
Significance and Impact

This investigation has demonstrated that an effective one pot synthesis can be used on the 
Al4C3 precursor to generate a porous-carbon material with aluminum based nanoparticles that 
show promise for adsorption based applications.

Moran, C. M. et al., “Synthesis and Characterization of 
Aluminum Carbide-Derived Carbon with Residual Aluminum-
Based Nanoparticles” Carbon, 114, 482-495 (2017). 

Synthesis and Characterization of Aluminum Carbide-Derived Carbon

with Residual Aluminum-Based Nanoparticles

Research Details
– These materials were investigated at a range of etching temperatures from 300 to 900 °C and range of times from 

15 min to 6 h. By altering the etching time and temperature, the surface area, residual aluminum content, and 
pore size distribution can be tuned.

– A maximum surface area of 1126 m2 g-1 was observed for materials etched at 500 °C for 1 h. The pore size has 
shown to be tunable from ≤0.7 to 8 nm.

– Characterization of aluminum species present over this temperature range took place using solid-state 27Al NMR.

– The formation of crystalline α-Al2O3 was observed at etching temperatures of 700 °C.

Scientific Achievement 

This study on the etching process for producing 
carbide-derived carbons from Al4C3 provide detailed 
synthesis strategies for controlling not only the 
porosity and surface area of a carbide-derived carbon, 
but also the extent and type of residual metal 
nanoparticles embedded in the final structure.
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Sticky Note
In recent years, a class of tailorable porous-carbon materials, carbide-derived carbons (CDCs), have emerged as promising materials for hydrogen and methane storage, electrochemical energy storage, protein adsorption, and pollution removal from both water and air. A multitude of binary and ternary carbides are used as precursorsto CDC production. Along with precursor selection, the metal extraction method plays a significant role in the resulting CDC. Multiple methods may be implemented for metal removal, such as halogenation, hydrothermal treatment, and vacuum decomposition. An in-depth study on the etching process for producing CDCs from Al4C3 has been performed. These materials were investigated at a range of etching temperatures from 300 to 900 °C and a range of times from 15 min to 6 h. By altering the etching time and temperature, the surface area, residual aluminum content, and pore size distribution can be tuned. A maximum surface area of 1126 m2 g-1 was observed for materials etched at 500 °C for 1 h. The pore size has shown to be tunable from 0.7 to 8 nm. Interestingly, aluminum-based nanoparticles were observed via TEM and SEM for partially etched samples, with evidence of tunable metal species on the surface of the Al4C3-CDC samples at different etching temperatures between 300 and 700 °C. Characterization of the aluminum species present over this temperature range took place using solid-state 27Al NMR. The formation of crystalline α-Al2O3 was observed at etching temperatures of 700 °C. The results of this work provide detailed synthesis strategies for controlling not only the porosity and surface area of a carbide-derived carbon, but also the extent and type of residual metal nanoparticles embedded in the final structure



Aluminum-based nanoparticles were observed via TEM and SEM for

partially etched samples

• Evidence of tunable metal species on the 

surface of the Al4C3-CDC samples at 

different etching temperatures between 

300 and 700 C.

• For partial etching, aluminum based 

nanoparticles as well as aluminum based 

clusters on the surface of certain Al4C3-

CDC samples. 

• These particles have been observed to be 

present in larger quantities at lower 

etching temperatures with few observed 

at elevated temperatures up to 900 C.



Characterization of the aluminum species present 

using solid-state 27Al NMR

27Al MAS NMR data of Al4C3-CDC: (a) 300 
C for 1 h, (b) 500 C for 1 h, and (c) 500 C 
for 6 h.

Results indicate that the form of the 

aluminum at etching temperatures of 

300 and 500 C have a strong potential to 

be an amorphous composition of Al2O3, 

AlCl3, Al(OH)3 and BAC.

27Al MAS NMR data of Al4C3-CDC-
300-1h using a double resonance 
HMQC sequence. The only peak that 
has nearby hydrogens is the peak 
around 0 ppm.

(a) 27Al MAS NMR on Al4C3-CDC-700-1h 
spinning at 8 kHz (shown in black) including 
a fit (shown in red) utilizing previous 
parameters determined for α-Al2O3, CQ = 
2.38 MHz and ηQ = 0.0



Crystalline structure formation observed via PXRD and TEM  
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PXRD patterns of Al4C3 and samples etched at 300, 
500, 700 and 900 C for 1 h. 

TEM images of Al4C3-CDC prepared by etching: (a) 300-
1h scale bar 10 nm (b) 500-1h (c) 700-1h and (d) 900-1h.

• Carbon structures had increased 

presence at higher temperatures. 

Structures varied from carbonaceous 

microspheres to graphene sheets.

• The crystalline form of the residual 

metal is observed to change at an 

elevated etching temperature of 700 

C, from aluminum based 

nanoparticles to crystalline α-Al2O3.



Varying etching temperature allows tuning of surface area 

and pore size distribution

• Varying etching temperature from 300 to 

900 °C generated a range of surface 

areas.

• Etching temperature enables pore size 

distribution to be tuned from a material 

entirely microporous in Al4C3-CDC-300-

1h, to mainly mesoporous samples at 

higher etching temperatures. 

• Al4C3-CDCs has tunable pore size for 

desired application

Pore size distributions for (a) Different etching 
temperatures (b) Different etching times at 300 C and (c) 
Different etching times at 500 C for Al4C3-CDCs.

BET surface areas via N2 adsorption for samples etched at 
times for (a) 300 C and (b) 500 C.



Water and CO2 adsorption properties for Al4C3-CDCs

• Water adsorption shows a 

dependence on residual metal 

content as well as the 

presence of carbon 

structures.

• CO2 adsorption demonstrates 

a strong dependence on 

etching temperature and time

CO2 adsorption isotherms at 25 C for Al4C3 -CDC samples etched at (a) 
different temperatures 300–900 C, for 1 h and (b) at 500 C for various 
times (0.25–6 h).

Water adsorption isotherms at 25 C for (a) temperature trials and (b) 
time trials at 300 C.


