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ABSTRACT 

Graphitized carbon fibers have potential applications owing to their excellent electrical, 

mechanical, thermal and optical properties. Thermal transport and laser absorption properties are 

the fundamental parameters for the thermal design, but difficult for determining due to their very 

small characteristic sizes. In this study, we systematically investigated the temperature 

(T)-dependent apparent thermal conductivity (a), thermal conductivity (), thermal contact 

resistance (Rc, between sample and heat sink) and laser absorptivity () of an individual 

graphitized carbon fiber using a non-contact Raman method. This method and the experimental 

system were verified by comparing the measured thermal conductivity of a 10.0 μm diameter 

platinum wire with the standard data. The measured  of this graphitized carbon fiber decreases 

from 372.4 to 330.1 W/(mK) as T increases from 338 to 496 K, indicating the three-phonon 

Umklapp scattering rate increases with temperature. Rc increases with T from 3.44103 to 

6.35103 K/W in this experimental temperature range, and the laser (488 nm wavelength) 

absorptivity is determined to be 0.90±0.02.   

Keywords: Raman spectroscopy, Non-contact measurement, Graphitized carbon fiber, Thermal 

conductivity, Thermal contact resistance, Laser absorptivity 

1. Introduction 

Miniaturization of electronic devices have greatly 

improved the performance and reduced the costs [1-3]. 

Problems arise, however, the greatly decreasing of 

characteristic size and increasing of power 

consumption yielded an unprecedented high level of 

generated heat fluxes [4,5]. At this stage, high 

temperature and high heat fluxes are at the forefront 

hindering micro-electro-mechanical systems (MEMS) 

progress [6-8]. Thermal transport properties of 

micro/nano devices are important parameters for their 

thermal design and thermal management. Besides, the 

optical antenna effects of micro/nano wires are 

designed to increase the photovoltaic and photothermal 

conversion efficient [9,10]. In recent years, several 

original measurement methods for determining thermal 

transport properties or optical absorption properties of 

micro/nano wires had been presented [11-15]. However, 

the integrative characterization of thermal conductivity, 

thermal contact resistance and laser absorptivity for 

individual micro/nano wire is challenge. 

Raman spectroscopy is a powerful tool for structure 

characterization and temperature measurement [16,17], 

which has been applied in the local temperature 

measurement for carbon [18-24], silicon [25,26] and 

germanium [27] based crystalized materials. In graphite 

structures, the elongation of C-C bonds due to thermal 

expansion resulted in their Raman spectrums redshift 

ACCEPTED M
ANUSCRIP

T



Download English Version:

https://daneshyari.com/en/article/7061972

Download Persian Version:

https://daneshyari.com/article/7061972

Daneshyari.com

https://daneshyari.com/en/article/7061972
https://daneshyari.com/article/7061972
https://daneshyari.com

