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WHAT 

TO DETECT

THE DESIGN 

FLOW DOWN

WHERE

TO DETECT
HOW

TO DETECT

-Flammable gas

-Toxic gas

-Refrigerant gas

-Oxygen

Area: classified/safe

Environmental 

conditions

ESR & IP

Norms

-Sensor choice 

-Transmission:

4-20mA

RS485
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Oxygen100 % 0 %
0% Vol.

5% Vol.

15% Vol.

100% Vol.

UEL

100% LEL

20% LEL II° threshold
0.5 %
1 %

10% LEL I° threshold
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GAS FORMULA MOLECULAR 

MASS

BOILING POINT °C RELATIVE 

VAPOUR 

DENSITY

FLASH POINT  °C LFL 

%VOL

UEL

% VOL

Acetylene CH=CH 26 -84 0,90 gas 2,30 100

Ammonia NH3 17 -33 0,59 gas 15 33,60

Butane C4H10 58,1 -1 2,05 -60 1,40 9,30

Hydrogen H2 2 -253 0,07 gas 4 77

Methane CH4 16 161 0,55 <-188 4,4 17
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Gas Formula STEL TLV-

TWA

Relative 

density

Molecular 

weight

Acido Cianidrico Hydrogen Cyanide HCN - 4.7 C  1 27

Acido Nitrico Nitric Acid NHO3 4 2

Ammoniaca Ammonia NH3 35 25 < 1 17

Anidride Carbonica Carbon Dioxide CO2 30000 5000 > 1 44

Biossido di Azoto Nitrogen Dioxide NO2 5 3 > 1 46

Biossido di Cloro Chlorine Dioxide CLO2 0.3 0.1 > 1 68

Anidride Solforosa Sulphur Dioxide SO2 5 2 > 1 64

Cloro Chlorine CL2 1 0.5 > 1 71

Acido Cloridrico Hydrogen Chloride HCL - 2 C > 1 36

Fluoro Fluorine F2 2 1 > 1 38

Fosfina Phosphine PH3 1 0.3 > 1 34

Idrogeno Solforato Hydrogen Sulphide H2S 15 10 > 1 34

Ossido di Azoto Nitric Oxide NO - 25  1 30

Ossido di Carbonio Carbon Monoxide CO - 25  1 28

Ossido di Etilene Ethylene Oxide C2H4O - 1 44

Ossigeno Oxygen O2 - - - 32

Ozono Ozone O3 0.1 > 1 48
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Gas Use/Generation 

CO2 Air quality, beer cellars, food industry, cereals storage, greenhouses, incubators, mining industry, 
nuclear industry, oil platforms 

CO Vehicles exhaust gas, flue gases of industrial thermal process, residential and industrial heating 
plants, mining industry, steelworks, tunnels, underground car parks 

H2S Chemical industry, oil platforms, sewage disposal 

SO2 Chemical industry, flue gases of industrial thermal process, food industry, paper mills, PCB 
manufacturers, steelworks 

NO Flue gases of industrial thermal process, residential and industrial heating plants, mining industry 

NO2 Vehicles exhaust gas, Chemical industry, flue gases of industrial thermal process, residential and 
industrial heating plants 

Cl2 Chemical industry, paper mills, water conditioning 

HCN Chemical industry, fumigation, semiconductor industry 

HCl Chemical industry, flue gases of industrial thermal process, PCB manufacturers, semiconductor 
industry, metal heat-treating. 

NH3 Chemical Industry, chicken breeding, plants for fertilizers, food industry, refrigeration systems. 
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% of the 

volume 

Oxygen 

19,5 Allowed oxygen minimum level 

15 ... 19 Reduced capability at work. It may cause slight symptoms in 
people having circulatory, cardiac and pulmonary diseases 

12 ... 15 It increases breathing effort, heartbeat, coordination problems, 
perception and discernment 

10 ... 12 Breathing speed and depth increases further on, short 
discernment, blue lips 

8 ... 10 Incapability of reasoning, weakness, unconsciousness, pale 
face, blue lips, nausea and vomiting 

6 ... 8 8 minutes – fatal at 100%; 6 minutes – fatal at 50%; 4-5 
minutes – hospitalization and treatment 

4 ... 6 Coma in 40 seconds, convulsions, breath failure, death 
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REFRIGERANT SAFETY GROUPS

Class 3 – Higher
Flammability

Class 2 – Lower 
Flammability

Class 1 – No Flame
Propagation

Lower 
Toxicity

Higher
Toxicity

A3 B3

A2 B2

B2LA2L

A1 B1
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Output

Detector

Compensator

D.C.
Voltage
Supply

Rb

Rb

Ra

Suggested 

Operating Circuit

Catalytic Gas Sensor

Schematic diagram 

1 mm

Platinum 

wire coil
Catalyst Layer

(doc. NEMOTO JAPAN)
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Methane Applied
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0
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16
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Methane supply cut

T50 2 sec.

T90 4,9 sec.

mV

seconds

(Doc. E2V)
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90

92

94

96

98

4.4 4.5 4.6 4.7 4.8 4.9

CO2

CO
CO

H2O

5.0

(Doc. MicroParts)
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(Doc. Draeger)



33

•

•

•

•



34

(Doc. City)
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(Doc. Nemoto)
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INDUSTRY GAS TO BE DETECTED

THERMAL PLANTS Methane, LPG

INDUSTRIAL KITCHENS Methane, LPG

DEPOSITS AND FILLING OF GAS CYLINDERS GPL

LANDFILLS AND PURIFIERS Biogas (Methane), Hydrogen Sulphide (H2S)

REFRIGERATING PLANTS Ammonia (NH3)

REFINERIES Methane, sulphide hydrogen

STEEL INDUSTRY Methane, carbon monoxide (CO)

HOSPITALS Oxygen, Nitrous oxide (N2O)

WORKSHOPS Methane, Hydrogen, Acetylene, Oxygen, Alcohol (different)

COMBUSTIBLE DEPOSITS Petrol Vapors, Diesel Vapors

UNDERGROUND CAR PARKS Vapors gasoline, carbon monoxide (CO), nitrogen dioxide (NO2)

FOOD INDUSTRY Ammonia, Carbon Dioxide, Methane

WINE CELLARS Carbon dioxide, sulfur dioxide

DISTILLERIES Ethyl alcohol

BEER PRODUCTION Carbon dioxide (CO2)

POLYURETHANE PRODUCTION Pentane

BATTERY RECHARGE Hydrogen

EXCAVATION TUNNEL Methane, carbon monoxide

SPRAY Propane

STICKERS Acetone, Benzine, heptane , hexane, metietilketone

COMPRESSION STATIONS Methane

COSMETICS / PERFUME Butyl acetate, ethyl acetate, isobutyl acetate , ethyl alcohol

COLORS AND PAINTS Ethyl acetate, acetone, isopropyl alcohol, cyclohexane, heptane, toluene, xylol,

PRINT INK Xylol, Toluene

COGENERATION Methane, Singas (CO + H2)
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LIABILITY DIRECTIVE

PRODUCER 2014/34/CE (ex 94/9/CE)

USER/EMPLOYER 99/92/CE
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Differences between20147/34/EU and 99/92/EC
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E X      i a I I C T 6 

European approval Protection type Equipment group Temperature 
class 
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MODE SYMBOL IEC METHOD

GENERAL RULES 60079-0

FLAME PROOF Ex  ‘ d b’ 60079-1 Explosion enclosed

INCREASED SAFETY Ex  ‘ e ‘ 60079-7

Thermal and electrical 

energy limited to safety 

levels even under worst 

conditions

INTRINSIC SAFETY Ex  ‘ ia ‘ / ' ib ' 60079-11
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 Constant 
hazard 

Discontinuous 
hazard 

Sporadic  
hazard 

EUROPE Zone  0 
(ATEX Category 1) 

Zone  1 
(ATEX Category 2) 

Zone  2 
(ATEX Category 3) 

USA/CANADA Division      1 Division     2 
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AREA / REGION 
ELECTRICAL 

PERFORMANCE REQUIREMENTS 
NON ELECTRICAL 
REQUIREMENTS 

WORLD IEC ISO 

EUROPE CENELEC CEN 

NATIONAL NATIONAL STANDARDIZATION BODY NATIONAL STANDARDIZATION BODY 
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HAZARDOUS AREA NON HAZARDOUS AREA APPLICATIONS 
GAS TYPE UNDERGROUND MINES SURFACE INDUSTRIAL 

SITES 
BUILDING, CAR PARKS & 

COMMERCIAL AREAS 
RESIDENTIAL 

ELECTRICAL 
SAFETY 
REQUIREMENTS 

IEC / EN 60079-0 
IEC / EN 60079-1 

etc   ---------- 
----------- 

IEC / EN 60079-0 
IEC / EN 60079-1 

etc   ---------- 
----------- 

////////////////////////// IP 42 

 
FLAMMABLE 
GASES 

PERFORMANCE 
REQUIREMENTS 

IEC / EN 60079-29-1 
FOR METHANE 

(MANDATORY FOR ATEX)  
 
 

IEC / EN 60079-29-1 
(MANDATORY FOR ATEX 
FOR SAFETY DEVICES) 

(VOLUNTARY IN IEC) 
 

IEC / EN 60079-29-1 
(VOLUNTARY) 

EN 50194 

ELECTRICAL 
SAFETY 
REQUIREMENTS 

(SAME AS  
FLAMMABLE GASES) 

(SAME AS  
FLAMMABLE GASES) 

////////////////////////// ////////////////////////// 

OXYGEN 
 

PERFORMANCE 
REQUIREMENTS 

EN 50104 
(VOLUNTARY) 

EN 50104   
(MANDATORY FOR ATEX 

IN INERTISATION 
PLANTS) 

 EN 50104 
(VOLUNTARY) 

////////////////////////// 

ELECTRICAL 
SAFETY 
REQUIREMENTS 

(SAME AS  
LAMMABLE GASES) 

(SAME AS  
FLAMMABLE GASES) 

////////////////////////// IP 42 
OTHER  
TOXIC GASES, 
CO2, 
ETC. 

PERFORMANCE 
REQUIREMENTS 

 
EN 45544-1 
EN 45544-2 
EN 45544-3 

EN 45544-1 
EN 45544-2 
EN 45544-3 

EN 50545-1 (CAR PARKS) 

EN 50291 (CO) 

FOR ALL EQUIPMENT  
AS PART OF ANY  

PERFORMANCE TESTING 

EN 50271 (SW&DIGITAL) 
(MANDATORY) 

EN 50402 (SIL) – 
(VOLUNTARY) 

EN 50271 (SW&DIGITAL) 
(MANDATORY) 

EN 50402 (SIL) – 
(VOLUNTARY) 

EN 50271 (SW&DIGITAL) 
(MANDATORY) 

EN 50402 (SIL) – 
(VOLUNTARY) 

EN 50271 (SW&DIGITAL) 
(MANDATORY) 

EN 50402 (SIL) – 
(VOLUNTARY) 
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COMPETENCE CLASSIFIED AREAS SC31 NON CLASSIFIED 

AREAS TC216

Zone Potentially explosive Atmospheres Commercial Residential 
Premises

Electrical safety

ATEX Categories
Gas (Dust)
Zones (EN 60079-10)

CAT 1
G (D)
0 (20)

CAT 2
G (D)
1 (21)

CAT 3
G (D)
2 (22)

=

Type of protection
(IEC 60079-0 … …)

Ex”ia”
IEC 60079-11

Ex”d”
IEC 60079-1

Ex”ed”
IEC 60079-7

IP42
(EN50194)

Ex d Ex e IP54 IP54

Ex d Ex d Ex d
or

Ignition test

Ignition test

Product Performance

General Requirements IEC 60079-29-1 EN 50194

Others

Digital Technologies EN 50271

Electromagnetic Comp. EN 50270
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GROUP EQUIPMENT 
CATEGORY

PRESENCE of 
EXPLOSIVE 

ATMOSPHERE

TYPE of 
FLAMMABLE 

ELEMENT

SAFETY LEVEL PROTECTION MEANS 
(Failures to consider)

CORRELATION with 
HAZARDOUS ZONES

Example of 
PROTECTION TYPE

I
Mines and 
connected 

surface 
equipment

M1

M2

PRESENCE

POSSIBLE 
PRESENCE

Methane
Dust

Methane
Dust

HIGHEST

HIGH

1 Protection system
(2 independent failures)

1 Protection Mean
(1 failure in normal 

operations)

___

___

___

___

II
Surface 

apparatus

1

2

3

STEADY or for long 
periods

POSSIBLE 
PRESENCE

LOW POSSIBILITY 
or for short time

Gas, Vapor, Fog, 
Dust

Gas, Vapor, Fog, 
Dust

Gas, Vapor, Fog, 
Dust

HIGHEST

HIGH

MEDIUM

2 Protection system
(2 independent failures)

1 Protection Mean 
(1 failure in normal 

operations)

Conventional Protection 
Mean

GAS Zone 0
DUST Zone 20

GAS Zone 1
DUST Zone 21

GAS Zone 2
DUST Zone 22

Ex   ia

Ex   db

Ex   ed
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2    G (D)x
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THE CONCEPT 

OF RISK

Maintenance 

and 

surveillance

Quality 

control

testing and 

calibration

Installation 

issues

Legal and law 

aspects
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WARNING
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1m

Crosspiece
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1m

Section

1mPillar

0.5m

Plan
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30cm

Section

Hollow
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