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Executive Summary



 

The preliminary results from the work conducted in 1998 as a part of the FiRe-LCA TV Case Study are contained in this report.

The experimental results presented include Cone Calorimeter analyses of FR and NFR TV backplates and US and Swedish TV PWBs. These results show that the FR material produces more products of incomplete combustion per mass unit of material burned. These results arc specific for this test method and cannot be directly extrapolated to large scale fire behaviour. Further, preliminary results from fire experiments on full TVs are presented. These results will provide input to the LCA model once full chemical analyses are available.

The LCA model requires large amounts of input data that has been partially collected in this first phase of the TV Case Study. The available information is summarised and remaining work outlined.

The recycling work has been somewhat delayed but information is presented concerning the planned work based on developments in the latter part of 1998, and timing for 1999. It is anticipated that full results for this part of the TV Case Study will be completed by late February. 1999.

Work underway is presented for both the Incineration and Landfill part of the TV Case Study. The Incineration work has turned up some interesting information concerning full scale work that has been done locally concerring the effect of the addition of large amounts of TV backplates to the fuel stream of a waste combustor in Göteborg. Investigation of this work will continue.

Finally, two draft articles are included as appendices. The first concerns interpretation of fire statistics concerning burning TVs throughout Europe and North America. The second is a presentation of the LCA straw model accepted for the Interflam '99 conference to be held in Scotland mid-1999.
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1 Introduction

The FiRe-LCA project officially started in September 1998 after completion of a Preparatory Study where a straw LCA model was defined, both in general terms and for the specific case studies included in the project. This report contains information concerning the work that has been completed in the latter part of 1998 within this project.

This report should be considered an internal project document and should not be released to the general public prior to its discussion at the next project meeting, January 26th, 1999.


2 Fire Statistics

A large body of fire statistics are available world-wide concerning fires in audio-visual equipment. A great deal of these statistics had been collected by EBFRIP as a part of their previous project concerning TV fires and flammability. This material has been given to Margaret Simonson and provides the basis for the TV Fire Statistics article given in Appendix 1. The statistics available at the start of this project have been supplemented by material in Swedish and by interviews with Swedish officials from the Swedish Electrical Commission.

In general the results show that a figure of approximately 100 TVs/million burn in Europe each year due to internal ignition sources and a further 65 TVs/million due to external sources. The distribution according to size of the fire is based on German results summarised in Table 2.1.


Table 2.1: Severity of TV set fires in Germany










	Severity
	Frequency(%)
	% used in model
	Category in LCA model



	Fire restricted to the TV
	30-40
	35
	minor



	Fire spread beyond the TV and causing damage to the property
	40-60
	53
	full TV



	Fire causing severe damage to the room and
	<5
	5
	full room



	Fire causing major damage to the entire dwelling
	<5
	5
	full house



	Fire completely destroying the building
	<2
	2
	full house







A further 160 TVs/million are classified as being involved in fires by insurance companies but the ‘fires’ are restricted to inside the TVs and correspond to the category of ‘minor’ primary fires in the LCA model. This means that the model proposed as a part of the Preparatory Study for Europe is changed slightly. The results are summarised in Table 2.2. At present it is assumed that the model proposed for USA is unchanged.


Table 2.2: Emissions from fires associated with burning NFR TVs in one year.










	Type of fires
	Size
	Fire Emissions
	Other Emissions



	Primary Fires



	107
	88 × full TV
	88 × CO2(TV1-B)
	88 × CO2(TV1-P)



	8 × full room
	8 × CO2(TV1-Room)
	8 × CO2(Room-P)



	11 × full house
	11 × CO2(TV1-House)
	11 × CO2(House-P)



	218 - minor
	30% replacement
	N.A.
	0,3 × 218 × CO2(TV1-P)



	Fire brigade
	107 fires
	
	107 × CO2(Fire Brigade)



	Secondary Fires



	4- house fires
	6 × full TV
	6 × CO2(TV1-B)
	6 × CO2(TV1-P)



	TOTAL
	
	94 × CO2(TV1-B) +
 8 × CO2(TV1-Room) +
11 × CO2 (TV1-House)
	153 × CO2(TV1+P) +
 8 × CO2(Room-P) +
 11 × CO2 (House-P) +
 107 × CO2(Fire Brigade)









3 Fire Experiments


3.1 Choice of TV

In order to focus on the effect of flame retarding the backplate of a TV or not it was decided that we should attempt to obtain two makes of the same model TV: one with and one without FR. Discussions were held with Philips in Sweden concerning the possibility of their participation in this project. Initially they were quite optimistic and throughout they were very helpful. It seems, however, that it is difficult for them to participate in this project specifically due to its delicate nature. They did, however, recommend that we get in touch with Peter Evans at EACAM. This contact was made and the report from the Preparatory Study was sent to Dr Evans. He also was very interested in the work but felt that at this point EACAM could not actively participate. EACAM has promised to send statistics concerning the market shares of TV manufacturers throughout Europe that they are presently compiling. This material has not been forthcoming as yet but should provide a support for the relevance of the choice of TV manufacturer in this study as it is anticipated that Philips will be a market leader in Europe.

Despite the fact that Philips was unable to actively participate in the project their TVs have been chosen due to the fact that they are certainly not FR in Europe while their US counterpart (Magnavox) certainly is FR. On the recommendation of Philips in Sweden a choice of 27-28” was made for the screen size as the majority of European TVs sold lie in this class.

Throughout all experiments the brand name on the TV has been obscured. We aim to highlight general behaviour rather than pin-point a specific brand.

Two equivalent models of Philips TV sets were purchased for the fire tests. The non- flame retarded model was purchased in Sweden. The flame retarded model was purchased in the USA. The presence of brominated flame retardants in the model bought in the USA was confirmed by Great Lakes Chemicals laboratory before shipping to Sweden. A sufficient number of TV sets of each model was purchased to assure that exactly the same model could be used in the different types of experiments planned.

Strictly speaking it may be misleading to call one TV ‘FR’ and the other ‘NFR’, as they may both have FR and NFR parts. Thus, throughout the rest of the report they will be referred to as the ‘Swedish’ TV (= ‘NFR’) and the ‘US’ TV (= ‘FR’), designating the country of purchase.


Table 3.1: Data on US TV-set.









	Manufacturer
	Philips (Magnavox)



	Manufactured
	August 1998 and September 1998



	Model no.
	TS 2744 C106



	Chassis model no.
	27B700-7562



	Circuit board model no.
	EMB780A002



	Weight of TV-set (kg)
	31.4 kg



	Weight of combustible material (kg)
	ca. 6.5 kg










Table 3.2: Data on Swedish TV-set.









	Manufacturer
	Philips



	Manufactured
	February 1998



	Model no.
	28PT4473/11



	Weight of TV-set (kg)
	33.6 kg



	Weight of combustible material (kg)
	ca. 6 kg









The weight of combustible material as cited in tables 3.1 and 3.2 was estimated by dismantling one TV of each kind and weighing the major components.




3.2 Analysis of materials

The TV housing, backplates and a representative printed circuit board (PWB) were analysed for specific important compounds. The composition data was important for prediction of fire gas products and also valuable in the assessment of the fire test results.

For the sake of clarity let us define the housing as the material immediately surrounding the picture tube and the backplate as the material moulded in a single piece, extending from the housing to cover the back of the TV.


3.2.1 Analysis of TV housing and backplate

This material was analysed mainly regarding the amount and composition of flame retardants. Samples were extracted both from the housing and from the backplate. First a semi-qualitatively analysis of the inorganic composition using wavelength dispersive X-ray fluorescence (XRF-WD) was made.


Table 3.3: Results from semi-qualitative XRF-analysis of inorganic compounds.









	Component of TV-set
	Major inorganic compounds
	Minor inorganic compounds



	Housing, Swedish TV
	
	Si, Na, Al, Zn, Br, Fe, Ti



	Backplate, Swedish TV
	
	Ti, Fe, Ca, Zn, Si



	Housing, US TV
	Br, Sb
	Al, Si, S, Zn, P



	Backplate, US TV
	Br, Sb
	Al, Si, S, Zn, Mo, P, Se







The results from the XRF-analysis showed that the amounts of Br and Sb were approximately the same in the housing and in the backplate from the fire retarded TV. This led us to the assumption that the same material was used in both cases.

A quantitative analysis of Bromine (Br), Antimony (Sb) and Phosphorus (P) was made on the samples from the backplates of the TV-sets. The samples were combusted in a bomb with an excess of oxygen, and the analysis was performed with ICP-MS. Only preliminary results are available at present but these indicate the presence of Br and Sb in the US TV of the order indicated from an analysis performed in the US by GLCCs laboratories, and no Br or Sb in the Swedish TV.



3.2.2 Analysis of circuit boards

The circuit boards in the two different models of TV-sets were, as could be seen by visual inspection, not of the same type. The circuit boards differed both in colour and shape. Quantitative analysis of the material was made to determine the presence of flame retardants. The samples were combusted in a bomb with an excess of oxygen, and the concentrations of Bromine (Br), Antimony (Sb) and Phosphorus (P) were determined by ICP-MS. Only preliminary results are available at present but these indicate the presence of Br and Sb in the US TV PWB, and no Br or Sb in the Swedish TV.

Initially the aim was to have similar PWBs in both TVs but we have not succeeded in this objective.



3.2.3 Analysis of chlorine in wire sheathing

The presence of chlorine in the TV-sets was one important issue for the analysis of dioxins in the fire tests. The wires in the TV were considered to be the main source of chlorine. Four different kinds of wires were selected for analysis in both types of TV- sets. Chlorine was qualitatively determined in the wire sheathing material by XRF-WD. High amounts of chlorine were detected in all wire sheathing tested and it is assumed that the sheathing material is PVC.




3.3 Cone calorimeter experiments


3.3.1 Aim

Cone Calorimeter experiments have been conducted in order to ascertain the approximate burning behaviour of the US and Swedish backplates and PWBs. The results cannot be extrapolated directly to large scale behaviour but will provide guidance as to the types of products expected from the large scale experiments. The production of large amounts of soot, for example, will help determine measurement flow rates for the adsorbent measurements. Similarly, the relative production of HBr from the backplates and PWBs from the same TV should give some indication of the importance of these two parts of the TV in producing brominated compounds.



3.3.2 Test configuration

The fire tests were performed in the cone calorimeter fire test apparatus (ISO 5660). The sample had a dimension of 0.1 m x 0.1 m, and the external radiation from the cone was 35 kW/m2. The parameters measured related to fire performance were: heat release rate (HRR), time to ignition and mass loss rate (MLR). The concentrations of carbon dioxide (CO2) and carbon monoxide (CO) were measured by IR-technique as an integrated part of the calorimetric system.

Additional analysis of the smoke gases was made using several different techniques. On- line FTIR measurements were made, mainly focused on medium sized inorganic gases such as HBr, HCN and NO. Further, the amount of Antimony (Sb) in the smoke gases was determined using wet sampling and subsequent analysis by ICP-OES. For organic components (VOCs and PAHs) in the smoke gases Tenax and XAD-2-adsorbents were used respectively. In this technique the organic components in the smoke gases are accumulated on the adsorbent material over a specific time period, and the identity and amounts of adsorbed compounds were determined by gas chromatography-mass spectrometry (GC-MS). For calculation of the amounts of VOC a flame ionisation detector (FI])) was used, and the results were presented as toluene equivalents. Specifically for the sampling of PAH, a sampling system consisting of: a cold-trap, filter and the XAD-2 adsorbent were used. Analyses for six different selected PARcompounds were made on the total sample.

The output from the cone (35 kW/m2) was a trade-off between a lower value which would have caused the NFR material to burn but not the FR material and a higher value which would have possibly resulted in a ‘clean’ burning behaviour. These results cannot be directly related to the large scale results, although general comparisons can be made.



3.3.3 Cone Calorimeter Results


3.3.3.1 Fire performance

The fire performance results for the cone calorimeter are summarised in Table 3.4.


Table 3.4: Fire performance parameters for the cone calorimeter experiments.











	Parameter
	Backplate (Swedish)
	Backplate (US)
	PWB Swedish)
	PWB (US)



	Time for average
	0 - 6
	0 - 6
	0 - 3
	0 - 3



	Time to ignition (s)
	47
	72
	68
	52



	Peak HRR (kW/m2)
	613
	297
	406
	424



	Average HRR
	352
	162
	123
	124



	Peak mass loss (g/s)
	0.18
	0.22
	0.21
	0.27



	Average mass loss
	0.10
	0.10
	0.06
	0.08



	Peak smoke (m2/kg)
	1939
	2445
	544
	675



	Average smoke
	1093
	1698
	268
	389









3.3.3.2 Fire products

As could be seen from the data on fire performance, the mass loss rates both for backplates and PWBs were approximately equal between both types of TV-sets. This fact makes it possibly to use concentration data in comparison of fire products.

A comparison of the fire gases measured on-line can be found in figure 3.1 for the backplate tests, and in figure 3.2 for the PWB tests. Unfortunately an error occurred in the collection of FTIR-data in parts of the two tests on backplates. Thus, the concentrations of e.g. HBr, HCN and NO were not recorded during the whole tests.


[image: fig101_3_1_B.tif]
Figure 3.1: Comparison between HRR, mass loss, and species production for the US (designated ‘FR’ in the figure keys) and Swedish (designated ‘NFR’ in the figure keys) backplates.


These results show that the US backplate produces much less heat (HRR) when it burns than does the Swedish backplate which can be related to the risk of material nearby igniting. Further, the US backplate produces more incomplete combustion products (CO) and less complete combustion products (CO2) that the Swedish material.


[image: fig101_3_2_B.tif]
Figure 3.2: Comparison between HRR, mass loss, and species production for the Swedish (designated ‘NFR’ in the figure keys) and American (designated ‘FR’ in the figure keys) PWBs.


These results show similar heat release and CO2 production for both PWBs. Slightly more CO was produced by the US PWB than the Swedish PWB and no HBr was detected when the Swedish PWB burned implying that this PWB does not contain a brominated FR. This is confirmed by the chemical analysis of the PWBs shown in section 3.2.2. Both HCN and NO were produced in larger amounts by the US PWB.

Antimony was found in the smoke gases from the US backplate and the PWBs. In Table 3.5 the total amounts Antimony produced and the relative mass yields can be found. The concentrations found in the absorption solutions from the PWBs were low. In the case of the US PWB the level was close to the determination limit.


Table 3.5: Results from analysis of Antimony (Sb) in the smoke gases.









	Test
	Amount Antimony (g)
	Yield Antimony (%)



	American backplate
	1.4
	3.7



	American PWB
	0.007
	0.04



	Swedish PWB
	0.022
	0.1







The results on organic compounds are summarised in Table 3.6. The abbreviation VOC stands for “Volatile Organic Compounds”. The compounds adsorbed and analysed are in the molecular weight range of 7S-200. Data of the six individual PAH compounds summarised in the table can be found in Table 3.7. All results are expressed as Toluene equivalents, i.e., when quantifying the concentrations one has assumed that each compound has the same response as Toluene.

As can be seen from Table 3.6, the US backplate (FR) produces higher amounts both of VOC and PAH, than the Swedish (NFR) backplate. Similarly, a higher production of PAH is found from the American PWB.


Table 3.6: Summary of results on VOC and PAH.











	Parameter
	Backplate (Swedish)
	Backplate (US)
	PWB (Swedish)
	PWB (US)



	VOC yield (mg/g)
	14,9
	59,8
	22,1
	22,3



	PAH yield (sum of 6 substances, mg/g)
	0,40
	1,69
	0,13
	0,43








Table 3.7: Percentage yields of the 6 analysed individual PAH compounds. Note that the low molecular-mass compounds dominate in all cases.

[image: table]


The main constituents of VOCs adsorbed on Tenax are presented in Table 3.8, as percentages of the total VOC yields (% peak area of total RD area). The identification of individual VOC compounds showed that the VOCs from the backplates were mainly mono- and di-aromatic hydrocarbons such as benzene, styrene and naphtalene. From the circuit boards, benzene, phenols and furufural dominated.


Table 3.8: Percentage yields of the main individual VOC compounds.

[image: table]


Some other minor VOC substances identified in the gas samples include:

Swedish Backplate: ethylbenzene, bensaldehyde, methylnaftalenes, benzofurane, propenylbenzene.

US
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