and the explosion protection 

of downstream apparatus (dust separators, filters, 

transportation containers, mixers). Experience has 

shown that the hazards of static electricity - e.g. 

through insufficiently grounded personnel - must be 

given special attention. 

Any exceptions or deviations from the measures stat­

ed below may only be made by specialists and after 

careful testing of the specific case. lf necessary, the 

opinion of external specialists must also be obtained. 

4.1 General safety measures for drying 

operations 
Periodic checks: All safety installations must be peri­

odically checked, maintained, and, where necessary, 

tested. These checks must be documented. 

Cleaning: The dryers must be checked to ensure that 

they are completely empty, and at suitable time inter­

vals (at least every time the product is changed) they 

must be checked for cleanliness (encrustation) and 

cleaned if necessary. The plant manager must specify 

the frequency of the checks and the criteria for cleanli­

ness. Consideration must also be given as to whether 

special installations or measures are required or nec­

essary to prevent large accumulations of material in the 

dryer such as, for example, caking, blockages in the dis­

charging equipment. For products which can decom­

pose autocatalytically, these measures must be given 

special attention. 

Hot discharging: lf dried product is transported hot 

into large containers (e.g. larger than 0.2 - 0.5 m3), con­

sideration must be given as to whether under the pre­

vailing conditions measures are necessary against the 

product-specific occurrence of heat- accumulation con­

ditions or against the subsequent occurrence of smol­

dering fires (e.g. quarantine storage, temperature mon­

itoring). For further information, see ESCIS Booklet 8 

"Thermal Process Safety" [5]. 

Power failure, emergency switchoff: Suitable proce­

dures must also be provided to prevent the occurrence 

of hazardous heat-accumulation situations under these 

conditions. 

4.2 Product-specific safety measures 
for drying operations 

Very fast-burning products, i.e. products with com­

bustion number 6 (at 100°C), may only be dried under 

specially defined conditions after further tests and after 

special evaluation by experts. 

Impact-sensitive products must be handled in the 

same way as those with combustion number 6. They 

must not be dried in thin-film dryers or in paddle dryers 

with beaters. Drying in micron and spin-flash dryers 

must also be avoided. 

Products capable of seif propagating decomposi­

tion where large quantities are involved must, in prin­

ciple, never be dried in paddle dryers, nutsch dryers, 

fluid-bed dryers, FSD dryers, or Mikron dryers. lf there 

are compelling reasons why this must be done never­

theless, special safety installations on the dryer, further 

tests to determine the speed of decomposition, and 

testing of means of terminating decomposition are 

required, because inerting and vacuum are ineffective 

for seif propagating decomposition. 

Solvent-wet products may normally only be dried in 

apparatus which is inerted or under vacuum. In this 

connection, attention must be paid to the general rules 

of explosion protection applying also to the area around 

the apparatus (separation into zones) and to the open 

handling of solvent-wet products (especially open 

charging of paddle dryers with solvent-wet product). 

4.3 S'pecification of temperature limits 
As is weil known, exothermic (decomposition) reac­

tions do not only start at a certain "starting tempera­

ture", but in accordance with Arrhenius' Law also take 

place at lower temperatures, though correspondingly 

more slowly. Their speed - or more precisely, the asso­

ciated rate of heat production - is designated "non-crit­

ical" if the heat produced can be removed sufficiently 

quickly for no safety-critical (i.e. self-accelerating) tem­

perature increase to occur. To determine the so-called 

"critical" or "starting temperature", the reaction­

dependent rate of heat production must be compared 

with the speed of heat removal, which depends on the 

geometry of the apparatus as weil as the properties of 

the substance and the characteristics of the surround-
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ings. Such "critical" or "starting temperatures" are

therefore never properties of the substance itself, 

but parameters specific to the individual case which 

depend greatly on the volume and geometry Qf the
apparatus in question. 

The mathematical treatment of such generally dynam­
ic processes is very complex. With certain simplifica­
tions - which for practical applications are entirely real­
istic - the critical heat production (qcrit) for non-agitated
substances in a non-insulated apparatus can be calcu­
lated according to Frank-Kamenetskii [7]. The applica­
ble formula stated in [5] is:

. t-·R-T� qcrit = Öc · -- [W kg-1]
Q•r2•Ea 

A thermal conductivity
R 8,314J mol-1 K-1 
g density 
r radius [m] 
Ea activation energy

typical values 
0,1 W m-1 K-1

1 000 kg m-3

100 000 J moI-1

(1) 

Öc is a dimensionless criticality parameter which takes
one of the following values depending on the shape in
question:

Öc = 3,32 (highest value possible) for a sphere with
radius r 

Öc = 0,88 (smallest value possible) for a layer insu­
lated on one side whose thickness r is
much less than its other two dimensions

Öc = 2,5 for a cube (where r = half the length of 
one edge) 

Öc = 2,37 for a cylinder with height = 3xradius r
Fig. 5 Critical heat production in a solid body [51 

For example, if the same product is to be transferred
hot into another container (hereafter designated with
index 1 instead of 0), for example into a 200 1 drum
instead of a 5 1 cylinder), the critical heat production in
the new container is calculated from: 

(2) 

However, according to the Arrhenius equation, the heat
production q produced by the (undesired) decomposi­
tion reaction depends on the temperature. lf q0 is
known for T0, it follows that for q 1 at temperature T 1 : 

q, (T,) = q (Tal· exp[- Ea · (2- _ 2._)� 
R T, To � (3)

For the new critical heat production qcrit, 1 derived above
(from the new container geometry), the new "critical"
temperature T 1 can be calculated which is the maxi­
mum temperature at which the product can be stored 
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without occurrence of a critical increase in tempera­
ture. However, to perform this calculation, the activa­
tion energy (E8) of the decomposition reaction in ques­
tion must be known or estimated. 
The problem when specifying temperature limits for
drying processes now becomes that of extrapolating
"starting temperatures" measured in the laboratory
with small sample quantities and in an apparatus of a
different sensitivity to practical situations. 
The practice known in industry of specifying "safety
margins" was also not only empirical (i.e. based on
actual occurrence), but was also based on scaling up
from laboratory to operational conditions in the manner
stated above. This is illustrated by the following exam­
ple from [5]:

Suppose the heat output of a decomposition to 
exceed the detection limit (sensitivity) of the experi­
ment of 500 mW kg- 1 (corresponding approximately 
to a 200 ml Dewar experiment). Under somewhat 
conservative assumptions, this value corresponds 
approximately to the critical heat production of an 
uninsulated cylindrical volume of 5 / (Formula (1) in 
Fig. 5). This means that the detection limit of our 
experiment- the ca/cu/ated "critical temperature" -

corresponds directly to the volume of a cylinder with 

a capacity of 5 /.
lf now the stability of the same substance in a 200 I 
drum is to be evaluated, a lower heat output is 
already critical. According to equation (2), for identi­
cal geometry it is inversely proportional to the square 
of the radius of the cylinder. In our case, this there­
fore results in a "thermal scale-up factor" of about 

12, a/though the critical heat output is only 
40 mWkg-1

• 

By applying equation (3), the associated (critical) tem­
perature is now determined above which the possi­

bility of a thermal explosion must be considered in 
the 200 I drum. This is illustrated in Fig. 6 (taken from 

[5]). 
For this extrapolation, the activation energy of the 
decomposition reaction in question must be known, 

but this is often not the case. Therefore, as an 
assumption, a rather lower value is used for the acti­
vation energy. Fig. 6 shows this calculation for three 
different values. The result indicates clearly that sub­

stances with a low activation energy (flat curve) 

are more hazardous in relation to heat accumula­

tion than those with a high activation energy/9 

The three selected values of 40, 70, and 100 kJ mo1-1 

result in critical temperatures for the 200 I drum of 
60, 100, and 110 °C respectively. 

However, Fig. 6 also shows clearly that the scaling-up
covered by this "safety margin" is limited. For larger
scaling-up factors, the conservatively estimated critical

9 On the other hand, substances with a high activation energy are 
sensitive to temperature fluctuations (e.g. of heating medium tem­
peratures) but less susceptible to heat accumulation hazards 111. 
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Fig. 6: Comparison of critical heat output rates in different 
volumes [5]. (The s/ope of the straight line of the 
critical heat output rate of the 200 I drum stems 
from the fact that in accordance with equation (3) 
this is also temperature-dependent under otherwise 
identical conditions.) 

temperatures - and therefore also the maximum allow­

able drying temperatures - are unrealistically low [5]. In 

this connection, [1] states: 
"Interpretation of the test results must be based on 

solid knowledge of the fundamentals of chemistry 

and physics, and the assessor must be thoroughly 

familiar with the operational conditions. Decisions 

including a factor of judgment and experience, and 

the acceptance of corresponding responsibility, are 
therefore unavoidable." 

For readers less familiar with the testing instruments, 
the detection limits of the most common testing 

arrangements for determining exothermic decomposi­

tion characteristics over the required range of sample 
sizes are summarized in Fig. 7 (taken from [101). 

Operators of drying equipment themselves will be the 

best judges of which radii and layer thicknesses r, and 

which criticality parameters Öc, are realistic for convert­

ing the test results to their operational situation using 

equation (1 ), and also of where such a conversion is not 

meaningful because of the short period spent in the 

dryer or other operational factors. 

Annex A contains an example of the procedure used for 

determining the temperature limits for drying taken 

from a chemical company in Basel. 

4.4 Additional measures for contact drying 

4.4.1 Temperature of heating medium 

Based on the measurements, the testing laboratory 

recommends a maximum allowable temperature for 

the heating medium. When doing so, it is usual to 

assume that the period of thermal exposure of the 

product to this temperature of the heating medium is 

less than two days. 
lf no desired drying temperature is specified, a rela-

tively low value for the maximum allowable tempera­

ture can be determined by a simplified testing proce­
dure involving less effort. lf a higher temperature of the 
heating medium would make drying more efficient, 

more detailed testing is necessary. 

The maximum temperature of heating medium allowed 

in the specific plant must always be adhered to and 
must be safeguarded by corresponding measures 

(including redundancy if indicated by the risk assess­

ment). 

4.4.2 Heat accumulation 

According to experience, heat accumulation conditions 

only occur relatively infrequently in normal operations 

because of the limited layer thickness and/or on 
account of the mixing that takes place during drying. 

The heat accumulation conditions which can accompa­

ny common faults (e.g. power outage) must be taken 

into consideration when specifying the maximum 

allowable temperature of the heating medium. How­

ever, more extreme heat accumulation conditions may 

occur when discharging the product (see above, and 

2.2.6 Hot discharging). 

4.4.3 Exposure to oxygen 

The testing procedure for air drying covers exposure to 

oxygen. Conditions may be permitted for vacuum dry­

ing which would be critical if air were to enter. This sit­

uation must be taken into account by correspondingly 
securing the vacuum (relief with nitrogen; possibly 
cooling before discharging). 

Detection limit [W kg-'] 
100 .----.---,---,---.------,---,----,

Lütolf 

0,0001 '-----'-----'----'---'----'-----'---' 
0.001 0,01 0,1 10 1 00 1000 10 000 

Sample quantity [g] 
Lütolf = testing for exothermy in an open container 
SEDEX = sensitive detection of exothermy 
DSC = differential scanning calorimeter 
RADEX = rapid detection of exothermy 
TZP = thermal decomposition test 
CONTALAB = name of manufacturer 
SIKAREX = safety calorimeter for explosions 
ARC = accelerating rate calorimeter 
RC 1 = reaction calorimeter 
SETARAM = name of manufacturer 
TAM = thermal activity monitor 

Fig. 7: Sensitivities of measuring apparatuses for decom­
position tests after [10]. (For fu/1 descriptions of the 
instruments and abbreviations, inc/uding names of 
manufacturers, see [5].) 
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4.4.4 Vacuum drying 

Vacuum dryers must only be heated after evacuation. 

As protection against possible overpressure resulting 

from decomposition of the product, the doors or other 

openings of vacuum dryers can be unlocked after evac­

uation and before heating. 

For products in burning class 4 or 5 which evolve per­

ceptible quantities of decomposition gases, the follow­

ing recommendations also apply: 

• The dryer should only be charged when cold. At the

end of the drying process, the vacuum should always

be broken with nitrogen.

• Vacuum dryers should only be aired and discharged

when the temperature of the dried product is lower

than the allowable temperature for air drying. lf this

is not known, the dried product should be cooled to

below 40 °C before discharging.10 

• lf the vacuum is broken, an alarm must be triggered.

When this happens, the dryer must be filled with

inert gas (either manually or automatically) and

cooled.11 

4.5 Additional measures for convection 
drying 

4.5.1 Belt dryers: a special case 

Belt dryers are a special case of convection drying in 

that there is no fluidization of the product in the actual 

drying area. In relation to safety, they are treated as dry­

ing ovens, so the only safety measures applying to 

them in addition to those stated in 4.1 are those in 4.2. 

Any fluidization of dust in the discharge area must be 

considered separately. 

4.5.2 Explosion and fire protection measures 

Convection dryers for drying flammable dusts must 

be protected against possible explosions of dust or 

hybrid mixtures by inerting, explosion venting, or 

explosion suppression according to the state of the 

art (see [8]). As a general rule, spray dryers should 

be equipped with a water-deluge system which is 

independent of the product stream. 

Any exceptions for existing apparatus which is still 

unprotected must be reviewed on a case-by-case basis 

with safety experts. 

10 The temperature of the dried product can normally only be mea­
sured after it is discharged. The time required for cooling depends, 
among other things, on the size of the apparatus, the type and 
quantity of the dried product, the residual moisture, and the tem­
perature of the heating medium. The cooling time can be deter­
mined by experiment under operational conditions. lt must then be 
noted in the process documentation. Typical empirical values for 
paddle dryers between 4 and 6 m3

: 

- After 30 min cooling time the product temperature is approxi­
mately 1/,213 of the heating medium used in °C.

- Cooling to 40-70 °C takes about 3 hours.
- Cooling to 25-30 °C can take more than 4 hours.

11 lf in the case of a power outage, for example, effective cooling is 
no longer possible, switching over to cooling at least turns off the 
heating. 
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In the case of disk atomizers, to avoid faults in the 

atomizing unit, it is advisable to consider additional 

measures such as monitoring for vibration, out-of-bal­

ance, and bearing temperature, as weil as increased 

protection against penetration of lubricating or 

hydraulic oil into the atomizer. 

lf convection dryers are used for products which may 

generate decomposition gases (see 3.2), they may only 

be operated with fresh air and not with recirculated air. 

lf they are operated with inert gas, the inert gas may be 

recirculated. 

4.5.3 Maximum temperature of surfaces 

and inflowing air 

At no point in the dryer may temperatures occur which 

are as high as the ignition temperature of the fluidized 

dry dust. This applies even to sources of heat which are 

only temporarily present (e.g. handheld lamps at obser­

vation windows). lf the product to be processed con­

tains a flammable liquid, or if flammable gas may be 

evolved, the temperature must also not be allowed to 

attain their ignition temperatures. 

4.5.4 Avoiding heat-accumulation situations 

(for general notes, see 4.3) 

Convection dryers must be connected in such a way 

that when the heating is switched off, the fan contin­

ues to run for a sufficiently long time to prevent occur­

rence of a heat-accumulation situation. lf the fan fails, 

the heating must switch off automatically and an alarm 

must be triggered. lf necessary, additional measures to 

prevent heat accumulation must also be triggered auto­

matically. In each individual case an assessment 

must be made as to the necessity of providing spe­

cial measures for when power outages occur. 

4.5.5 Temperature limits for spray drying 

The temperature limits stated here relate to normal 

operation of the dryer without caking. Each installa­

tion must therefore be assessed for the necessity of 

providing special equipment (such as observation win­

dows, level sensors, fluidization, vibrators, etc.) to pre­

vent !arge amounts of material building up in the dryer 

- e.g. heavy deposits on the sides and top, blockages

in the discharging equipment.

The air inlet temperature (gas inlet temperature if oper­

ated with inert gas) is therefore selected taking into

account the decomposition temperature (product qual­

ity) determined in the test for exothermy in air (inert

gas). However, if deposits on the sides are a possibili­

ty, the maximum allowable inlet temperature must be

determined according to the procedure described in

4.3.

To take account of the thermal stress of the (some­

times desirable) hold-up in the discharger, the maxi­

mum allowable air outlet temperature is specified as

described above, but now based on the 24-hour hot­

storage test.



However, the temperature must not be allowed to 

reach the maximum temperatures specified in 4.5.3. 

lf it is necessary to open a spray dryer, (e.g. for inspec­

tion purposes) in which a product is being processed 

whose dust-air mixture has a low minimum ignition 

energy, this must be done with great care because it 

may cause additional fluidization in the presence of 

smoldering agglomerates. As a minimum measure, 

cooling to below 40 °C is recommended, but the pro­

cedure for ensuring that sufficient cooling takes place 

must be specified before doing so. In addition, techni­

cal explosion protection devices (including monitoring 

the oxygen concentration in inerted apparatus and 

automatically initiated protective measures) should 

only be made ineffective after cooling to room temper­

ature has taken place. lt is also recommended; if con­

ditions permit, thoroughly to dampen the product 

remaining in the apparatus with cold water before 

opening the apparatus or switching off the safety 

devices. 

4.5.6 Temperature limits for fluid-bed processes 

The method described in 4.3 can be applied here to 

determine the critical temperature of deposits on the 

walls. However, if the method is applied to heat-accu­

mulation in the settled fluidized bed (caused, for exam­

ple, by fan failure) it yields impracticably low drying 

temperatures. For this reason, the following procedure 

has proven itself in practice: By means of tests for 

exothermy in the presence of a fresh air supply, and a 

24-hour hot-storage test, the lowest temperature is

determined at which exothermy can still be observed.

(For inerted apparatuses the test is repeated in a mix­

ture of 92 % N2 and 8 % 02.) The maximum allowable

air-inlet temperature is then specified so that in the 24-

hour hot-storage test no exothermy occurs. (lt should

normally be below the melting point or melting range

of the product). However, the maximum temperatures

specified in 4.5.3 must not be reached.

lt is advisable to keep the surface temperature of the

air heating elements as low as possible and to provide

the heating by means of a heat-transfer medium

(steam, hot water, etc.). lf electrical-resistance heating

is used, the heating elements should not be located in

the apparatus itself, but at some distance from the

sieve bottom. lt is also advisable to build in a metallic

air filter between the heating unit and the product room

to prevent the transportation of hot particles (e.g. rust).

4.6 Considerations relating to integrated 

drying methods 
lntegrated drying processes generally combine two 

stages of convection drying: a spray-drying stage and a 

fluid-bed stage. The safety measures necessary are 

those given by the respective criteria for convection 

dryers. 

4.6.1 Explosion protection measures 

Installations of integrated drying processes for drying 

flammable dusts must be protected according to the 

state of the art by inerting, explosion venting, or explo­

sion suppression (see [8]) against possible dust explo­

sions or explosions of hybrid mixtures. They should 

also be equipped with a water-deluge system which is 

independent of the product flow. 

4.6.2 Temperature limits 

Two temperature limit values are determined: the max­

imum allowable temperature of the air leaving the 

spray-drying stage (see 4.5.5) and the maximum allow­

able temperature of the air entering the fluid-bed stage 

(see 4.5.6). The lower of the two values is taken as the 

maximum allowable air temperature both for entry to 

the fluid-bed stage and for leaving the spray-dry­

ing stage. The temperature should not be higher than 

150 °C. 

Within the limits stated in 4.5.3 and 4.5.5, the temper­

ature of the air entering the spray-drying stage may be 

freely selected. 

4.7 Considerations relating to drying with 
integrated grinding and mixing 
operations 

In pulverizer and spin-flash dryers, convection drying, 

size reduction, and size classification operations are 

integrated into a single processing stage. At high tem­

peratures, the drying-related thermal stress is 

increased by the additional mechanical stress. 

For processing flammable products in these dryers, the 

measures stated in 4.1 and 4.5 must be fulfilled com­

pletely. The exceptions stated as possibilities in 4.5.2 

are not allowed here. 

lf the product to be dried contains a flammable liquid, 

non-inerted dryers must be operated in such a way that 

the average concentration of flammable vapors in the 

air stream does not exceed 20 % of the lower explosion 

limit of the solvent. As already mentioned, at a tem­

perature of approximately 30 °C below the flashpoint 

this is mathematically the case. 

The temperature of the air on entering can be selected 

taking into account the decomposition temperature 

determined in the laboratory and the melting point. (As 

a rule, the maximum temperature of the outflowing air 

should not exceed 150 °C). 

4.8 Considerations relating to drying 
integrated with other basic operations 

The safety measures necessary for processes in which 

drying is performed in parallel with other basic physical 

operations must be determined for each separate case. 

When doing so, as weil consulting the responsible 

safety specialists it may also be necessary to involve 

other experts. 
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5. Terms and definitions

Burning number 

The result of the combustion test is expressed by the 

allocation of a burning number (the burning number of 

common salt is 1, gunpowder 6). 

Combustion behavior 

The combustion behavior describes the appearance 

(and speed of propagation) of a fire in a dust layer [1 l. 

[13]. 

Conductive / non-conductive 

In the context of static electricity, liquids whose spe­

cific resistance is less than 108 n • m are defined as 

conductive, whereas those with a higher specific resis­

tance are defined as non-conductive. 

For dusts/powders the respective limit is 1010 n · m. 

Solid bodies are defined as conductive if their specific

resistance is less than 106 n • m and as insulating if the

respective value is higher than 1011 
n · m; if the respec­

tive value lies between these two limits, they are

described as "dissipative".

Deflagration 

An explosion which propagates at less than the speed 

of sound (ISO 8421-1, 1987-03-01 ;1.11) [13]. 

Spontaneous decomposition also refers to the com­

bustion of an explosive substance in open air without 

detonation [14]. See also footnote 6. 

Detonation 

Explosion which propagates faster than the speed of 

sound, characterized by a shock wave (ISO 8421-1; 

1987-03-01, 1.13) [13]. 

Exothermic decomposition 

A reaction which occurs in the absence of atmospher­

ic oxygen which can cause spontaneous heating and, if 

accompanied by the release of gas in an enclosed appa­

ratus, can cause an increase in pressure (volume­

dependent) [12]. 

Explosion 

Process of rapid combustion with perceptible increase 

in pressure [12]. 

Sudden reaction involving oxidation or decomposition 

and an increase of temperature or pressure, or both 

concurrently [13]. 

Explosion point, upper/lower 

The temperature of a flammable liquid at which the 

concentration of the saturated vapor in air is also the 

upper/lower explosive limit [13]. 

Explosive atmosphere 

A mixture of air and flammable gases, vapors, mists, or 

dusts under atmospheric conditions in which the com­

bustion process, once ignited, spreads to the entire 

unburnt mixture [13]. 
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Flashpoint 

The flashpoint is the lowest temperature - at a pres­

sure of 1013 mbar - at which under defined conditions 

vapor is evolved by the product being tested in such 

quantity as to form a mixture of vapor and air capable 

of ignition by an external ignition source [1]. 

Glow temperature 

The lowest temperature of a hot exposed surface at 

which dust deposited on the surface in a 5-mm-thick 

layer is ignited within 2 hours [12]. 

Hazardous explosive atmosphere 

An explosive atmosphere which causes damage if it 

explodes [13]. 

Heat accumulation 

The occurrence in practice of a hazardous accumulation 

of heat depends on the ratio of heat dissipation to heat 

production (from the decomposition reaction). As long 

as the heat dissipation capacity under working condi­

tions (storage conditions) is greater than the rate at 

which heat is produced, no hazardous situation arises. 

However, if the energy released by exothermic decom­

position cannot be dissipated, self-heating occurs 

which causes the decomposition reaction to be accel­

erated to the maximum heat production rate. This may 

result in a thermal explosion. 

Hybrid mixture 

A mixture of air and combustible materials in different 
states of aggregation [13]. 

lgnition temperature 

The ignition temperature is the lowest temperature of 
a hot surface on which a flammable liquid just ignites, 

or which ignites fluidized dust with which it comes into 

contact [1 ]. 

Limiting oxygen concentration 

The maximum concentration of oxygen in a mixture of 

a flammable substance with air and inert gas at which 

no explosion occurs, determined under specified 

experimental conditions [ 13]. 

Minimum ignition energy 

The lowest value of electrical energy stored in a capac­

itor which when discharged by varying the parameters 

of the discharge circuit just suffices to ignite the most 

ignitable mixture of dust and air at atmospheric pres­

sure and room temperature [12]. 

Minimum ignition temperature of an 

explosive atmosphere 

The ignition temperature of a flammable gas or of the 

vapor of a flammable liquid, or the minimum ignition 

temperature of a dust cloud, in each case under pre­

scribed test conditions [13]. 



Self-ignition 

A process in which a layer of dust heated from all direc­

tions in the presence of air heats spontaneously and 

then ignites (volume-dependent) [12], [1]. 

Self-ignition temperature 

The temperature of the environment (storage temper­

ature) at which spontaneous oxidative heating and then 

self-ignition occurs. 

Seif propagating decomposition 

Seif propagating decomposition (formerly known as 

"deflagration") is a decomposition reaction initiated 

locally by an external ignition source which in contrast 

to combustion propagates autonomously even in the 

absence of atmospheric oxygen, the rate of propaga­

tion never exceeding the speed of sound. 
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ANNEX A 

Examples of proven practical proce­
dures for specifying temperature 
limits 

The procedure described below is taken from the inter­

nal regulations of a chemical company in Basel, 

Switzerland. lt shows one possible way of implement­

ing the recommendations of this booklet in practice. 

A 1 Contact drying 

A 1.1 Drying in a vacuum or under inert gas 

Basic testing (screening) 

By means of isoperibole testing for exothermic 

decomposition in an open container (after Lütolf, see 

[1]) starting at 270 °C and then at decreasing tempera­

ture intervals of 10 °C, the limit temperature is deter­

mined at which for 8 hours the substance just displays 

no overheating (and no endothermic behavior). 

A temperature 100 °C below this limit temperature is 

proposed as the highest allowable temperature for the 

heating medium. (The safety margin of 100 °C is based 

on the experience that when testing for heat accumu­

lation in a Dewar container (see [1 ]), decomposition 

may be observed down to 100° C below this limit tem­

perature.) However, the temperature should not 

exceed 170 °C (see 4.3.1) and should be safeguarded 

at 10 °C below the melting point of the substance being 

tested. 

lf this value is not acceptable for operational purposes, 

more detailed testing is performed. 

Detailed testing 

By means of heat-accumulation tests in a Dewar 

container at decreasing temperature intervals of 10 °C 

(starting, for example, 50 °C below the limit tempera­

ture determined above, but not higher than 180 °C), the 

temperature is now determined at which the tempera­

ture rise (in the case of an exothermic process) is less 

than 5 °C (and no endothermic decomposition is 

observed). The measuring period for this experiment 

should last at least three days. (lf during this period a 

rise in temperature is observed, measurement is con­

tinued until the peak is passed.) 

lf at 10 °C above the temperature now determined 

there is overheating of more than 10 °C, or if reaction 

mass appears, a value 10 °C below this temperature is 
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proposed for the maximum allowable temperature for 

the heating medium. Otherwise, this temperature itself 

is the highest allowable temperature for the heating 

medium. 

lf the temperature of the heating medium desired for 

operational purposes is higher than the value of 170 °C 

stated in 4.2.1, the testing temperatures are increased 

by the amount of the difference. 

A 1.2 Air drying 

Basic testing (screening) 

Temperature-programmed testing for exothermic 

decomposition in an air current (after Grewer, see 

[1]) is performed up to 270 °C. 

(lf a signal is detected during testing in the range up to 

50 °C above the limit temperature determined for vacu­

um drying, this must be stated in the test report if an 

assessment was ordered only for vacuum drying. 

Attention must be drawn to the hazard of air entering, 

and the need for additional testing for air drying must 

be stated.) 

A temperature 110 °C below the decomposition tem­

perature determined by testing for exothermic decom­

position in air is proposed as the highest allowable tem­

perature for the heating medium. 

lf this value is not acceptable for operational purposes, 

more detailed testing must be performed. 

Detailed testing 

By means of a hot-storage test in a 400 ml wire bas­

ket (starting, for example, 50 °C below this tempera­

ture, but not higher than 180 °C), at decreasing tem­

perature intervals of 10 °C the basket limit temperature 

is now determined at which the temperature rise (in the 

case of an exothermic process) is less than 5 °C (and 

no endothermic decomposition is observed). The mea­

suring period at the limit temperature should last at 

least 24 hours (and if necessary, until the peak temper­

ature is passed). 

lf the overheating observed in the test at 10 °C above 

the basket limit temperature is more than 50 °C, the 

maximum temperature for the heating medium should 

not exceed a value of 10 °C below the basket limit tem­

perature; otherwise, it should not exceed the basket 

limit temperature. 

For certain products, experience has shown that the 

decomposition test under low-oxygen conditions in the 

Dewar container yields a lower limit temperature than 

the basket test. For this reason, the test for heat accu-
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mulation in the Dewar container described above is 

performed in addition. The lower of the two tempera­

tures is taken as the highest allowable temperature for 

the heating medium. 

A2 Convection drying 

The temperature limits that follow are for normal non­

caking operation of convection dryers for drying_ flam­

mable dusts which are protected by inerting according 

to the state-of the art, and by explosion venting or 

explosion suppression against possible explosions of 

dust or hybrid mixtures. 

A2.1 Spray drying 

lnflowing air temperature 

The temperatures of the inflowing air can be selected 

by the plant manager, but they must be safeguarded 

below the ignition temperature of the fluidized dry dust 

or the flammable liquid contained in it. 

Outflowing air temperature 

Simplified method (screening) 

Temperature-programmed testing for exothermic 

decomposition in the air current (after Grewer, see 

[1]) is performed. A temperature 60 °C below the tem­

perature determined in this manner for the first 

exothermy is proposed for the maximum temperature 

of the air outflowing air. However, this temperature 

should not exceed 150 °C (from experience). 

The test report must draw attention to the fact that this 

value was determined by a simplified testing method, 

and that more detailed tests may yield a higher tem­

perature for the outgoing air. 

lf the value obtained is not acceptable for operational 

purposes, a more detailed test is performed. 

Detailed testing 

By means of hot-storage test in a 400 ml wire basket 

at decreasing temperature intervals of 10 °C, the bas­

ket limit temperature is determined at which the tem­

perature rise (in the case of an exothermic process) is 

less than 5 °C (and no endothermic decomposition is 

observed). The measuring period at the limit tempera­

ture should be at least 24 hours (and if necessary, con­

tinue until the peak temperature is passed). 

lf the overheating observed in the test at 10 °C above 

the basket limit temperature is more than 50 °C, the 

maximum temperature for the outflowing air should 

not exceed a value of 10 °C below the basket limit tem­

perature, and otherwise should not exceed the basket 

limit temperature. 

A2.2 Fluid-bed drying 

Simplified method (screening) 

Temperature-programmed testing for exothermic 

decomposition in the air current (after Grewer, see 

[1]) is performed. A temperature 110 °C below the tem­

perature determined in this manner for the first 

exothermy is proposed for the maximum temperature 

of the inflowing air. 

The test report draws attention to the fact that this 

value was determined with a simplified testing method 

and more detailed tests may yield a higher temperature 

for the inflowing air. 

lf the value obtained is not acceptable for operational 

purposes, a more detailed test must be performed. 

Detailed testing 

By means of hot-storage test in a 400 ml wire basket 

at decreasing temperature intervals of 10 °C, the bas­

ket limit temperature is determined at which the tem­

perature rise (in the case of an exothermic process) is 

less than 5 °C (and no endothermic decomposition is 

observed). The measuring period at the limit tempera­

ture should be at least 24 hours (and if necessary, con­

tinue until the peak temperature is passed). 

lf the overheating observed in the test at 10 °C above 

the basket limit temperature is more than 50 °C, the 

maximum temperature for the inflowing air should not 

exceed a value of 10 °C below the basket limit tem­

perature, and otherwise should not exceed the basket 

limit temperature. 
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Extracts from the 1985 edition 

of ESCIS Booklet 6, 

"Drying Solids in Drying Ovens in Air 
or Vacuum, or in Paddle Dryers": 

Safety assessment of the product 
tobe dried 
Protective measures on dryers 
Tests for assessment of the product 
tobe dried 
Safety classes for drying (SCD) 

3. Assessing the substance to be dried12

3.1. Basic principles 
For each product to be dried, the __protective measures to 
be taken must be determined before the respective dry­
ing operations are started in the production environ­
ment. The criteria for the protective measures to be 
taken are a number of tests in relation to specific prop­
erties which are applied to the products. The tests of spe­
cific properties are divided into two categories: basic 
tests and supplementary tests. Tue test results are sum­
marized in a test report. 

4. Assessment of the pfoduct to be dried
and assignment to a safety dass

The criteria for determining whether, and under what 
conditions, a product may be dried in a drying-chamber 
in air or vacuum, or in a paddle qryer, are the maximum 

-�llowable tc::mperature of the heating medium and the
safety class of the product for drying purposes.

4.1 Temperature of the heating medium 
Based on the test results, the procedure described in the 

Annex can be used to determine the maximum allow­
able temperature of the heating medium for drying in air 
or under low-oxygen cunditions. 

If the request for testing does not specify a desired 
temperature for the heating medium, a relatively low 
maximum allowable temperature can be specified after 
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a simplified testing procedure and correspondingly 
noted in the test report. If a higher temperature for the 
heating medium is required by the production depart­
ment because it would, for example, increase the effi­
ciency of the drying process, they should then request a 
more detailed assessment (which also involves greater 
effort).See also the preliminary remark in the appendix. 

4.2 Assignment of products to safety classes 
for drying (SCD) 

Depending on the results of the basic tests, products are 
assigned to one of three safety classes for drying (see 
Table 1). The three classes are: 

SCD 0: A product is assigned to SCD O if all five crite­

ria for this class·shown in Table 1 are fulfilled. 
SCD 1: A prQduct is assigned to SCD 1 if at least one 

of the criteria of-SCD O is exceeded but non of the crite­
ria of SCD 2 is fulfilled. 

SCD 2: A product is assigned to SCD 2 if it fulfils at 
least orte of the three criteria for this class. 

; Safety Class , SCD0 SCDl SCD2 
Criterion 

.·, 

Burning test at 100 °C in air Max. 3 4or 5 6 

(buming number) 

Seif propagating decomposition Negative Negative Positive 

test at 100 •c (see footnote13) 

Impact sensitivity (for paddle- Negative Negative Positive 
dryers with beaters only) 

Test for volume of decomposition Max.10 > 10

gases up to 220 °C [I kg-1) 
., 

Content of ßammable solvent Max.0.1% >0.1%

before drying,(o/t by weight) 

Table"J: A�signment of products to protection classes 

12 For companies which only carry out such tests relatively infrequent­
Jy and therefore do not wish to acquire the necessary equipment, 
Suva, Section Che;mistry, CH-6002 Lucerne, is willing on request to 
provide contacts with companies which perform such tests on a fee­
paying basis. 

1� Tue expression "Seif propagating decomposition", formerly known
as "deflagration", is interpreted in various different ways. Within the 
scope of this booklet, the following definition applies: Seif propa­
gating decomposition is decomposition initiated locally by an exter­
nal ignition source which in contrast to combustion propagates 
autonomously even in the absence of atmospheric oxygen, the rate 
of propagation never exceeding the speed of sound. 
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5. Drying conditions and protective measures

5.1 Signiticance of the drying-medium 
temperature 

Irrespective of the safety class to which the product is 
assigned, care must be taken to ensure that the maxi­
mum allowable temperature for the heating medium 
determined in the tests is never exceeded. Wherever pos­
sible, this must be safeguarded by technical measures. 
For critical products it is advisable to monitor and record 
the temperature of the heating medium as a function ·of 
time. 

5.2 General measures 
After evacuation and before heating of vacuum dryers, 
as a precaution against possible overpressure resulting 
from decomposition of the product, it is advisaqle to 
unlock the doors or other openings of the dryer, and pos­
sibly to seal the workroom. This is unnecessary if the 
apparatus is equipped with constructional protective 
measures ( e.g. a sufficiently large bursting disk), or if a 
paddle dryer is being used for solvent recovery ( distilla­
tion). 

If dried product is filled into metal containers, the con­
tainers must be grounded. 

lt is seif-evident that adherence to the principles of 
Good Manufacturing Practice (GMP) also contributes 
to increas1ng the safety of drying operations: 
- Workplace regulations and product-specific informa­

tion must be present at the workplace.
- Tue dryer must be regularly and sufficiently cleaned;

paddle dryers must be specially checked for noticeable
encrustation. lt is the responsibility of the plant man­
ager to specify the frequency of the checks, the criteria
for cleanliness, and the cleaning methods to be used.In
the case of thermally sensitive products, consultation
with the testing department regarding inspection and
cleaning intervals may be advisable with respect to the
long-term thermal exposure of product residues,

5.3 SCD O products · 
Products in SCD 0 have only a low hazard potential. 
Adherence to the general measures stated in 5.2 and the 
maximum allowable temperature determined for the 
heating medium are sufficient to ensure safe drying. 
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5.4 SCD 1 products: additional measures 
Vacuum dryers shall not be heated before they have 
been evacuated. In exceptional cases, for example with 
strongly foaming (but solvent-free) products, pre-heat­
ing of a drying chamber or paddle dryer may be per-

· formed with the door/cover slightly open, but only up to
a maximum of 80 °C (heating-medium temperature) and
only if the combustion number of the product at 100 °C
is not higher than 3.

At the end of the drying process, the vacuum must
always be. relieved with inert gas. Vacuum dryers may
only be aired and unloaded when the temperature of the
dried product is below the allowable temperature-for air
drying. In .exceptional cases where this temperature is
not known, it is advisable to cool the dried product fo
below 40 °C before discharging it.14 

· 1

.Breaking of the vacuum - for example as a result of a
power outage or a.fflult in the vacuum generatirrg equip.­
ment - must be indicated by an alarm. The dryer must be
immediately flooded with1 inert gas (manually or auto-
matically) and cooled.15 

When drying products which contain flammable sol­
vent (more than 0.1 % by weight), or which generate
decomposition gases, the regulations regarding separa­
tion into hazardous zones must be observed (SEV 3307,
1983, and Suva, Form 2153).

Air dryers for products containing solvent (more than
0.1 % by weight) should preferably be operated with
fresh air, not recirculated air. If operation with recircu­
lated air is necessary for economic reasons, the quantity
of air must be so regulated as to ensure with certainty
that the concentration of flammable gases or vapors at
the outlet of the dryer does not exceed 50 % of the lower
explosion limit ( cf. Suva, Form 1733).

Dryers for products containing solvents (more than 
0.1 % by weight) shall only be charged-when cold and 
only be heated after they have been closed and evacuat-
,ed. 

. 

The open charging of paddle dryers with solvent-wet 
product (more than 0.1 % by weight) at a temperature 
which is not at least 5 °C below the flashpoint of the sol­
vent is not recommended because of the ignition hazard 
from static electricity. 

14 The temperature of the dried product can normally only be mea­
sured when it is discharged. The time required for cooling depends 
among other things on the size of the apparatus, type and quantity 
of the dried product, residual moisture, and temperature of the heat­
ing medium. The cooling time can be determined in the plant by tri­
als. It should then be noted in the process documentation. Typical 
empirical values for paddle dryers in the range 4 to 6 m3 are: 
- After 30 minutes cooling time, the product temperature is approx­

imately ½ to ¾ of the temperature in °C used for the heating medi­
um. 

- Cooling to 40-70 °C takes about 3 hours.
- Cooling to 25-30 °C can take more than 4 hours.

u If, for example, a power outage makes further effective cooling
impossible, when changing over to cooling at least the heating is 
switched off. 
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Annex B 

5.5 SCD 2 products 
Products in SCD 2 are potentially very hazardous 
because they 
- have highly hazardous combustion properties
- have a tendency to self propagating decomposition

(see footnote 2 p. 24)
- are impact-sensitive.
Tue test and assessment procedure described in the
Annex is inadequate to determine safe drying conditions
for these products. Further tests and a special evaluation
of the test results in the light of the envisaged drying con­
ditions are necessary to decide whether, and under what
conditions, drying can be allowed.
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Expert Commission for Safety in the Swiss Chemical lndustry (ESCIS) 

Tasks and Aims 

ESCIS promotes safety in the chemical industry. lts 

members are individuals with responsibilities for safe­

ty in companies in the chemical industry, the Swiss 

National Accident lnsurance Fund (Suva), the Swiss 

Federal Labor lnspectorate, and other professional 

organizations, who are in a position to further the inter­

ests of safety and in particular, safety training. All mem­

bers of ESCIS are elected personally based on their 

qualifications and experience. ESCIS endeavors to rec­

ognize current safety problems and fundamental safe­

ty aspects of particular importance at an early stage, 

and to initiate and promote their treatment by special­

ists or working parties. The aim is to minimize risks by 

suitable measures, and by continuously extending and 

improving the methods and instruments used to iden­

tify risks. 

In collaboration with the responsible authorities and 

institutions, ESCIS strives for meaningful interpreta­

tions and practical solutions within the framework of 

legislation and other official regulations. lt is at the ser­

vice of such bodies for the preparation of guidelines 

and the establishment of legal bases. 

In situations where legal bases or recognized guide­

lines for industrial safety problems are lacking, ESCIS 

attempts to derive practicable recommendations based 

on practical experience and the findings of working par­

ties. 

Findings and working party results arising from ESCIS 

activities are published in appropriate form. These pub­

lications are of an advisory nature: decisions regarding 

their applicability are the sole responsibility of the end 

user. 

ESCIS promotes safety training at educational institu­

tions. lt endeavors to integrate safety interests on a 

broad basis into scientific and technical education, and 

hence into curricula and examinations. lt makes an 

active contribution to such training through courses, 

factory visits, technical lectures, and publications. 

lndividuals and institutions making outstanding contri­

butions to safety in chemical technology may be 

awarded the ESCIS prize for chemical safety. 

The activities of ESCIS are financed primarily by 

income from the sale of its publications. 

January 1998 

Members Dr G. Acklin, Novartis International AG, Basel (Chairman) 

of the Expert Commission for 
Safety in the Swiss Chemical 
lndustry 

Mitglieder 
der Expertenkommission 
für Sicherheit in der Chemischen 
Industrie der Schweiz (ESCIS) 

Commission des Experts 
pour la Securite dans !'Industrie 
Chimique en Suisse 

Dr J. Baechtiger, Swiss Federal Labor lnspectorate, Lausanne 

Dr Ch. Favez, Firmenich SA, La Plaine 

Dr W. Funk, Koordinationsstelle für Störfallvorsorge, Zurich 
Prof. Dr K. Hungerbühler, ETH, Zurich 
Dr St. Mischler, Lonza AG, Visp 

Dr R. J. Ott, Suva, Lucerne (Commission Officer) 
Dr A. Roesle, F. Hoffmann-La Rache AG, Basel (Commission Officer) 

Prof. Dr Ph. Rudolf von Rohr, ETH, Zurich 
Dr H. J. Rüegg, Sicherheitsinstitut, Zurich 

A. Schaerli, Basel (Honorary Member)

K. Strässle, Zurich Financial Services, Zurich

lnquiries concerning this publication should be addressed to: 

Dr R. J. Ott, Bereich Chemie, Abt. Arbeitssicherheit, Suva, 

Postfach, 6002 Lucerne 

(e-mail roland.ott@suva.ch) 
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Booklets published to date in the ESCIS SAFETY series: 

Nr. 1 Sicherheitstests für Chemikalien, 1998, 4., überarbeitete Auflage 

N° 1 Tests de securite pour produits chimiques, 1985 

Nr. 2 Statische Elektrizität 

Regeln für die betriebliche Sicherheit, 1997, 4. Auflage (unveränderter Nachdruck der 3. Auflage) 

No. 2 Static Electricity 

Rules for Plant Safety, 1988 

Nr. 3 lnertisierung 

Methoden und Mittel zum Vermeiden zündfähiger Stoff-Luft-Gemische in chemischen 

Produktionsapparaturen und -anlagen, 1992, 2., überarbeitete Auflage 

No. 3 lnerting 

Methods and Measures for the Avoidance of lgnitable Substance-Air Mixtures 

in Chemical Production Equipment and Plants, 1994, translation of 2nd, revised German edition 

Nr. 4 Einführung in die Risikoanalyse 

Systematik und Methoden, 1996, 3., überarbeitete Auflage 

N° 4 lntroduction a l'analyse des risques 

Systematique et methodes, 1981 

No. 4 lntroduction to Risk Analysis 

Approaches and Methods, 1998, translation of 3rd, revised German edition 

N° 4 lntrodu�äo a Analise de risco 

Sistematica e Metodos, versäo brasileira, 1997 

Nr. 5 Mahlen brennbarere Feststoffe 

Sicherheitsbeurteilung des Mahlgutes, Schutzmassnahmen an Mahlanlagen, 

1993, 3., überarbeitete Auflage 

N° 5 Broyage des substances combustibles 

Evaluation de securite des substances a broyer. Mesures de protection des installations de broyage. 

Tests de contr6Ie des substances a broyer, 1987. 

No. 5 Milling of Combustible Solids 

Safety Evaluation of the Feed Material, Protective Measures with Mills, 1994, 

translation of 3rd, revised German edition 

N° 5 Moagem de substäncias combustiveis 

Avalia9äo de seguran9a sobre o material a ser mofdo, Medidas de prote9äo aplicadas a instala9öes 

de moagem, versäo brasileira, 1997 

Nr. 6 Trocknen von Feststoffen, 2001, 2., vollständig überarbeitete Auflage 

No. 6 Drying of Solids, 2003, translation of 2nd, revised German edition 

Nr. 7 Brandschutz an Lüftungs- und Klimaanlagen 

in Laborbauten und Betrieben der chemischen Industrie, 1990, 2., unveränderte Auflage 
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Nr. 8 Thermische Prozess-Sicherheit 

Daten, Beurteilungskriterien, Massnahmen, 1989, 2. Auflage 

N° 8 Securite thermique des procedes chimiques 

Donnees, criteres de jugement, mesures, 1991 

No. 8 Thermal Process Safety 

Data, Assessment Criteria, Measures, 1993 

Nr. 9 Behelf für die Durchführung von Sicherheitsprüfungen (Safety Audits) 

Grundsätze, Systematik, Methodik, Stichworte, 1991 

Nr. 10 Risikoanalyse im Zusammenhang mit der Störfallverordnung (StFV) 

Behelf zur Erstellung von Kurzberichten und Risikoermittlung für Betriebe mit Stoffen, 

Erzeugnissen und Sonderabfällen, 1991 

Nr. 11 Behelf zur Ermittlung der Erdbebensicherheit von Bauten und Anlagen der chemischen 

Industrie 

Umsetzung der Norm SIA 160, Beurteilungskriterien, Schutzbedarf, 1994 

Nr. 12 Schutz gegen Stoffaustritt 

als Folge notfallmässiger Druckentlastung, 1996 

Nr. 13 Arbeitshygiene 

Beurteilung des Gesundheitsrisikos am Arbeitsplatz, 1999 

ESCIS TUTORIALS (computer-aided teaching aids) published to date: 

Thermal Safety Tutorial, Version 1.0, 1997 

Statische Elektrizität Tutorial, Version 1.1 d, 2000 

Static Electricity Tutorial, Version 1.2e, 2002 

Special brochures published to date in the ESCIS SAFETV series: 

Wegleitung für den Brandschutz und die Brandbekämpfung in Freilufttankanlagen 

im Inneren von Fabrikarealen der chemischen Industrie, 1990 

Wegleitung: Raumlüftung in Stückgutlagern für Chemikalien, 1991 

29 



ESCIS VIDEOS 

Explosionsschutz, 1998 

Video Part 1 

Video Part 2 

Video Part 3 

Video Part 4 

Risikoanalyse und sicherheitstechnische Kenngrössen 

Vorbeugender Explosionsschutz 

Konstruktiver Explosionsschutz 

Risiken und Schutzmassnahmen, Kurzpräsentation der Videos 1-3 

Explosion Protection, 1998 

Video Part 1 Risk analysis and safety characteristics 

Video Part 2 

Video Part 3 

Video Part 4 

Preventive explosion protection 

Constructional explosion protection 

Risks and protective measures, brief presentation of videos 1-3 

Proteccion contra Explosiones, 2001 

Video Parte 1 Analisis de riesgos y caracterfsticas de seguridad 

Video Parte 2 Protecci6n preventiva contra explosiones 

Video Parte 3 Protecci6n constructiva contra explosiones 

Video Parte 4 Breve presentaci6n de los videos 1 a 3 

Prote1,äo contra Explosöes, 1999 

Video Parte 4 Apresentagäo sumaria das vfdeos 1-3 
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Bulletins published to date by ESCIS 

Nr. Der einfache Fehler, Februar 1994 

N° La simple taute, fevrier 1994 

Nr. 2 Transportsicherheit, Juni 1995 

N° 2 Securite des transports, juin 1995 

Nr. 3 Routine - eine Gefahr?, November 1995 

N° 3 La routine - un danger?, novembre 1996 

Nr. 4 Schlauchleitungen/-verbindungen, August 1997 

N° 4 Conduites flexibles et leurs raccordements, septembre 1997 

Nr. 5 Prozessleitsysteme und Ereignisse: 

Zur Sicherheit von computergesteuerten Anlagen, August 1998 

N° 5 Systemes de conduite de procede et evenements: 

De la securite des installations conduites par ordinateur, aoüt 1998 

No. 5 Process Computers and lncidents: 

Reflexions on the safety of computer controlled plant, August, 1998 

Nr. 6 Chemikalienlager, Mai 1999 

No. 6 Warehouses for Chemicals, May 1999 

Nr. 7 Schadenereignisse in Ventilationssystemen, Juni 2000 

No. 7 Fires/Losses in Ventilator Systems, June 2000 

Nr. 8 Immer wieder die gleichen Ursachen, Juni 2002 

No. 8 The causes are always the same, June 2002 

Copies of the above publications can be obtained from 

Dr. R. J. Ott, Bereich Chemie, Abteilung Arbeitssicherheit, Suva, Postfach, 

CH-6002 Lucerne, Switzer land 

Telephone +41 41 419 53 31, Fax +41 41 419 52 04, e-mail roland.ott@suva.ch 
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