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uses AND EMISSIONS OF LIQUID PFC heat TRANSFER FLUIDS FROM THE ELECTRONICS SECTOR Office of Air and Radiation Office of Atmospheric Programs, Climate Change Division EPA-430-R-06-901 1. 0 INTRODUCTION This report presents the results of initial research on the uses of LIQUID perfluorinated compounds (PFCs) as heat TRANSFER fluids (HTFs) materials to manage heat throughout the electronic sector. The information was obtained from searches of the Internet using the search engine provided by Google. The objective of the searches was four-fold: Identify major uses and suppliers of LIQUID PFCs employed as heat TRANSFER fluids; Identify leading users suppliers/manufacturers of equipment that employ LIQUID PFCs and manufacturers of devices, device assemblies, and electronic products, which included the consumer, industrial and military sectors; Identify published estimates of air EMISSIONS and trends of LIQUID PFCs employed as HTFs i
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    	Transcription of USES AND EMISSIONS OF LIQUID PFC HEAT TRANSFER …


        
    	1 uses AND EMISSIONS OF LIQUID PFC heat TRANSFER FLUIDS FROM THE ELECTRONICS SECTOR Office of Air and Radiation Office of Atmospheric Programs, Climate Change Division EPA-430-R-06-901 1. 0 INTRODUCTION This report presents the results of initial research on the uses of LIQUID perfluorinated compounds (PFCs) as heat TRANSFER fluids (HTFs) materials to manage heat throughout the electronic sector. The information was obtained from searches of the Internet using the search engine provided by Google. The objective of the searches was four-fold: Identify major uses and suppliers of LIQUID PFCs employed as heat TRANSFER fluids; Identify leading users suppliers/manufacturers of equipment that employ LIQUID PFCs and manufacturers of devices, device assemblies, and electronic products, which included the consumer, industrial and military sectors; Identify published estimates of air EMISSIONS and trends of LIQUID PFCs employed as HTFs in the electronic sector; and Identify options for estimating EMISSIONS from the top emitting sources.
2 During the manufacture of semiconductor devices, HTFs serve as coolants in chillers, removing excess heat during many manufacturing processes. During semiconductor device testing, containers of HTFs are cooled or heated to a desired temperature into which the devices are immersed to test their integrity. In addition, when testing the function of devices, HTFs are used to remove the heat the devices generate while being tested. HTFs are also used to attach semiconductor devices to circuit boards via solder, which may be melted by the vapor of an HTF heated to its boiling point. HTFs may also serve to cool semiconductor devices and other devices or systems that generate high heat during operation.
3 The remainder of this report consists of seven additional sections. The next section, Section 2, describes the physical and chemical characteristics of LIQUID PFC HTFs for electronic manufacturing. Section 3 presents the history of LIQUID PFC uses in the electronics sector, which is followed, in Section 4, by detailed descriptions of the current uses , focusing on the quantities used and the factors that govern selection of HTFs. In Section 5, annual EMISSIONS are estimated for each use. Section 6 presents the distribution of sources (users of HTFs) in light of the current and evolving structure of the electronics sector. Section 7 describes three options for estimating EMISSIONS , based on the information obtained from this initial research.
4 The last section proposes additional 1 work aimed at clarifying the distribution of sources, the relative proportions of HTF use among competing technologies as well as the modes and amounts of EMISSIONS from LIQUID PFC HTFs. CHARACTERISTICS OF LIQUID PFCS Tuma reported that for managing heat loads in the electronic sector, liquids are sought that have high dielectric strengths, acceptable thermal conductivities and are also inert and safe. Perfluorocarbon (PFCs) liquids possess these properties (Tuma, 2003). Among these liquids are fully fluorinated linear, branched or cyclic alkanes, ethers, tertiary amines and aminoethers, and mixtures thereof.
5 The chemicals can be straight chains, branched or cyclic, or a combination thereof (such as alkylcycloaliphatic and cycloethers) and are saturated ( , free of ethylenic, acetylinic or aromatic unsaturated parts). The skeleton can include catenary oxygen, trivalent nitrogen heteroatoms, or both, providing stable links between fluorocarbon groups that preserve the inert character of the compound (3M, 1991). Also among the PFC liquids with the desired properties for the electronics sector are perfluoropolyethers and mixtures thereof (Solvay Solexis, 2004).1 The searches revealed two global manufacturers of LIQUID PFC HTFs. Solvay Solexis offers the perfluoropolyethers (often as mixtures) under the trade name GaldenTM ( , GaldenTM HT-135) with a practical temperature range of -40oC to +120oC for use in chillers; other Galden fluids are useful at higher temperatures ( , DO2-TS, up to 160OC in thermal shock testing (TST) and LS/215 up to 215OC) (Solvay Solexis, 2004).
6 3M also offers, perfluoroalkanes, perfluoroethers and tertiary perfluoroamines under the trade names FluorinertTM ( , FluorinertTM FC-3283), with a practical temperature range of -40oC to +120oC for use in chillers; other Fluorinert fluids are useful at higher temperatures ( , FC-5320 is used in TST up to 160OC and FC-70 up to 215OC (3M, 2004). Galden and Fluorinert fluids have molecular weights between 350 to 820 g/mole. Occasionally krytox , a product of DuPont, appeared in the searches as a heat TRANSFER 1 The molecular formulas for the simpler classes of fully-fluorinated compounds are: perfluoropolyethers, CF3-(O-CF(CF3)-CF2)n-(O-CF2)m-O-CF3; perfluoroalkanes, CnF2n+2; perfluoroethers, CnF2n+1(O)CmF2m+1; perfluorocyclic ethers, CnF2nO; tertiary perfluoroamines, (CnF2n+1)3N.)
7 In these compounds, n>6 and m>2-3. FC-72, for example, consists mostly of C6F14 with a boiling point of 56OC, while FC-75 is mixture of C8F18 and c-C8F16O with a boiling point of 102OC. 2 fluid. However, according to DuPont product literature, krytox fluids, while being a perfluoropolyether (like Galden), serve only lubricant markets (DuPont, 2004). The molecular weights of krytox fluids are high between 1177 and 6034 g/mole, consistent with krytox being lubricants (oils and greases) not heat TRANSFER fluids (DuPont, 2004). The dielectric properties and chemical inertness of Galden and Fluorinert liquids make them particularly attractive as heat TRANSFER media in electronic fabrication, testing, assembly and operation.
8 Their very high dielectric strengths and stable resistivity provide a dielectric barrier and reduce energy losses ( , stray currents) from the high fluctuating voltages and magnetic fields present in etching and CVD chamber environments. In addition, despite their relatively low thermal conductivities (compared to water), they possess other properties that make them useful HTFs, including, a wide range of boiling points, high densities, low viscosities, low pour points, low surface tension, and high thermal and chemical stability. Their compatibility with metals, plastics and elastomers makes these fluids attractive in thermal testing, reflow soldering as well as temperature control during device or system operation.
9 They are odorless, nonflammable, nonexplosive, evaporate cleanly and are practically non-toxic, which results in easier safe usage and storage (Tuma, 2003). Typical HTFs such as Galden and Fluorinert are encumbered by their relatively high vapor pressures, estimated long atmospheric lifetimes, and relatively strong absorbance of infra-red radiation, which indicates that, if not contained, their potential contribution to global warming is a concern. The few published reports indicate that the global warming potentials (GWPs) of LIQUID PFCs are similar to the gaseous PFCs used in semiconductor device and TFT-FPD (thin film transistor flat panel display) manufacture EMISSIONS that are currently being controlled globally (see Table 1).
10 3 Table 1: PFC Gases and Liquids Used in the Manufacture, Testing and Operation of Electronic Components and Systems Gas(1)/Liq., Global (Typical Molecular weight Warming Comment, Material SourceBoiling (Avg. for liquids) Potential (100 GWP values CF4 Gas 31 6500 SAR C2F6 Gas 138 9200 SAR C3F8 Gas 188 7000 SAR c-C4F8 Gas 200 8700 SAR CHF3 Gas 70 11700 SAR NF3 Gas 71 8000 Molina et al, 1995 SF6 Gas 146 23900 SAR point, oC) yr time horizon) TAR(2) FC-87 30 290 8900 T&T, 2001 FC-72 56 340 9000 T&T, 2001 TAR, C6F14 HT-70 70 410 9000 T&T, 2001 TAR, C6F14 T&K(3)
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