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APPENDIX A

Image Processing Analysis

1. The pore density

The pore density is analyzed from the ordinary FE-SEM image using a free image
software according to the following details.

(i) Convert step, an ordinary FE-SEM image was converted to form a binary
gray scale image with 8-bits (image >> type >> 8-bit).
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Figure A.1 A convert of ordinary FE-SEM image using image-J software.

(i)  Threshold adjustment, the binary image was adjusted by threshold the image

to verify pore and aggregate zone (image >> adjust >> threshold >> auto).
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Figure A.2 A threshold process.
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Figure A.3 Threshold adjustment with auto scale.

(iii) Pore analysis, the verified pore was counted (analyze >> analyze particles).
Count parameters detail; Size (nm”2) is O-infinity to count all of the pore

size, Circularity is 0.00-1.00 to count all of the pore shape.
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Figure A.4 The analyze particle of pore.
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Figure A.5 The analyze particle of pore with counting parameters.
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Figure A.6 Counted pore include Summary and Results.

After the pore analysis, the number of pores, “Count”, and image area (in pm?) are used

to calculate pore density according to the equation (A.1) [79].

] number of pores
Pore density =

(A1)

area (um?)

107



2. The pore size distribution

After the pore analysis, pore size was calculated from the “Area” result using
equation (A.2) under the circular pore shape assumption, and pore frequency in each

range is counted.

Area
Pore size = 2 - (A.2)

3. The simulated 3D profile and roughness analysis

After select a figure, the simulated 3D profile was analyzed by using analyze tool

(Analyze >> 3D Surface Plot) as can be seen in figure A.7. The 3D profile is performed

in figure A.8.
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Figure A.7 The analyze 3D profile.
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Figure A.8 The simulated 3D profile.
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The roughness was calculated by using plugins tool (Plugins >> Roughness
calculation) as can be seen in figure A.9. After the calculation, the relative roughness

data is obtained as shown in figure A.10.
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Figure A.9 The roughness calculation.

T (Fiji Is Just) Image) l=]=] = |
File Edt Image Process Analyze Plugins Window Help
[l oo <4 [NA|a OF o] [»
(Fiiji Is Just) Imaged 2.0.0-rc-42/1.50d: Java 1.6.0_24 [64-bit]:
[} vO-1.4f (G) (50%) =T Eg__il
1000x3000 nm (1 280x960), RGB, 4 7MB
& = | B
File Edit Font Results
Ry |Ra |Rsk  [Rku_ [Highest Peak [Lowestvalley [Total height | =
1 112261 105336 1.184 1432 2355 9.333 264.333

Figure A.10 The roughness data.

4. The mapping profile analysis

Before analyze the mapping surface, the ordinary image was selected with a
rectangular tool for choosing target area. Next, the mapping profile was analyzed by
using analyze tool (Analyze >> Plot Profile) as shown in figure A.11. The profile is
obtained in both of graphic and raw data as shown in figure A.12.

110



8

T
| -

{50 (Fiji Is Just) Image)

File Edit Image Process Measine Cirt+
ﬁo,g‘®|/v-ﬁ-|+- "\|A|‘ Analyze Particles...

Magnifying glass {or use "+" and "-" keys) Summarize

i vO-1.4f (G ] Distribution. ..

4000x3000 nm (1280x360); RGBE, 4.7MB Label
Clear Results

Set Measurements. ..

Set Scale...

Calibrate...

Histogram Ctri+H
Surface Plot...

Gels

Tools

Figure A.11 The mapping profile analysis.
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Figure A.12 The mapping profile result.
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