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4. Flammability Evaluation of Halogenated Hydrocarbons such as
Flon Substitutes™

by Hidenori MATSUT**

Abstract; Many kinds of halogenated hydrocarbons have been used in industries. Some of
Hydrochlorofluorocarbons (HCFCs) or Hydrofluorocarbons (HFCs) such as HCFC-142b and
HFC-134a have been newly developed as flon substitutes whose production is predicted to in-
crease in future. On the other hand, many Hydrochlorocarbons (HCCs) such as trichloroethylene
have been used in large quantities. The use of these substances may be inhibited in industry from
the stand point of environmental pollution protection.

Most of flon substitutes are not easy to burn, but still more flammable than CFCs, thus it is
necessary to understand combustion properties of HCFCs and HFCs to prevent explosion hazard
in handling them. Combustion properties of HCCs are also important to develop the techniques
for hazardous waste incinerators. Though the flammability limits and flash points of halogenated
hydrocarbons have been obtained by other researchers, it is insufficient to evaluate quantitatively
their lammability.

This paper describes experimental results on oxygen indices of liquid and gaseous halogenated
hydrocarbons obtained by using a diffusion combustion tester which was modified from the
testing method for flammability of gases established by Ministry of Transport of Japan.

The oxygen index directly indicated the rank of flammability of liquid or gaseous substances
in a similar manner as solid. The oxygen index was strongly effected by total weight of halogen
atoms in the molecule. The larger the weight of halogen atoms in the molecule, the larger oxygen
index was obtained. Increase of the number of hydrogen atom in the molecule showed a tendency
to decrease the oxygen index. The substances which did not cause the diffusion combustion in
oxygen gas atmosphere showed no flame propagation in air even if they were premixed with air.

It was proposed that those halogenated hydrocarbons could be categorized into three groups,
namely easy combustible, hard combustible and non-combustible, corresponding to the oxygen
index smaller than 30, between 30 and 60, and above 60 respectively.
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Fig. 1 Schematic diagram of the diffusion combustion apparatus for gaseous materials.
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Fig. 2 Test apparatus for diffusion combustion for

liquid materials. (Wick method)
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Fig. 3 Test apparatus for diffusion combustion for

liquid materials. (Vapour method)
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Fig. 4 Effect of gas flow rate on oxygen index of

HFC-134a and HCFC-142b gases.
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Fig. 5 Effect of oxidizing gas flow rate on oxygen

index of trichloroethylene by wick method.
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Effect of oxidizing gas flow rate on oxygen
index of dichloromethane by vapour method.
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rials by vapour method and wick method.
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Table 1 Combustion properties of general hydrocarbons.
— R LK RER DR BT
Name Formula B.P. °C F.P. °C Exp. range in air, vol% Oxygen Index
Methane CHy —161.5 Gas 5~15 16.1 (G)
Ethane CoHg — 88.6 Gas 2.5 ~ 14 14.7 (G)
Propane C3Hs —42.1 Gas 2.2 ~ 9.5 15.0 (G)
n-Butane CsHi1o —0.6 Gas 1.9 ~ 85 15.0 (G)
Acetylene CaH2 — 83.6 Gas 2.5 ~ 100 7.0 (G)
Ethylene CoHa —103.7 Gas 3.2 ~ 34 125 (G)
Propylene C3Hg —47.7 Gas 2.0 ~ 11.1 13.9 (G)
Gasoline Ca~ Cq2 30 ~ 200 < —40 14 ~ 74 15.7 (W,V)
Kerosine 160 ~ 250 45 15.8 (W)
ECTR (Limonene) | CioHis 176 47 15.4 (W)
n-Dodecane Ci12Hzg 215 80 14.2 (W)
Candle wax 16.0 (W)

B.P.: Boiling point, F.P.: Flash point, Exp. range: Explosion range,
(G): Gaseous method, (V): Vapour method, (W): Wick method
The following is the same meaning. (LI FR L)
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Table 2 Combustion properties of halogenated hydrocarbons in methane series.
A5 R g AAERIEKFEEOMRBESE

Name Formula B.P. °C F.P.°C Exp. range in air, vol% | Oxygen Index
Methyl chloride CH3Cl —24.2 Gas 8.2 ~ 20.2 18.0 (G)
Methyl bromide CH3Br 3.6 Gas 11.8 ~ 17.0 33.0 (G)
Methylene chloride CH2Cl2 40 N.F. 14.1 ~ 20.8 49.9 (V)
Chloroform CHCl3 61 N.F. N.F. N.F. in O2 (V)
Carbon tetrachloride | CCly 76.8 N.F. N.F. N.F. in Oz (V)

N.F.: not lammable. The following is the same meaning. (L FIA L)

Table 3 Combustion properties of halogenated hydrocarbons in ethane series.
Iy rRAOF LRI KEEORESSE
Name Formula B.P. °C F.P. °C Exp. range in air, vol% Oxygen Index

Ethylchloride CyH;5Cl 12 Gas 3.3 ~ 18.8

1,1-dichloroethane CoH4Clo 58 —10 4.9 ~ 16.7 17.6 (V)
1,2-dichloroethane C3H4Clo 84 13 4.6 ~> 14.2 19.2 (V)
1,1,1-trichloroethane C2H3Cl3 74 N.F. 8.0 ~ 14.7 45.9 (V)
1,1,2-trichloroethane CoH3Cl3 114 N.F. 7.9 ~ 14.6 46.7 (W)

Table 4 Combustion properties of halogenated hydrocarbons in ethylene series.
IF L rRoADT LRIEKRE OIS

Name Formula B.P. °C F.P.°C Exp. range in air, vol% Oxygen Index
Vinyl chloride CoH3Cl1 —13.8 Gas 3.6 ~ 264 14.3 (G)
1,1-dichloroethylene CsH-Cls 31.7 —10 7 ~ 16 27.0 (V)
1,2-dichloroethylene CyH>Cly 48 4 6.7 ~ 16.5 304 (V)
Trichloroethylene CoHCl3 87 N.F. 7.9 ~ 45 35.6 (V)
Tetrachloroethylene CaCly 121 N.F. N.F. N.F. in Oz (W)
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Table 5 Combustion properties of flon substitutes.
B 7 0 EoRkEsE
Name Formula B.P. °C | F.P. °C |Exp. range in air, vol%| Oxygen Index
HFC-152a CH3CHF2 —25 Gas 4.0 ~ 19.6
HCFC-142b CH3CCIF2 —10 Gas 6.8 ~ 18.2 25.5 (Q)
Pentafluoropropanol CF3CF2CH;OH 81 N.F. 36.2 (V)
HCFC-141b CH3CCl2F 32 N.F. 9.0 ~ 154 47.1 (V)
HFC-134a CF3CHaF -27 Gas N.F. 64.9 (G)
HCFC-22 CHCIF, —41 Gas N.F. N.F. in Oz (V)
HCFC-123 CHCI>CF3 27 N.F. N.F.
AK-225* C3HF5Cla 54 N.F. N.F. N.F. in O3 (V)

*AK-225 {3, HCFC-225ca, 225cb & 50%IEAMTH 5.

Table 6

Flammability classification of halogenated hydrocarbons based on oxygen index

A0S ALBEAREOMFIEMIC & 3 5 HTE

Rank Methane series Ethane series Ethylene series Flon substitutes
Easy CoHsClI* CHy; = CHCI (14.3) | EC-TR (15.4)
combustible | CH3Cl (18.0) | CH2CICH,C1 (17.6) | CCla=CHa (27.0) | HFC — 152a*
(BIAE) CH3CHCl, (19.2) | CHCI=CHCl  (30.4) | HCFC — 142b  (25.5)
Hard CH3Br (33.0) CHCl1=CCl, (35.6) | =7+ —J)V 5P (36.2)
combustible | CH2Clp (49.9) | CH3CHCIl, (<47) HCFC-141b (47.1)
(BEWRTE) CH2CICH2Cl  (45.9)
Non HFCl134a (64.9)
combustible | CHClz3 (N.F/Og3) CCl2=CCly (N.F/O3) | HCFC —22 (N.F/O32)
(RIRIE) CCly (N.F/02) HCFC-123*
AK-225 (N.F/0O2)

() AOEMER, WERIRABRIRE (O.L #), *MiE, #EF 7,

N.F/Oz2: not flammable in diffusion combustion in oxygen.

Ty —54 13, 20°C, 1 UETRETH B L ERT, '

EC-TR : 7Ny FRFA VLV Vi, 75—/ 5P . CF3CF2CH20H (¥ 7N Fn7usx/—n),

AK-225 : 71 225ca, 225¢cb & 50%iRA W,

O KRR E L CESHP TTIRAKREE T
HETH b,
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mLTwa,
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