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Combustion conditions

Main factors:
e Fuel
e Temperature

 Ventilation

-

temperature

Controlled combustion:

Fuel + O,==» CO, + H,0
Combustion in fires:

Fuel + O,=» CO,+H,0+CO+

soot +multitude of additional species...
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Fire gas composition

e Inorganic gas

 Smaller organics
compounds

e Larger organic
compounds

o Particulates (soot,
Inorganics, metals)
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Asphyxiants:
CO, HCN

Irritants:
HCI, HF, NOx, SO,...
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Ventilation conditions

m fuel / moxygen

(m fuel / m oxygen )stoich :

¢ =

¢=1 stoichiometric combustion

¢<1 well ventilated combustion
¢>1 under-ventilated combustion
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Ventilation conditions — carbon Nylon-6,6: tests of different scales

monoxide (CO) Data from reference [1].
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Yield HCN (mg/qg)

Ventilation conditions —
hydrogen cyanide (HCN)
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Nylon-6,6: tests of different scales

Data from reference [1].
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Yield NOy (mg/qg)

Ventilation conditions — Nylon-6,6: tests of different scales

Data from reference [1].

nitrogen oxides (NOX)
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Fire gas composition

Volatile organic
compounds (VOC)

Q.. s
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e |norganic gases

« Smaller organic
compounds .
) Larger Org Isocyanates Ref. [2, 3, 4]
NCO NCO
; ==
e [rritants @ ~ o
¢ NCO
e Allergy .
Ref. [3, 4] I
* Cancer Aldehydes H
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Furnished room test

From references [5,

6] ) 400
< b
al g
Bookshelf
v 80 x 41 Corner book
Armchair shelf
80 x 84 =)
Book-
Carpet shelf
200 x 200 80 x41
Coffee o
Table Book- 2
3 seater X B shelf
175 x 88 BOx 41
Armchair
80 x 84
«—— Curtain % A

Item # Weight (kg)  Main Combustible Material
Sofa 1 72 Wood, PUR, cotton, feathers
Armchair 2 19 x 2 =38  Wood, leather, filling
Corner bookshelf 1 52 Particleboard, veneer
Bookshelf 3 30 x 3 =90 Particleboard, veneer
Coffee table 1 26 Wood

Carpet 2mx2m  Approx. 20  Wool, synthetic

Curtains 10 m 5 Cotton

Books, Exp. | - 219 Paper

Books, Exp. 2 - 216 Paper

Books, Exp 3 - No data Paper

EU TV, Exp. 1 and 3 1 314 Polystyrene

US TV, Exp. 2 1 33.6 FR polystyrene

(All measurements in cm)
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~550 kg combustible material in each room

test, equals 34 kg/m? floor area.

Full-scale TV fire
tests conducted
separately.
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Example: VOC-yields

Order | Room 1 Room 2 Room 3 | nFR-TV FR-TV
1 Benzene | Benzene Benzene | Styrene | Styrene
25 % 46 % 39 % 37 % 49 %
2 Benzo- Toluene Chloro- Benzene | Benzene
nitrile benzene
3 Styrene Benzo- Toluene | Toluene Toluene
nitrile
4 Toluene Styrene Benzo- Phenol Ethynyl-
nitrile benzene
5 Phenol Ethynyl- Styrene | Ethynyl- [ Phenol
benzene benzene
Other | 55 % 32 % 37 % 15 % 15 %
Total 344 g 1164 g 1278 g 108 g 286 ¢
0.69g/kg | 2.4 g/kg 2.6 g/kg | 20 g/kg 91 g/kg

11
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Fire gas composition

e |norganic gases

 Smaller organics
compounds

e Larger organic
compounds

o Particulates (soot,
Inorganics, metals)

Polycyclic aromatic
| hydrocarbons (PAH)

Long term effects:
Cancer
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In room f

PAHS

Example
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Data from references [7, 8].
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Example: PAHs toxicity weighted from room fires

Data from references [7, 8].
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Example: PAH-yields

Room nFR- | FR- | Car fire
fires TV TV [4]
Amount ~500 33 35 119
(9)
Yields 0.60-1.7 |6.1 11 1.1
(9/kg)
BaP-TEQ | 0.016- 0.26 0.89 |-
yield 0.050
(9/kg)

15 2021
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Fire gas composition

e |norganic gases

 Smaller organics
compounds

 Larger organic

com  DNA damages
o Particlh, ¢ Immune defence
inorgar| * Cancer

Reproduction
Bioaccumulation
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Polychlorinated dioxins
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Example: dioxins from room tests

Data from reference [9].
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Example: dioxins from room tests, toxicity weighted

Data from reference [9].
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Example: Dioxin-yields

Data from reference [9].

Room nFR- | FR- | Car
fires TV TV fire [4]
Yield all 0.21-3.3 | 110 |530 |58
homologues
(H9/kg)
Yield 0.028- 7.5 25 -
2,3,7,8- 0.26
subst.
(Hg/kg)
TCDD-TEQ | 0.0022- 1.0 10 0.65
(ng/kg) 0.033

19 2021
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Fire gas composition

e |norganic gases

 Smaller organics
compounds

e Larger organic
compounds

o Particulates (soot,
Inorganics, metals)
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* [rritation
e Lung damages

e Long-term health
effects

e Transport of
toxicants
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Particulates

References [9, 10].

« Type of fuel affect particle
production

* Polystyrene, e.g., gives high
production

 Wood, generally, gives lower

« Relationship between particle yield
and particle size

» Fire generated particles can be
transported deep into the lungs

Particle yield (g'g)
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Thank you!

per.blomqvist@ri.se

Blomqvist — The Chemistry of Urban Wildfires Workshop June 8,
2021




	Combustion Product Yields: Basic Principles and Examples from Large Fire Tests
	Content
	Combustion conditions
	Fire gas composition
	Ventilation conditions
	Ventilation conditions – carbon monoxide (CO)
	Ventilation conditions – hydrogen cyanide (HCN)
	Ventilation conditions – nitrogen oxides (NOx)
	Fire gas composition
	Furnished room test
	Example: VOC-yields
	Fire gas composition
	Example: PAHs in room fires
	Example: PAHs toxicity weighted from room fires
	Example: PAH-yields
	Fire gas composition
	Example: dioxins from room tests
	Example: dioxins from room tests, toxicity weighted
	Example: Dioxin-yields
	Fire gas composition
	Particulates
	References
	References, cont.
	Thank you!

