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Quad Chart 

Problem / Need​
• Solid phase, reusable, environmentally friendly 
thermal interface materials​
• Top of the market liquid metals have thermal 
conductivities of ~ 50 W/m·K 

• Market standards are single use, environmentally 
incompatible, and consist of materials toxic to 
humans.  

 

Approach / Solution​
• Leverage thermal properties of diamond and 
graphene to create solid phase thermal interface 
materials​
• Biodegradable, theoretical conductivity 5x that 
of liquid metal​
• Synthesis of diamond/graphene composite is 
successful (71.68 W/m·K), 
compression/mechanical optimization is necessary 

Impact / Benefits​
• Reusability increases the lifespan of these 
composites, offering an environmentally friendly 
alternative to typical thermal pastes.​
• Increased heat flow allows chips to operate at 
cooler temperatures, increasing efficiency and 
design flexibility.​
• More efficient devices will allow more 
computations per unit power, ultimately helping 
grid sustainability.  

Current Status / Next Steps​
• Graphene/Diamond and Diamond/ecoflex 
composites have been made (71.68 W/m·K and 
49.64 W/m·K)​
• Diamond/ecoflex composite is mechanically 
robust, fit for implementation in devices​
• Optimization of our graphene compression 
process is needed to maximize compression and 
vertical alignment of nanoplatelets, increasing 
performance and mechanical stability 

 
Purpose 

Modern computing and power devices generate substantial heat during operation due to resistive losses in 
their circuitry. Efficient thermal management is critical to ensure device reliability, energy efficiency, and 
design miniaturization. Thermal interface materials (TIMs) play a vital role by improving thermal contact 
between heat generating components and heat sinks, replacing air gaps with materials that have superior 
thermal conductivity. 

The purpose of this project is to design and characterize solid phase thermal interface materials that 
combine high thermal conductivity, low elastic modulus, reusability, and environmental compatibility. 
Motivated by the exceptional thermal properties of graphene and diamond, whose intrinsic thermal 
conductivities exceed 2000-4000 W/m·K, we fabricated a series of composite materials of two different 
types: diamond/ecoflex composites with the ecoflex acting as a matrix with diamond conductive 
particles—similar to the working mechanism of typical thermal pastes–and graphene/diamond 
composites. Through experimental characterization of thermal performance and comparison with 
conventional TIMs, our goal was to evaluate their feasibility for future integration into electronics cooling 
applications. 

Background & Approach 

Thermal interface materials aim to fill the air gaps between the heat generator and heat sink with a 
material that has a thermal conductivity greater than air, ultimately maximizing heat flow from the power 
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Methods 

Synthesis of Diamond/Ecoflex Composite TIMs 

The diamond/Ecoflex composites were prepared by mixing equal parts (0.5 g each) of Ecoflex 00-20 parts 
A and B to obtain 1 g of Ecoflex matrix. To this, 5 g of synthetic diamond powder (Sigil Chemical) was 
added, and the mixture was stirred thoroughly to ensure even dispersion. The ratio of diamond powder to 
ecoflex was found to be optimal for thermal results and mechanical properties during our time in Nano 
120A, with particle size being a near non-factor. The viscous solution was poured into a mold and cured 
at room temperature for approximately 5 hours. This process yielded a flexible, solid phase thermal 
interface material with improved thermal properties. After curing, the composite samples were cut into 
standardized dimensions for thermal characterization. 

 

Figure 2 | Synthesized Diamond/Ecoflex Composites. a, The left three images show a synthesized 
composite immediately after curing, b, the right two images show SEM images of the ecoflex matrix, and 
embedded diamonds. 

Synthesis of Graphene/Diamond Films 
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Figure 3 | Parts of the Vacuum Filtration Apparatus. a, The funnel component. This component sits 
atop a vacuum flask. b, The filter component. This component clamps down on a piece of PTFE filter 
paper to ensure liquid may not travel around the PTFE filter paper on its way to the funnel. c, The 
distributor component. Upon pouring the liquid into the central inlet, the liquid is redistributed along the 
area of the filter paper. d, The vacuum filtration apparatus. A standard vacuum pump is coupled to two 
consecutive vacuum flasks which the vacuum filter funnel sits upon. 

Vacuum‑filtration assembly 

The filtration apparatus couples a standard vacuum flask to a custom 3‑D‑printed funnel (Fig. 1d). It 
comprises three elements: 

    • Funnel body – sits on the vacuum stage and directs flow to the membrane. 

    • Sealing dam – clamps the membrane to the funnel with M4 cap screws. 

    • Flow distributor – mounted above the dam; spreads the feed uniformly across the membrane. 

A rectangular PTFE membrane (33 mm × 220 mm; 0.22 µm pore size) is clamped between the dam and 
the funnel. 

 

Figure 4 | Parts of the Compression Capsule Apparatus. a, An overview of the compression capsule. 
b, The compression chamber. c, The compression clamp. d, The compressor. e, The base. f, The final 
assembled module. 

Compression capsule for monolith fabrication 

Complete CAD models and drawings are provided in the Supplementary Information. The capsule 
contains four functional groups (Fig. 2): 

    • Compression chamber – bed, slider, and stopper that confine and shorten the powder column. 

    • Clamp – columns, cap, and metal interface that preload the chamber and guide the slider. 

    • Compressor – retainer and plunger that transmit the external press load to the slider alone. 

    • Base – datum block that aligns and supports the above components. 
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