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Laser Annealing of Carbons
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Laser processing of materials is not new, but, using lasers to anneal, bond and otherwise 
transform carbons is. Fundamental understanding of the annealing dependence upon carbon 

structure, morphology and chemistry is critical to implementing this technology into manufacturing 
and processing applications. In this work a Q-switched Nd:YAG laser and a continuous wave 
CO2 laser are used to anneal carbon materials. Lasers provide rapid heating and cooling with 
high temporal control. The extent of transformation is kinetically controlled by time above the 
threshold temperature for transformation. Enabling the production of carbon structures not 
possible via traditional furnace annealing. Under the action CO2 laser radiation carbon can 
be heated to 2,600 °C in 1.4 ms. After 20 s, the structure is equivalent to that obtained from 
furnace annealing at 2,600 °C for 1 hr. as has been shown elsewhere. In contrast a Q-switched 
Nd:YAG laser with pulse width ~ 8 ns heats carbon materials to graphitization temperatures 
with a heating rate on the order of a few 1011 °C/s. The peak temperature is controlled by 
the laser pulse energy;  typical temperatures range between 2,500 °C to the C2  sublimation 
temperature of  4,184 °C.  The time at elevated temperature is limited (time above 2,000 °C is 1.5 
µs). On this time scale, the long-range material motions are kinetically restricted. Consequently 
the Nd:YAG laser annealing trajectory deviates from traditional furnace pathways. The limited 
time at elevated temperature can be used for the purpose of surface modification. Surface 
modification via kinetically limited oxidation is one potential application. Another application is 
making connections between carbons without additional material. 
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