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Abstract 
Sodium-ion batteries (SIBs) o=er a sustainable alternative to lithium-ion technologies, with 
biomass-derived hard carbons (HCs) standing out as premier anode candidates. However, 
their practical implementation at high charging rates is severely restricted by slow sodium-ion 
(Na+) transport through highly tortuous microporous pathways, leading to dramatic capacity 
fading. 
To overcome this kinetic bottleneck, we demonstrate a structural engineering strategy that 
integrates a highly ordered, zeolite-templated carbon (ZTC) as a conductive, mesoporous 
additive (10 wt%) into a hazelnut shell derived HC matrix. Structural and porosity analyses 
reveal a highly complementary architecture: the intrinsically microporous HC is seamlessly 
interconnected by the high sp2 content and continuous mesoporous networks of the ZTC. 
Electrochemical evaluations prove that this dual-carbon framework dramatically accelerates 
reaction kinetics. Galvanostatic Intermittent Titration Technique (GITT) analysis reveals a 
fourfold increase in the apparent ionic di=usion coe=icient (from ∼3.5×10E−10 to ∼16×10E−10 
cm^2/s) and markedly accelerated Na+ transport, particularly within the critical low-voltage 
plateau region. Consequently, after 50 cycles at 50 mA/g the ZTC-modified anode delivers a 
sustained plateau capacity of 100 mAh/g a more than threefold increase over the ∼30 mAh/g 
exhibited by the pristine HC.  
These results demonstrate that a minor fraction of templated mesoporous carbon can 
e=ectively alleviate kinetic limitations in bio-derived HC anodes for sodium-ion batteries. 


