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Supporting Information Table S1: Overview of literature reported CNT-substrate adhesion testing 

methods  

Techniques Adhesion 

strength or energy 

Remarks Reference 

Blowing, rubbing, 

brushing 

NA Qualitative method, unreliable 

technique, extremely user 

sensitive 

1  

Ultrasonication in 

solvent 

NA Qualitative method, widely used 

for understanding bond of CNTs 

with substrates, results may vary 

in different laboratories  

2-6 

Dropping, shaking, 

bending samples several 

times 

NA Qualitative method, unreliable 

technique, extremely user 

sensitive 

7 

Peel test using 

adhesive tape 

NA Qualitative method, widely used 

for understanding bond of CNTs 

with substrates, highly operator 

sensitive  

7-9 

Pulling CNTs by 

tweezers 

NA Qualitative method, result may 

vary for different operators or 

tweezers 

10 

Hanging known 0.12-0.18 MPa Used for quantifying strength of 11, 12 
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weights from substrate CNT based adhesive tapes: 

able to quantify adhesion of 

CNTs with substrate but not 

calibrated against standards,  

only a range of de-bonding 

stress could be predicted in 

absence of continuous load-

displacement plot, 

stress can not be predicted as 

contact area is not known, 

accurate breaking/de-bonding 

position (whether at CNT-

substrate interface or along the 

length of CNT itself) is not known                            

can not predict bond 

strength/energy for single CNTs 

Tensile test after 

wrapping the CNTs by 

adhesive tape 

0.26-0.50 MPa Used for quantifying bonding of 

CNTs grown on wire substrates: 

not calibrated against standards,  

stress can not be predicted as 

contact area is not known, 

 accurate breaking/de-bonding 

13, 14 
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position not known 

can not predict bond 

strength/energy for single CNTs 

Compression test 

using Cu tape to contact 

CNTs 

2.05 MPa Used for quantifying bonding of 

CNTs grown on flat substrates: 

not calibrated against standards,  

stress can not be predicted as 

contact area is not known,  

accurate breaking/de-bonding 

position not known 

can not predict bond 

strength/energy for single CNTs 

15 
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Supporting Information Figure S1: Schematic of the nano-scratch method, followed in the present 

study. A normal load of 150 µN was used for all the scratch tests. 

 

 

 

 

 

 

 

Supporting Information Figure S2: 2-dimensional scanning probe microscopy (SPM) images of the 

nano-scratches, made on samples with Si-substrate. From left to right, (a) scratches are visible on bare 

sample, (b) only catalyst deposited sample and (c) sample after CNT growth.   
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Supporting Information Figure S3: Scanning probe microscopy (SPM) images of the (a) Cu and (b) 

Si substrates after catalyst deposition. 
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Supporting Information Figure S4: Nano-scratch tests on Cu (a and b) and Si (c and d) substrates, 

after a CNT growth time of 2 minutes (a and c) and 30 minutes (b and d). Both the samples have shown 

approximately same lateral force increment values for 2 minutes and 30 minutes, indicating that length 

of CNTs (which is much higher for 30 minutes samples) do not affect the scratching force to any 

significant level.  
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