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Measurement of Tensile and Bending Properties of Nanohoneycomb Structures

Ji Hoon Jeon", Duk Hyun Choi’, Pyung Soo Lee , Kun Hong Lee ,
Hyun Chul Park’, and Woonbong Hwang*+

ABSTRACT

We measured mechanical properties, including Young’s modulus, effective bending modulus and nominal
fracture strength of nanohoneycomb structures using an Atomic Force Microscope (AFM) and a Nano-Universal
Testing Machine (UTM). Anodic aluminum oxide (AAO) films are well suited as nanohoneycomb structures
because of the simple fabrication process, high aspect ratio, self-ordered hexagonal pore structure, and simple
control of pore dimensions. Bending tests were carried out for cantilever structures by pressing AFM tips, and
the results were compared with three-point bending tests and tensile tests using a Nano-UTM. One side of the
AAQO films is clogged by barrier layers, and looks like a face material of conventional sandwich structures.
Analysis of this layer showed that it did not influence the bending rigidity, and was just a crack tip. The
present results can act as a design guideline in applications of nanohoneycomb structures.
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{a) Untreated aluminum

(b) After electro polishing
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(c) After 1st anodizing {d) After alumina efching

{e) After 2nd anodizing (f) After widening

Fig. 1 Schematic diagram of fabrication of the honeycomb
by anodization process of aluminum
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(b) After aluminum
evaporation

(a) Nanohoneycomb structure

(c) After pattering
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Fig. 2 Schematic diagram of fabrication of the
structures for the mechanical tests.
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Fig. 3 Images of the k imen: (a) For the tensile and
the bending tests usmg Nano-U”[M (b) For the bending test
using AFM.
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Fig. 5 Unit cell model of each layer for finite element analysis.
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Fig. 6 Simplification of layer. (a) Tensile finite element analysis of the
clogged layer (b) Bending finite element analysis of the clogged
layer.
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Fig. 7 Cross-section of the composite beam posed of the open, porous
and the clogged layers for the simplified model.
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Fig. 8 Tensile testing procedure of the nanohoneycomb beam specimen
using NanoUTM. (a) General view (b) Metal plate fastened on
bolt jigs. (c) Nanohoneycomb specimen attached to the piece of
paper by adhesive. (d) Nanohoneycomb specimen attached to the
upper metal plate. (¢) Nanohoneycomb structure mounted on the
metal plate gripper after alignment. (The images of specimen on
Fig. were repainted for ease of observation.).
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clogged layer Table 1 Tensile Testing Results using Nano-UTM
lo:gsleﬂg g at the top position Number of samples 20
. e ‘ 5.0%10° ~
" Strain rate (/s) 1.0x10™
% e SUPPOTS :
4 Average 40
Young’s Minimum value 36
i loading clogged layer modulus(GPa) Maximum value 46
y nose \ % at the}x'o tiom Standard deviation 3.0
span length: 7 mm é /posmon
) . ' Average 150
Nominal Minimum value 120
fracture Maximum value 200
.~ rts — strength(MPa)
Supporis Standard deviation 23
(@ ()
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Fig. 11 Stress-strain relation in tensile test using Nano-UTM.
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Fig. 12 Load-displ ¢ relation in bending test using Nano-UTM.
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Fig. 13 Load-displacement relation from bending tests using AFM. The

gradient is the bending stiffness of the specimens.
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Table 2 Bending Testing Results using NanoUTM

Loading rate (mN/s) 0.5
Number of sample 12
Average 38
. Minimum value 35
Bending -
modulus(GPa) Maximum value 40
Clogged layer at géi?i?;i 17
top position Average 010
Fracture load per Minimum value 0.17
u(l::N\/AS::)h Maximum value 0.21
Standard
deviation 0.016
No. of sample 18
Average 42
Bending Minimum value 44
modutus -
(GPa) Maximum value 37
C'Og%ﬁtgj‘g“ at Standarddeviation 19
position Average 0.13
Fracture load per Minimum value 0.11
unit Maximum value 0.15
width(mN/um) Standard
deviation 0.011
Table 30 S3ra4 4 ¥ s d ARAPARS
ol &3k AFu} FE A4rFAIvE ek Uk AFAE
2 e ude] W UF 9B FRELS 40 GPa oY
oouesiggel Zztel A (Fig SEE)el 9% Fas
NHE wuste] A4 TEES AFAFEL BHT £ 9
. oo]g vwslud TzEe AgAAPIet ®@sta,
Juauzg TAsts 2RuuY 48e 24% 5 9
o 47T} oF 49 GPaolglth WA O T ol AgEHE
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Table 3 Calculation of Young’s modulus of alumina in the beam direction
by temsile simmlation of the unit cell of nanohoneycomb

structures. The total height is 42 mm.

Pore arrangement direction relative to 1 2
the beam axis
F . Open layer 1/ 1500 1/ 4200
orce—su;_)portmg Porous layer 1 1
ratio
Clogged layer 1/ 780 1/ 780
Young's modulus | Nanohoneycomb 40.0 40.0
in the beam i
direction (GPa) Alumina 48.5 48.7

Table 4 Height and Young’s modulus of the simple model.

Pore arrangement Young's
Layer direction to beam modulus Height (um)
axis (GPa)
1 322 0.0348
Open layer
2 322 0.0347
Clogged 1 443 0.0348
layer 2 46.7 0.0347
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