Supplementary Figures
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Fig.S1a Reflectance spectrum of the original soil.
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Fig.S1b Reflectance spectrum of acid-treated soil.
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Fig.S1c Reflectance spectrum of alkali-treated soil.
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Fig.S2a TG-DTG curve of the acid-treated soil
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Fig.S2b TG-DTG curve of the alkali-treated soil
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Fig.S2c DSC curve of the acid-treated soil
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Fig.S2d DSC curve of the alkali-treated soil.
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Fig.S2e Thermal conductivity graph of the acid-treated soil
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Fig.S2f Thermal conductivity graph of the alkali-treated soil
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Fig.S3a ATR-IR spectrum of acid-treated soil.
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Fig.S3b ATR-IR spectrum of alkali-treated soil.
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Fig.S4 Specific heat capacity of the chemically treated soil.
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Fig.S5a 19F NMR of the acid-treated soil.
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Fig.S5b 19F NMR of the alkali-treated soil.
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Fig.S5c 29Si NMR of the acid-treated soil.
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Fig.S5d 29Si NMR of the alkali-treated soil.
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Fig.S5e 27Al NMR of the acid-treated soil.
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Fig.S5f 27Al NMR of the alkali-treated soil.

image7.png
Heat flow/ Wg"'

0.00

-0.20

-0.40

-0.60

-0.80

-1.00

-1.20

-1.40

-1.60

-1.80

290

400

510

620 730 840

950

1060

427K

@ Alkali-treated soil

Temperature/K





image8.png
Thermal conductivity/Jem's 1K

0.73
0.71

0.69
0.67 @ Acid-treated soil
0.65
0.63
0.61
0.59

0.57

0.55

302 307 312 317 322 327 332 337 342
Temperature/K




image9.png
Thermal conductivity/Jcm-'sK-!

0.53

0.52

0.51 @ Alkali-treated soil
0.50
0.49
0.48
0.47

0.46

0.45

302 307 312 317 322 327 332 337 342
Temperature/K




image10.png
Fu'les

W0 889 W0 9/)

W2 616

W2 9201

@ Acid-treated soil

1-W2 5001

%

W 2201

100

©
o

©®© ¥+ N 9 © © %
® ©® ® ® © © ©

%ldoueRIWSUeIL

3500 3000 2500 2000 1500 1000 500

4000

Wavenumber/cm!




image11.png
Transmittance/%

100

98 -
96 -

94 -

92
90 -
88 -

86 -

@ Alkali-treated soil

1081 cm™!

84
4000

3500

3000

2500 2000
Wavenumber/cm-!

1500

1000

500




image12.png
Sp. heat capacity/ Jg"'K!

1.0

0.9

0.8

0.7

0.6

0.5

0.4

1 — Alkali-treated soil
2 — Acid-treated soil

270

280 290 300 310 320 330 340 350

Temperature/K




image13.png
Abundance

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0.00

<
3
L
F @ After acid-treatment 9
L « '
3
]
~
L N
@
2
3
r ©
8
e
P
500 400 300 200 100 0 -100 -200 -300 -400 -500

19F NMR / ppm




image14.png
Abundance

0.030

0.025

0.020

0.015

0.010

0.005

0.000

@ Alkali-treated soil

-118.313

300

200

100

0 -100
19F NMR / ppm

-200

-300




image15.png
Abundance

x 104
7.0

6.0
5.0

@ Acid-treated soil

-91.497

28i NMR / ppm

-106.368





image16.png
S62°901"

SY5°06-
16168~

@ Alkali-treated soil

x 104
6.0 |
0
0
0
0

@douepunqy

28i NMR / ppm




image17.png
SLY'S

-treated soil

@Acid.

-300

-200

0LL706L" —

-100

0
27A1 NMR/ppm

Ve

100

SS0'P0L

950202

200

300

0.024

0.019 [

0.014 -
0.009 |-
0.004 |-

aduepunqy




image18.png
Abundance

0.86
0.76
0.66
0.56
0.46
0.36
0.26
0.16
0.06

200

@ Alkali-treated soil

150

100

50

5.029

0 -50
27A1 NMR/ppm

-90.182

-100

-150

-183.587

-200




image1.png
Reflectance/%

60

50 Visible region
/____/

40

30 @ Original soil

20

10

o K
200 300 400 500 600 700 800 900 1000

Wavelength/nm

1100




image2.png
Reflectance/%

60

50 Visible region /,,va\'/

40

30

@ Acid-treated soil
20

10 [~

[

200 300 400 500 600 700 800 900 1000 1100
Wavelength/nm




image3.png
Reflectance/%

60
50 Visible region /‘,\/\’V’/
40
30
20 @ Alkali-treated soil

0

200 300 400 500 600 700 800 900 1000 1100
Wavelength/nm




image4.png
0.00
-0.02
-0.04

T -0.06
-0.08
-0.10
-0.12
-0.14
-0.16
-0.18

DTG/% mi

290 400 510 620 950 1060
1 — DTG/% min-
2 — Mass/%
2
x
E @ Acid-treated soil

Temperature/K

100

99.5

99.0

98.5

98.0

97.5

97.0

Mass/%




image5.png
DTG/%min"

290 400 510 620 730 840 950 1060

0.00

-0.05

-0.10

0.15

-0.20

-0.25

-0.30

-0.35

-0.40

1 — DTG/ % min-
2 —Mass/%

@ Alkali-treated soil

Temperature/K

100

99.5

99.0

98.5

98.0

97.5

97.0

Mass/%




image6.png
Heat flow/Wg"'

0.00

-0.50

-1.00

-1.50

-2.00

-2.50

-3.00

290

400

510

620

730 840

950

1060

@ Acid-treated soil

Temperature/K





