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Fire Fighting Sectional Committee. CED 22 

FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards. after the draft finalized by the Fire Fighting 
Sectional Committee had been approved by the Civil Engineering Division Council. 

It is important that fire protection of a building or part be considered as a whole. CF)I total flooding systems form 
only a part of the available facilities. However, it should not be assumed that their adoption necessarily remove 
the need to consider supplementary measures. such as provision of portable fire extinguishers or mobile appliances 
for first aid or emergency use or measures to deal with special hazards. 

CF3I is recognized as effective for extinguishing all classes of fires within limits specified in 4 of IS 15493. It does 
not cover the design of explosion suppression system. Nevertheless. it should not be forgotten in the planning of 
comprehensive schemes that there may be hazards for which this technique is not suitable. 

Agent dump/discharge test may be replaced by enclosure integrity test unless required by legal requirement. 
Complete system should be approved by any recognized/independent authority. 

In the fonnulation of this standard, assistance has been derived from ISO 14520 -2: 2000 'Gaseous fire extinguishing 
systems - Physical properties and system design - Part 2: CF31 Extinguishant'. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value. 
observed or calculated, expressing the result of a test or analysis. shall be rounded off in accordance with 
IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this standard. 
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Indian Stanllar{i 

GASEOUS FIRE EXTINGUISHING SYSTEMS -
PHYSICAL PROPERTIES AND SYSTEM DESIGN 

CF31 EXTINGUISHANT 

1 SCOPE 

1.1 This standard sets l)ut general, requirement fur 
design and installatlun of total flooding !'in: 

extingui~hing sy ... tem employing CF \1 g'b Jnd spcL'ifi( 
rcquircnlenr:- ut phy~il'a! ;IOJ t.:ht.:mil'ai prupcrtlL's, ThIs 
~(;,lndJ.rd i:-. applll.::.1bk: fl)f ~ingk ;1,> \\cJI ~t ... JblrihuleJ 

supply :-.ystcm that is Incal and lIHal lluuJII1g ;..),stl'll), 

1.2 This ~tandard I.'overs CF ,I ~y;..(tm llpcrat ing at 
nominal pressure uf~.5 t\.1Pa, 

2 RE}<~':RK'iCE 

The: fu!l\.)\Vlng standard (ontJins proviSion whi<:h, 
through referenL:e in this text, L:onstilutes proviSIons 
of this standard. At the time of publication, the edition 
indicated was valid. All standards are subjeL:t to 

revision and parties to agreements baseJ on th 1:-' 

standard are encouraged to investigiite the posslbil ity 
t)f applying the most recent edition of the standard 
given below: 

IS No. Tille 

15493 : 2ex.» Gaseous fire extinguishing systems -
Gener~l requirements 

J CIL,\RACTERJSTJCS AND USES 

3.1 General 

Extinguishant CFjI shall comply with the specification 
given in Table 1 and the phYSical properties are gi ven 
in Table 2. CF31 is a colourless, almost odoudess. 
electrically non-conductive gas with a density 
approximately seven times that of air. 

Chemical formula 

Chemical name T ri n uoroiodomethane 

Table 1 Specification for CF,\I 
(Clauses 3.1 alld 4.3.4) 

SI No. Propert)' 

i I Puril) 
ill ACH.hlY 
iii) W;ilcf contl'nt 

1\} \;,)11 .. ol3uk rniJue 
'I SU\rL'IlJeJ matter ur 

~cJlml'nt 

R{'quirrm!'ots 

9( 1) pt'H:.:nl b~ n.J'>;\, ."fill 

I x 10'" hy nla::.s. M(a 

<> x 10'" by mass, Mar 
IOU )( 10" hy mass. MiLl 

~()n·vjsibtc 

Table 2 Ph}skal Properties ofCF.,1 
(ClaastlJ 3.1 llnd4,3.4) 

SI !,\'o. Property lIniU \'alu(,' 

\ I) 12 J (3) (~) 

II \1oh:~'\lIdr mJ~.'" f t.i59 
III BOlIIog pllin! Jt () 101 1 "(' -22 5 

,\1Pa lah~olull:1 
Illi Frel'llng P(l!flt e,c -110 
IV) ("citll:al tcmpnaturc "C tl"} 
v) Critical pn.'s~un: MP" (.-\hs) -t ()4 

vi) Crilical volume cm'/mol 225,0 
vii) Crilical denSIty kglm1 g71 

viii) Vapour prcs.,>urc, w"e MPa (Abs) O.t65 
ix) Liquid denSity. 20"C kgJm~ 2.096 
:q SJturated vapour kg/m' 8 051 

density, 20"(' 
\i) Specific volume of m'/kg () f24 

superheated Vapour at 
0.101 3 MPa and 20"C 

NOTE - CF,' extinguishes tires mainly by (henucal means 
but by some physical means also, 

4 USE OF CF} SYSTE~tS 

4.1 CF)J systems may be used for extinguishing fires of 

all classes within the limits specified in 40fIS 15493. 
The extinguishment requirements per volume of 
protected space are shown in Table 3 for various levels 
of concentrations. 
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SI 
No. 

( I ) 

j) 

ii) 

111) 

Ii 1 

VI) 

XII) 

xiii} 

H:) 

xvii) 

xx) 

xxi) 

uii) 

:\XiiI) 

ni'w') 

'ftmpt~ 

raturt 
T 

"C 

(2) 

-20 

15 

-10 

-5 

o 
5 

10 

15 

20 

25 

)0 

35 

-l0 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

Specific 
Volume 

5 
m';'kg 

(3) 

0, tOI 3 

0,103 8 

0,106 J 

0,108 8 

0, III 3 

0,113 8 

0116 -' 

o t 18 H 

0,121 3 

0,123 8 

0,126 3 

0128 8 

o 131 3 

o 133 8 

0,136 3 

0,138 8 

0, )41 3 

0,143 8 

0.146 3 

0.148 8 

0,151 J 

0.153 8 

0,156 3 

0.158 8 

0,101 3 

0.163 8 

Table 3 CFJI Total Flooding Quantity 
(Clauses 4, 1 and 6.3) 

Cf}1 Mau Requirements per Unit Volume of Protected Space mlV (kg/ml) 

--------------------------~~-------------------r 

(4) (5 ) 

Design Concenlration (By Volume) 
Percent 

(6) (7) (8) (9) (l0) (1 1) 

J Percent .. Percent 5 Percent 6 Percent 7 Percent 8 Percent 9 Percent 10 Percent 

0305 3 

0,298 0 

029() 9 

0,284 J 

0,277 9 

0271 8 

0.265 9 

0260 3 

0255 0 

0.2.\9 8 

0244 9 

0.240 J 

0,235 6 

0231 I 

02269 

0222 8 

0.218 9 

0.215 1 

0211 .-

0.207 8 

0.204 4 

0.201 1 

O.t97 9 

0,194 8 

0.191 7 

o 188 8 

OAt! 

0.401 4 

0392 0 

0.383 0 

0.374 ~ 

0.366 I 

0.358 3 

0350 7 

0343 6 

0336 6 

OJ299 

0.323 5 

0317 3 

0,311 .. 

0,)05 7 

0,300 2 

0294 9 

0.289 8 

0.284 8 

0.280 '0 

0.275 4 

0.270 9 

0.266 6 

0.262 .. 

0.258 3 

0.254 

0.519 6 

0507 0 

0485 I 

0.483 7 

0.472 9 

0.462 5 

0452 6 

0443 0 

0.433 9 

0.425 I 

0.416 7 

0.408 6 

0.400 8 

0393 4 

0.386 I 

0,379 2 

0,372 5 

0.366 0 

0.359 8 

0353 7 

0.347 9 

0.342 2 

0.336 7 

033 I 4 

0326 .3 

0,321 3 

0,630 j 

0.614 9 

0600 5 

0586 7 

0.573 5 

0,560 9 

0.548 8 

0.537 3 

0.526 2 

0.515 6 

0.505 4 

0.495 6 

0.486 I 

0.477 I 

0.468 3 

0.459 9 

0.451 .., 

0.443 9 

0436 .3 

0.429 0 

0,421 9 

0,415 ° 
0.408 4 

0.402 0 

0.395 7 

0,389 7 

0,743 0 

0,725 

0.708 1 

0.691 8 

0.676 J 

0,661 4 

0.647 2 

0.633 6 

0.620 5 

0.608 ° 
0.596 0 

0.584 4 

0.573 J 

0,562 5 

0,552 2 

0542 3 

0.532 7 

0.523 4 

0.514 5 

0.505 8 

0.497 5 

0.4894 

0.481 6 

0.474 0 

0.466 6 

0.459 5 

0.858 4 

0.837 7 

0,818 ° 
0799 2 

0.78 [ 3 

0.764 I 

0.747 7 

0.732 ° 
0,716 9 

0.702 4 

0.688 5 

0.675 1 

0.662 3 

0.649 9 

0638 0 

0.626 5 

0.615 4 

0,604 7 

0,594 4 

0.584 4 

0.574 7 

0.565 4 

0.556 3 

0.547 6 

0.539 1 

0530 9 

0.976 3 

0,952 8 

0.930 4 

0.909 0 

0.888 6 

0.869 1 

0850 4 

0.832 5 

0,815 3 

0.798 9 

0.783 I 

0,767 9 

0.753 2 

0,739 2 

0.725 6 

0.712 5 

0.699 9 

0.687 8 

0,676 0 

0.664 7 

0.653 7 

0,643 1 

0.632 8 

0,622 8 

0.613 2 

0.603 8 

1.096 <} 

1.070 4 

1.045 3 

1.021 2 

0,998 3 

0.976 4 

0.955 4 

0,935 3 

0,916 0 

0897 5 

0.879 7 

0.862 7 

0.846 2 

0,830 4 

0.815 :: 

0.800 5 

0,786 3 

0.772 7 

0.759 5 

0,746 7 

0.734 4 

0722 4 

0710 9 

0.699 7 

0.688 g 

0678 J 

NOTE ThIs information has been obtained from ISO 14520-2. 

Symbols: 

",/v- agent mass requirements (kgimJ): thaI is mass, m in kilograms of agent required per cubic metre of protected 
, volume V to produce the indiCated concentration at the temperature specified~ 

V -.... net volume ·)f hazard (m)); thalis the enclosed volume minus the fixed structures impervIOUs to extinguishant: 

_ Ie! V 
m - I! 00 - c, S 

r -~ temperature (cC). that IS the deSIgn temperature in the hazard area~ 

S ,_. speCific volume (m'i'kg); the specific volume of superheated Cf I vapour at a pressure of 0.101 3 MPa may be 
appro:'<II113ted by the formula: ) 

S '-'= hI + k~ T 
where 

Ie, = ° 113 8 

k: ;:::: 0000 5 

c - concentration \.pet'cent). that is the volumetric concentration of CF)I in air at the temperature indicated and at 
a pressure of 0.101 3 MPa abs-olute. 



".2 The c.\{inguishiog ,;oo\..·cnlration!:. Jnd design 
Ctm~:entrations for ll-hepL.tne ~tnd surfa~e Class A 
hazards are shown in TJbk 4. Concentrations fur l)ther 
fuels are shown in TJbk 5 and inerting I..:uncentratiuns 

are shown in Table 6. 

Table 4 Cf<) Extinguishing and llesign 
Concentrations (8)' Volume) 

(Chmses4.2. 4.3.1 mui 6.3) 

(I) (2) (3) 

II·Heptane 3.0 percent 3.9 pcn:c=nl 

NOTE - This Information has been oblaintd frum 
ISO 14520·2 

Table 5 CF ,I Extinguishing and Design 
Concentrations for Other Fuels 

(Clause 4.2) 

sa 
No. 

Fuel . b.linguish· Minimum 
ment Duign 
Percent Per,ent 

(3) 

I) AcctoClllrik 1.7 

11) Aviation gasoline 3.7 

Iii) n·Butanol 3.3 

ill) n-Butyl acelate 2.5 

v) Diesel No. 2 3.3 

vi) Ethanol 3.0 

vii; Ethyl acetate J 0 

villI Ethylene glyl.'o\ 2.4 

1\) (,as (unlcJ~kd. 78 percent 36 
ethanol) 

:\) BydraulicOuidNo 2.3 

'lot) J[>·4 33 

:tiil JP-5 3 2 

xiii) Methane 20 

xiv) Melhanol 3.8 

.tv) Methyl elhyl ketone 44 

;l.VI} Methyl lsobut)'1 ketone 29 

xvii) Propane 3.0 

x viii) Pyrrollidine 2.8 

xix) Turbo hydraulic oil 2380 2. I 

u) Xylene 5.5 

(4) 

22 

48 

43 

33 

~ 3 

3.9 

39 

3 I 

4.7 

30 

43 

4.2 

26 

4.9 

5.7 

38 

4.3 

3.6 

21 

12 

NOTE-This information has been obtained from 
ISO 14520-2. 

Table 6 CFjllnerting and Design Concentrations 
(By Volume) 

Futl 

(J) 

Propane 

(Clause 4.2) 

Jnertion 

(2) 

6.5 percent 

Minimum Design 

(3) 

7.2 percent 

NOTE - rneeting concentrations were determined in 

accordance with the requiremenr.s of IS 15493. 

3 
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4.3 Spedal A pplicattion 

The principle of extmgUl~hing IS idenlkJI to the one 
v.lth portable cxtingubher. 

4.3.1 Dt'Sigfl COllc(,lIfr£1twn 

The Jg~nt shall be used only for unmanned an:as I!ke 

rim ~cal fire protectinn of floating roof tanks. The 
quantIty of ("f') released in that area is Jl over kill rate 
HOWever, the CF\I extinguishing and design 
(on(cmration is gIven in Table 4. 

4.3.2 System Design 

SY:--lem design for rim ~eal fire protcrtivn of tloJtJng 
roof tank lS given bdow: 

The protection system broadly consIsts of container. 
feed lines. ring mains/laterals as required, :-.pray nozzks. 
signalling equipment and rabies. heat detectton and 
activation devices. The protection system can defect . 
control and e~tinguish the fire and also simultaneously 
give audio visual indication on the (omrol panel. A 
lypical diagram ofCF

3
1 automatic rim seal fire protet,tion 

system is given in Fig, I. 

4.3.3 Discharge TIme 

Unlike tolal flooding system discharge time of lO.s, for 
local appJic3tion system ofCFjI discharge time depends 
on the sizeof cylinder or glass bulb used. The discharge­
time therefore ranges from 20 s to 4S s for 10 to 40 kg 
cylinders. 

4.3.4 Quality Check 

The gas (CF}I) quality be tested as per Table I and 
Table 2 and also a.c. supplied by the supplier of the 
agent. The commissioning be performed after leak 
testing installation by pressurization by Nitrogen only 

at 2.5 times more than working pressure and be kept 
under pressure for 48 h. After leak testing the system 
can be filled with CF)I and pressurized at 1 MPa at 2O"C 
and 1.2 MPa at 35°C. Checking of correct pressure of 
CF)I gas in the cylinder is done by pressure switch in 
the cylinder giving a signal (0 the control paneL 
Pressure can also be read from pressure gauge mounted 
on the CF) cylinder. Checking of correct quality of gas 
in cylinder is done by level switch mounted in the 
cylinder giving signal to control panel. 

S SAFETY OF PERSONNEL 

5.1 Any hazard to personnel created by the discharge 
of CFJI shall be considered in the design of the system. 
Potential hazards can arise from the following: 

a) Extinguishant itself, 

b) Combustion products of the fire. and 

c) Breakdown products of the extinguishant 
resulting from exposure to fire. 

5.2 Toxicological information for CF3I is shown in 
Table 7. 
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MULTI NOZZLE 
SPRAYER/DETECTOR 

SUNROOF 

Fig. t TYPICAL DIAGRA,l\i OF CF}I Al'TO!\.fAfIC RIM SEAL FIRE PROTECTION SYSTEM 

Table 7 Toxicological Information for CFll 
( Clause 5.2 ) 

51 :"'Jo. Property Value 
Percent 

0) (2) (3) 

i) Le,i' 27-4 

Ii) ALe >12.8 

ii I) No observed adverse effect level 0,2 
(NOAEL) 

IV) Lowest observed adverse effect level 0.4 
(LOAEL) 

NOTE -.- LC~ is the concentration lethal to 50 percent of 
a ral population during a 15 minutes e.xposure ALe is the 
approximate lethal concentration for a rat population during 
a 4 h exposure. 

5.3 Since the design concentration exceed the LOAEL 
under normal design conditions~ CF,I shaH only be used 
for normally unoccupied areas such as rimseal fire 
protection 0 f floating roof tanks, aircraft engine nacelles 
etc. For rnininuunsafetyrequirem:nts,see Sof IS 15493. 

6 SYSTEM DESIGN 

6.1 Fill Density 

The fill density of the container shall not exceed the 
values shown in Table 8. 

Exceeding the maximum fiU density may result in the 
container becoming liquid full, with the effect that an 
extremely high rise in pressure occurs with small 
increases in temperature. which could adverse Iy affect 
the integrity of the container assembly. 

The relationships between pressure and temperature 
are shown in Fig. 2 for various levels of fill density. 

4 

Table 8 Storage Container Characteristics 
forCF]I 

(Clause 6.1) 

SI No. Propnty Value 

0) en (3) 

i) Maximum fill density, kg/mJ 1,680 

ii) Ma.ximu.m container working 355 

pressure at 50" C. MPa 

iii) Super pressurization at 20Q C, M Pa 

NOTE - Reference should be made to fig f{)[ further 

data on pressure}temperature relationships. 

6.2 Super Pressurization 

Containers shall be super pressurized with nitrogen 
\\-'ith a moisture content of not more than 60 ';( 10-6 by 
mass to an equilibrium pressure of 2.5 MPa at a 
temperatw'e of 20Ge. 

6.3 EItinguisbaot Quantity 

The quantity of extinguishant shall be the minimum 
required to achieve the design concentration within 
the hazard volume at the minimum expected tempenlture, 
determined using Table 3 and provisions laid do'Ml in 
IS 15493. 

The design concentrations shall be that specified for 
relevant hazards shown in Table 4. This indudes a 1.3 
safety factor on the extinguishing concentration. 

Consideration should be given to increasing this for 
particular hazards, and seeking advice from the relevant 
authority. 
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FIG.2 TEMPERATUREIPRESSURE GRAPH FOR CF31 PRESSURiZED TO 2.5 MPa WITH NITROGEN AT 20°C 
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