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Evaluation of FuranFlex/FuranFix
Inner lining material for chimneys

Background
The Swedish certifying body SWEDCERT has requested DTC to carry out a toxicological evaluation of the product FuranFlexlFuranFix which is to be used as inner Iining in chimneys.
FuranFlexlFuranFix is marketed by the company Isokern (Sweden).
In order for SWEDCERT to issue a type approval for the product, Isokern must substantiate that
FuranFlexlFuranFix does not emit hazardous chemical substances, etc. in undesirable high
concentrations when used.
According to building regulation 6:73 55 of Boverket* (Sweden) emission of flue gases should be
reduced to a minimum. Flue gases should be lead through chimneys/flues sufficiently tall to
prevent flue gas around or inside the building (through ventilating shafts or open windows) and
prevent flue gas from being led to the nearest buildings.
To carry out the evaluation DTC received information on the chemical composition of FuranFlexlFuranFix from the producer Kompozitor (Hungary). Furthermore, DTC received additional
information from Isokern and SWEDCERT to carry out a worst-case assessmenl.
SWEDCERT has requested DTC two assess two situations: Used with chimneys, where the temperature can reach up to 450°C at the source of the heat, and a chimney fire where temperatures
may exceed 1000°C.

-

Worst-case assessment
Assumption:
1. Minimum room size = 10m'. Floor-to-ceiling height = 2.5 m => Vroom = 25 m 3 .
2. Chimney height = Floor-to-ceiling height*safety factor = 2.5 m*2 = 5 m.
3. DiameterFuranFle><IF"anFI, = 150 mm (according to information from SWEDCERT) => weight of
product = 5 m*1400 g/m = 7000 g.
4. Approx. 1% of the compounds vaporising at approx. 450°C/1000°C enters the room, e.g.
through leaks, open windows, fireplaces, etc. The remainder is given off to the surroundings.
5. Organic compounds decompose to CO, NO, and SO,. At 450°C approx. 10% of the compounds is assumed to vaporise without any decomposition.
For detailed calculations please refer to the enclosure. The different concentrations appear from
the below table.
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Tab/e

Substance

Carbon monoxide (CD)

Indoor
concentration
(450·C)
[ppm]
88.1

Outdoor
concentration
(450·C)
[ppm]
218

Indoor
concen·
tration
(1000·C)
[ppm]
822

Outdoor
concen·
tration
(1000·C)
[ppm]
2035

TClo:
lowest
observed
tox. dose
Inh-man TeLo:
650 ppm/4S min
Inh-hmn Telo:
90 ppm/40 min

Limit
values

[ppm]

25

Nitrogen dioxide (N02 )

11.1

27.4

11.1

27.4

Sulphur dioxide (50 2 )

1.87

4.65

1.87

4.65

lnh-hmn Telo:

Carbon black
Aniline black
p-Toluene sulphonic
acid
Hexamethylenetetramine
Phenol-formaldehyde
resin
Furan resin
Carbamide

-

-

-

-

0.01
0.37

0.03
0.91

-

-

-

0.45

1.12

-

-

Inh-rat TeLo:
61 ppm/6H/13W-1

-

-

-

-

-

-

-

-

-

-

2.22

-

Inh-rat Telo:

Bisphenol-A

0.41

1.01

-

61 ppm/6H/13W-1
lnh-rat Telo:
31 ppm/l7W-1

-

-

-

-

0.90

-

-

-

Polvethvlene
Polyethylene
terephthalate fibres

12 ppm/1H

5.6
1.3

-

-

The concentratlons In the table are given with 3 slgmflcant f1gures.

Discussion

/ndoor concen/ration (450·C):

-

In information retrievals DTC has searched for TClo: lowest observed toxicological concentration.
TClo values for p-toluene sulphonic acid and aniline black were not found in the available literature. The calculated concentrations in a 25 m3 room are 0.01 ppm for aniline black and 0.37 ppm
for p-toluene sulphonic acid, respectively. These very low concentrations does not cause any
health concerns.
TClo values for CO, NO" S02' hexamethylenetetramine, carbamide, and bisphenol-A are above
the values that could be found in the room (factor 6.5-135).
Our partial conciusion is that the contribution of toxic compounds (1 %) from FuranFlexJFuranFix at
450·C to a room with a volume of 25 m3 does not result in substance concentrations which cause
any health concerns.

Outdoor concentrations (450·C):
If compared with indoor concentrations, the calculated outdoor concentrations are approx 2.5 times
higher for all compounds. Very quickly (Le. within a few seconds) these concentrations will be
further attenuated with a factor 100-1000 which means that none of the values causes any health
concerns.
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Indoor concentration (1000·C => chimney fire):

ca

The concentration 01
is approx. 9.3 times higher compared with the concentration at 450°C.
This concentration is approx. 1.3 times higher that the lowest observed toxicological concentration.
Rooms must have ventilation 01 minimum 0.35 l/s/m 2 according to SWEDCERT and the Swedish
standards. This means that ventilation in a 10m2 room is 0.21 m 3/min (height = 2.5 m).
Using a lormula lor "washing out" it is possible to calculate the

ca concentration at a given time.

ca

As the TClo value lor
was 650 pm/45 min it is relevant to calculate the
room alter 45 minutes. Thus we get:

ca concentration in the

C CO, t=45= 822 *e ·'-45
We can lind k by assuming k=vN=(0.21 m3/min)/25 m3 = 0.0084 min". Thus we have:
C eo.'.45=411 0*e,O.0084- 45 = 563 oom.
This value is lower than the TClo and consequently not 01 any health concern. The value 563 ppm
is the concentration in the room alter exactly 45 minutes. The average Irom t=O to t=45 gives a
higher
concentration. Furthermore, it is assumed that chimney soot will contribute with a
dose.

ca

ca

ca

concentration (ppm) in the room as a lunction 01 the time is obtained
The lollowing graph 01 the
through the lormula lor "washing out".
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As the graph indicates the concentration will lall rapidly in the beginning. The hall-Iile t 1l2 can be
calculated through the lollowing equation:
t 1l2=(ln 2)/k
which gives a hall-Iile 01 0.693/0.0084 = 82.5 min.
The other compounds (N0 2 and 502 ) are found in the same concentrations as lor 450°Clindoors
(see comments above).
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Enclosure

Worst Case assessment (at 450°C):
Assumption:
1. Minimum room size = 10m2. Floor-to-ceiling height = 2.5 m => V room = 25 ma.
2. Chimney height = Floor-to-ceiling height*safety factor = 2.5 m*2 = 5 m.
3. Diameter = 150 mm (according to information from SWEDCERT) => weight of product = 5
m*1400 g/m = 7000 g.
4. Approx. 1% of the compounds vaporising at approx. 450°C enters the room, e.g. through
leaks, open windows, fireplaces, etc. The remainder is given off to the surroundings and is
thinned approx. 1000 times before being inhaled.
5. Organic compounds decompose to CO, N0 2, S02. Only approx. 10% of the compounds is
assumed to vaporise without any decomposition.
At 450°C (the further away from the chimney the lower the temperature) DTC assesses, that the
following compounds decompose/vaporise:
Aniline black, p-toluene sulphonic acid, hexamethylenetetramine, carbamide, bisphenol-A, polyethylene and polyethylene terephthalate fibres.
Aniline black occurs with 0.11 % in the material. Approx. 0.056% CO may be generated; approx.
0.015% N0 2and 10% (= 0.011 %) remain as aniline black.
p-Toluene sulphonic acid occurs with 0.94 % in the material. Approx. 0.460% CO may be generated; 0.179% S02 and 10% (=0.094 %) remain as p-toluene sulphonic acid.
Hexamethylenetetramine occurs with 0.94 % in the material. Approx. 0.470% CO may be generated; 0.376% N0 2 and 10% (=0.094%) remain as hexamethylenetetramine.
Carbamide occurs with 0.80 % in the material. Approx. 0.160% CO may be generated; 0.376%
N0 2 and 10% (=0.080%) remain as carbamide.
Bisphenol-A occurs with 1.39 % in the material. Approx. 1.098% CO may be generated, and 10%
(=0.139%) remains as bisphenol-A.
Polyethylene occurs with a very thin layer of 120 /lm and the contribution of mainly CO compounds
can be neglected.
60 g/m 2 of polyethylene terephthalate fibres is found. Pipe area is A=2*n*r*h = 2*n*0.075m*5m =
2.355 m2. Total polyethylene terephthalate fibres quantity = 2.355 m 2*60 g/m 2 = 141.3 g. Approx.
60% is transformed into CO compounds => 141.3 g*0.6 = 84.78 g.
I CO = 0.056% + 0.46% + 0.47% + 0.160% + 1.098% = 2.244% (+ 84.78 g)

I N02 = 0.015% + 0.376% + 0.376% = 0.767%
I S02 = 0.179%
I Aniline black = 0.011 %
Danish Toxicology Centre, Apri12000
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L: p-Toluene sulphonic acid= 0.094%
L: Hexamethylenetetramine = 0.094%
L: Carbamide = 0.080%
L: Bisphenol-A = 0.139%
L: Polyethylene= negligible
L: Polyethylene terephthalate libres = 14.13 g
As the amount 01 polyethylene terephthalate is stated in g/m 2 the product amount minus PET-libres
can be calculated => mpcoduct - mpET.libtes = 7000 g - 141.3 g = 6858.7 g.
Thus all compounds can be calculated in g:
CO => 6858.7 g*0.0244 = 160.49 g + 84.78 g = 252.13 g

N0 2 => 6858.7 g*0.00767 = 52.13 g

S02 => 6858.7 g*0.00179 = 12.28 g
Aniline black => 6858.7 g*0.00011 = 0.75 g
p-Toluene sulphonic acid=> 6858.7 g*0.00094 = 6.44 g
Hexamethylenetetramine => 6858.7 g*0.00094 = 6.44 g
Carbamide => 6858.7 g*0.00080 = 5.49 g
Bisphenol-A => 6858.7 g*0.00139 = 9.53 g
Polyethylene=> negligible
Polyethylene terephthalate libres => 14.13 g
We have assumed that by accident 5% 01 the compounds could ooze into the room. This would
result in the lollowing concentrations in the room due to FuranFlex/FuranFix.
CO = 252.13 g*0.01 = 2.52 g => Cco = 2.52 g/25 m 3 *1000 = 100.85 mg/m 3 equivalent to 88.10
ppm.

N0 2 = 52.13 g*0.01 = 0.52 g => CN02 = 0.52 g/25 m 3 *1000 = 20.80 mg/m 3 equivalent to 11.10
ppm.

S02 = 12.28 g*0.01 = 0.12 g => C S02 = 0.12 g/25 m 3 *1000 = 4.91 mg/m 3 equivalent to 1.87 ppm.
Aniline black = 0.75 g*0.01 = 0.0075 g => CAntlonebtack = 0.0075 g/25 m 3 *1000 = 0.3 g/m 3 equivalent
to 0.01 ppm.
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p-Toluene sulphonic acid= 6.44 g-0.01 = 0.0644 g => Cp-Toluenesulphomeae,d= 0.0644 g/25 m3 _1000 =
2.58 mg/m' equivalent lo 0.37 ppm.
Hexamethylenetelramine = 6.44 g-0.01 = 0.0644 g => He,ame,hylene,e"am'ne = 0.0644 g/25 m3 _1 000 =
2.58 mg/m' equivalenl lo 0.45 ppm.
Carbamide = 5.49 g-0.01 = 0.0549 g => CCa,bamide = 0.0549 g/25 m3 _1 000 = 2.20 mg/m' equivalenl
lo 0.90 ppm.
Bisphenol-A = 9.53 g-0.01 = 0.0953 g => CB"phenol.A = 0.0953 g/25 m3 _1000 = 3.81 mg/m' equivalenl to 0.41 ppm.
Polyelhylene=> negligible
Polyelhylene lerephlhalale fibres = 14.13 g-0.01 = 0.1413 g => CpOlyelhylene le,ephlhalale Iib'es = 0.1414
g/25 m 3 _1000 = 5.65 mg/m'
95% of Ihe compounds will be emitted to the surroundings.
CO = 252.13 g-0.99 = 249.61 g => Cco = 249.61 g/1000 m 3 _1000 = 249.61 mg/m' equivalent to
218.00 ppm.

N0 2 = 52.13 g*0.99 = 51.61 g => C N02 = 51.61 g/1000 m 3 *1000 = 51.61 mg/m' equivalent lo 27.44
ppm.
= 12.28 g-0.99 = 12.16 g => C S02 = 12.16 g/1000 m 3 -1000 = 12.16 mg/m' equivalent to 4.65
ppm.

S02

Aniline black = 0.75 g-0.99 = 0.743 g => CAnil'neblaek = 0.743 g/1000 m 3 _1000 = 0.743 g/m' equivalent lo 0.03 ppm.
p-Toluene sulphonic acid= 6.44 g-0.99 = 6.376 g => Cp.Toluene sulphon,e ae,d= 6.376 g/1 000 m 3 _1 000 =
6.376 mg/m' equivalenl lo 0.91 ppm.
Hexamethylenetelramine = 6.44 g-0.99 = 6.376 g => CHe"me",ylene,el,amine = 6.376 g/1 000 m 3 _1 000 =
6.376 mg/m' equivalent lo 1.12 ppm.
Carbamide = 5.49 g-0.99 = 5.435 g => Ccaroamide = 5.435 g/1000 m 3 -1000 = 5.435 mg/m' equivalenl to 2.22 ppm.
Bisphenol-A = 9.53 g-0.99 = 9.43 g => CB"phenol-A = 9.43 g/1000 m 3 _1000 = 9.43 mg/m' equivalent
lo 1.01 ppm.
Polyelhylene=> negligible
Polyelhylene lerephlhalale fibres = 14.13 g-0.99 = 13.989 g => CPo',eth,'ene le,ephthalate Iib,es = 13.989
g/1000 m 3 _1 000 = 13.99 mg/m'
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Worst Case assessment (at 1000°C):
Assumption:
1. Minimum room size = 10m 2 • Floor-to-ceiling height = 2.5 m => V",om = 25 m 3 .
2. Chimney height = Floor-to-ceiling height*safety factor = 2.5 m*2 = 5 m.
3. Diameter = 150 mm (according to information from SWEDCERT) => weight of product = 5
m*1400 g/m = 7000 g.
4. Approx. 1% of the compounds vaporising at approx. 1000°C enters the room, e.g. through
leaks, open windows, fireplaces, etc. The remainder is given off to the surroundings and is
thinned approx. 1000 times before being inhaled.
5. Organic compounds decompose to
N0 2 , 50 2 •

ca,

At 1000°C DTC assesses, that the following compounds decompose/vaporise:
Carbon black, aniline black, p-toluene sulphonic acid, hexamethylenetetramine, phenol-formaldehyde resin, furan resin, carbamide, bisphenol-A, polyethylene and polyethylene terephthalate
fibres.

ca may be generated.
Aniline black occurs with 0.11 % in the material. Approx. 0.056% ca and 0.015 % N0 may be

Carbon black occurs with 1.34% in the material. Approx. 1.34%

2

generated.
p-Toluene sulphonic acid occurs with 0.94% in the material. Approx. 0.460%
may be generated.

ca and 0.179% 50 2

Hexamethylenetetramine occurs with 0.94% in the material. Approx. 0.470%
may be generated.

ca and 0.376% NO,

Phenol-formaldehyde resin occurs with 29.65% in the material. Approx. 23.5%
erated.

ca may be gen-

ca may be generated.
Carbamide occurs with 0.80% in the material. Approx. 0.160% ca and 0.376% N0 may be genFuran resin occurs with 7.96% in the material. Approx. 6.0%

2

erated.
Bisphenol-A occurs with 1.39% in the material. Approx. 1.098 %

ca may be generated.

Polyethylene occurs with a very thin layer of 120 ,lm and the contribution of mainly
can be neglected.

ca compounds

Polyethylene terephthalate fibres occur with 60 g/m 2 . Pipe area is A=2*1 ]*r*h = 2*n*0.075m*5m =
2.355 m 2 . Total polyethylene terephthalate fibres quantity = 2.355 m"60 g/m 2 = 141.3 g. Approx.
60% is transformed into
compounds => 141.3 g'0.6 = 84.78 g.

ca

L

ca

L

N0 2 = 0.015% + 0.376% + 0.376% = 0.767%

= 1.34% + 0.056% + 0.46% + 0.47% + 23.5% + 6.0% + 0.160% + 1.098% = 33.08% (+
84.78 g)
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L: S02 = 0.179%
As the amount of polyethylene terephthalate is stated in g/m 2 the product amount minus PET-fibres
can be calculated => mpmduct - mpEHb,es = 7000 g - 141.3 g = 6858.7 g.
Thus all compounds can be calculated in g:

CO => 6858.7 g*0.3308 = 2268.86 g + 84.78 g = 235364 g
N0 2 => 6858.7 g*0.00767 = 52.13 g

S02 => 6858.7 g*0.00179 = 12.28 g
We have assumed that by accident 5% of the compounds could ooze into the room. This would
result in the following concentrations in the room due to FuranFlexlFuranFix.

CO = 2353.64 g*O.Ol = 23.54 g => Cco = 23.54 g/25 m 3 *1000 = 941.46 mg/m' equivalent to
822.23 ppm.

N0 2 = 52.13 g*O.Ol = 0.52 g => CN02= 0.52 g/25 m3 *1000 = 20.85 mg/m' equivalent to 11.08
ppm.

S02 = 12.28 g*O.Ol = 0.12 g => CS02 = 0.12 g/25 m'*1000 = 4.91 mg/m' equivalent to 1.87 ppm.
95% of the compounds will be emitted to the surroundings.

CO = 2353.64 g*0.99 = 2330.10 g => Cco = 2330.10 g/1000 m 3 *1000 = 2330.10 mg/m' equivalent
to 2035.02 ppm.

N0 2 = 52.13 g*0.99 = 51.61 g => CN02 = 51.61 g/1000 m'*1000 = 51.61 mg/m' equivalentto 27.44

S02 = 12.28 g*0.99= 12.16 C S02 = 12.16 g/l 000 m 3 *1000 = 12.16 mg/m' equivalent to 4.65.
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