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1. Scanning Electron Microscopy Images
This section displays the microstructure of all 9 electrospun fiber reinforced geopolymer composites.
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Figure S1: Microstructure of KGP-0.1%wt PAN-W.

1|Page



PAN fibers :

b

Fiber/matri

é -~ interface

.« Fracture
surface

- Fiber
combinat

7" Fracture
‘ &
> 0 rface
i
-

Figure S3: Microstructure of KGP-1.0%wt PAN-W.
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Figure S5: Microstructure of KGP-0.5%wt PAN-WG.
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Figure S6: Microstructure of KGP-1.0%wt PAN-WG.
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Figure S7: Microstructure of KGP-0.1%wt PEO-WG.
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Figure S8: Microstructure of KGP-0.5%wt PEO-WG.
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2. Image Analysis on SEM Images

Figure S10 shows the procedure of image analysis based on the SEM images of hardened geopolymer
composites for calculation of the diameters of electrospun fibers. For each sample, the SEM images were
taken in a 10 x 10 grid with a magnification of 1000 x, spanning a total area of 2072 um x 1381 um, shown
in Figure S10(a). The histogram of the greyscale values were plotted and a deconvolution process based
on the variational Bayesian Gaussian mixture model was performed on the grayscale histogram to obtain
the threshold for image segmentation, shown in Figure S10(b). Figure S10(c) displays the binary image
after image segmentation and Figure S10(d) shows the labeled image where each fiber is labeled uniquely.
The diameter of the fibers are calculated using ImagelJ and Figure S10(e) displays the thickness map of the
fibers.

0.030
(a) (b) — Phase 1 /\
Phase 2 \
0.025 \
0.020
g
g
50.015
g
0.010
0.005
0.000
0 50 100 150 200 250
Grayscale
(d) Labeled Image Thickness Map

(e)

Figure S10: Image analysis procedure of SEM images. (a) Original SEM image; (b) Deconvolution of
grayscale histogram; (c) ldentification of individual fibers and the thickness(diameter) map.

3. Micro-CT Image Reconstruction
This section displays the 3D microstructural reconstruction of 9 electrospun fiber reinforced geopolymer
composites based on the Micro-CT scannings.
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Figure S11: 3D reconstruction of KGP-0.1%wt PAN-W. (a) 3D microstructure; (b) PAN fiber
distribution; (c) Pore distribution.
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Figure S12: 3D reconstruction of KGP-0.5%wt PAN-W. (a) 3D microstructure; (b) PAN fiber
distribution; (c) Pore distribution.

Figure S13: 3D reconstruction of KGP-1.0%wt PAN-W. (a) 3D microstructure; (b) PAN fiber
distribution; (c) Pore distribution.

Figure S14: 3D reconstruction of KGP-0.1%wt PAN-WG. (a) 3D microstructure; (b) PAN fiber
distribution; (c) Pore distribution.
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Figure S15: 3D reconstruction of KGP-0.5%wt PAN-WG. (a) 3D microstructure; (b) PAN fiber
distribution; (c) Pore distribution.

Figure S16: 3D reconstruction of KGP-1.0%wt PAN-WG. (a) 3D microstructure; (b) PAN fiber
distribution; (c) Pore distribution.

Figure S17: 3D reconstruction of KGP-0.1%wt PEO-WG. (a) 3D microstructure; (b) PAN fiber distribution;
(c) Pore distribution.

8|Page



Figure S18: 3D reconstruction of KGP-0.5%wt PEO-WG. (a) 3D microstructure; (b) PAN fiber distribution;
(c) Pore distribution.
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Figure $19: 3D reconstruction of KGP-1.0%wt PEO-WG. (a) 3D microstructure; (b) PAN fiber distribution;
(c) Pore distribution.

9|Page



4,

Indentation Test Results
Figure S20 displays the histograms of the indentation hardness for all nine geopolymer nanocomposites.
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Figure S20: Histogram of indentation hardness H for electrospun-fiber geopolymer composites.
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5. Scratch Test Results

Figures S21-S23 display the scaling of the horizontal force Fr during scratch tests.

10 10 10w
L a) E s 0.5Wt% b) E 1 wt% o)
© 8 8 ‘ 8
o o o
= 6 = 6 = 6
< 4 < 4 <E 4
Q Q Q
N ()] N
2 K= 0.64%  0.02 MPam®S 2 K= 0.49%  0.01 MPam®S 2 0.02 MPam®5
8.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 8.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 w 8.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Figure S21: Scaling of scratch force for for KGP_PAN_Water. Fris the horizontal force, p is the perimeter, A
is the projected load-bearing contact area, d is the penetration depth, and R = 200 um is the scratch probe
tip radius.
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Figure S22: Scaling of scratch force for for KGP_PAN_WG. Fris the horizontal force, p is the perimeter, 4 is
the projected load-bearing contact area, d is the penetration depth, and R = 200 um is the scratch probe
tip radius.
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Figure S23: Scaling of scratch force for for KGP_PAN_WG. Fris the horizontal force, p is the perimeter, A is

the projected load-bearing contact area, d is the penetration depth, and R = 200 um is the scratch probe

tip radius.
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