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Appendice A: XRD Pattern
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Figura A. 1 XRD Pattern HT1 essiccato a 120 °C per 24 h.
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Figura A. 2 XRD Pattern HT1 calcinato a 500 °C per 8 h.
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Figura A. 3 XRD Pattern HT1 post test a 350 °C 6 bar.
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Figura A. 4 XRD Pattern HT1K post essiccato a 120 °C per 24 h.
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Figura A. 5 XRD Pattern HT1K calcinato a 500 °C per 8 h.
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Figura A. 6 XRD Pattern HT1K post test a 350 °C 3 bar.
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Figura A. 7 XRD Pattern HT1K post test a 350 °C 6 bar.
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Figura A. 8 XRD Pattern HT1K post test a 600 °C 3 bar.
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Figura A. 9 XRD Pattern HT1K post test a 600 °C 6 bar.
Counts
HT2_PE
20000 -
10000
0
10 20 30
Peak List

98-042-3568; C1l Ca1 O3; Calcium Cafbonate

'
98-002-7698; HF Al1 O3; Gibbsite

| $ TR
98-002-6830; H1 Al1 O3; Bayerite 1

Figura A. 10 Pattern HT2 post essiccato a 120 °C per 24h.
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Figura A. 11 XRD Pattern HT2 calcinato a 500 °C per 8 h.
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Figura A. 12 XRD Pattern HT2 calcinato a 800 °C per 8 h.
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Figura A. 13 XRD Pattern HT2 post test a 350 °C 3 bar.
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Figura A. 14 XRD Pattern HT2 post test a 350 °C 6 bar.
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Figura A. 15 XRD Pattern HT2 post test a 600 °C 3 bar
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Figura A. 16 XRD Pattern HT2 post test a 600 °C 6 bar
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Figura A. 17 XRD Pattern HT2K essiccato a 120 °C per 24h.
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Figura A. 18 XRD Pattern HT2K calcinato a 800 °C per 8h.
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Figura A. 19 XRD Pattern HT2K post test 350 °C 3 bar.
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Figura A. 20 XRD Pattern HT2K post test 350 °C 6 bar.
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Figura A. 21 XRD Pattern HT2K post test 600 °C 3 bar.
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Figura A. 22 XRD Pattern HT2K post test 600 °C 6 bar.
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Figura A. 24 XRD Pattern HT3 calcinato a 800 °C per 8h.

13




Counts

HT3_PT_350C_3bar
10000 -
2500 - J
0 . I | . IHM ‘
10 20 30 40 50 60 70
Position [°2Theta] (Copper (Cu))
Peak List
I | TR e bbb E e bk ek
98-020-2220; iH2 Cal O2; Portlandite | |
1 [ . [
98-002-8827; C1 Cal O3; Calcite
| 1 | I | II | Ll [T | [
98-065-5149; Al2 Mgl 04; Spinel | | | |
1 1 |
98-016-1818; C1 Cal 0O3; Aragonite ‘ | H |
. 1l ] I
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Figura A. 26 XRD Pattern HT3 post test 600 °C 6 bar.
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Figura A. 27 XRD Pattern HT3K essiccato a 120 °C per 24h.
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Figura A. 28 XRD Pattern HT3K calcinato a 800 °C per 8h.
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Figura A. 30 XRD Pattern HT3K post test a 600 °C 6 bar.
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Appendice B: Analisi XRF

B.1  XRF Solidi.
~ Preset Sample Data
Sample Name 1 Dilution Material
Description UMBERTO Sample Mass (g) 1.1586
Method FP-Powder Diluton Mass (g) 0.0000
Job Number Foscolo Dilution Factor 1.0000
Sample Type Powder, 24 mm Sample rofation Yes
Sample State Powder Date of Receipt 05/05/2015
Sample Status AXXAXXAA Date of Evaluation 05/05/2015
~ Results

The error is the statistical error with 1 sigma confidence interval

r4 Symbel Element Norm, Int Concentration Abs. Error
12 Mg Magnesium 3312.7531 3241 % 0.03 %
13 Al Aluminum 4288.3314 13.69 % 0.01 %
14 Si Silicon 17.6285 0.02315 % 0.00041 %
15 P Phosphorus 5.8650 0.00300 % 0.00013 %
16 S Sulfur 15.2261 <0.00020 % (0.0 %
17 Cl Chlerine 254 8233 0.02385 % 0.00007 %
19 K Potassium 15233 0.00181 % 0.00014 %
20 Ca Caleium 34 6464 <0.0010 % 10.0) o
22 T Titanium 2.2340 0.00068 % 0.00004 %
23 v Vanadium 1.5832 < 0.00008 % (0.00003) %
24 Cr Chromium 11.6801 0.00109 % 0.00003 %
25 Mn Manganese 0.0000 <0.00010 % (0.0) %
26 Fe fron 586163 0.00248 % 0.00003 %
27 Co Cobalt 0.0000 <0.00030 % (0.0) %
28 Ni Nickel 19.9417 0.00115 % 0.00003 %
29 Cu Copper 0.0000 < 0.00005 % (0.0) %
30 Zn Zinc 28.7442 0.00098 % 0.00002 %

Figura B. 1 Risultati analisi XRF HT1.

— Preset Sample Data

Sample Name 2 Diution Material

Description UMBERTO Sample Mass (g) 1.5702
Method FP-Powder Déution Mass (g) 0.0000

Job Number Foscelo Diution Factor 1.0000
Sample Type Powder, 24 mm Sample rotation Yes
Sample State Powder Date of Receipt 05/05/2015
Sample Status AXXAXXAA Date of Evaluation 05/05/2015
— Results

The error is the statistical error with 1 sigma confidence interval

4 Symbol Element Norm. Int. Concentration Abs. Error
12 Mg Magnesium 0.0000 <0.0020 % (0.0) %
13 Al Aluminum $715.5603 2357 % 0.02 %
14 Si Silicon 19.3525 0.02043 % 0.00052 %
15 P Phesphorus 19.3788 0.00794 % 0.00022 %
18 S Sulfur 284820 <0.00020 % (0.0) %
17 ci Chlorine 1003.9696 0.08921 % 0.00014 %
19 K Potassium 0.0000 <00010 % (0.0) %
20 Ca Calcium 25961.5229 19.28 % 0.01 %
22 Ti Tianium 0.0000 < 0.00020 % (0.0) %
23 v Vanadium 1.0966 <0.00010 % (0.0) %
24 Cr Chromium 7.2841 0.00119 % 0.00004 %
25 Mn Manganese 59290 0.00102 % 0.00004 %
26 Fe Iron 45.8054 0.00094 % 0.00001 %
27 Co Cobalt 0.0000 <0.00030 % (0.0) %
28 Ni Nickel 92838 0.00094 % 0.00005 %
29 Cu Copper 16562 0,00018 % 0.00005 %
30 Zn Zinc 17.2257 0.00114 % 0.00003 %

Figura B. 2 Risultati analisi XRF per HT2.
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Preset Sample Data

Sample Name 4 Dilution Material

Description UMBERTO Sample Mass (g) 1.3521
Method FP-Powder Dilution Mass (g) 0.0000

Job Number Foscolo Dilution Factor 1.0000
Sample Type Powder, 24 mm Sample rotation Yes
Sample State Powder Date of Receipt 05/05/20158
Sample Status AXXAXXAA Date of Evaluation 05/05/2015
— Results

The error is the statistical error with 1 sigma confidence interval

z Symbol Element Norm. Int. Concentration Abs. Error
12 Mg Magnesium 2025.7965 2258 o 003 %
13 Al Aluminum 5864.5445 19.43 % 0,01 %
14 Si Silicon 280125 003728 % 0.00058 %
15 P Phesphorus 155593 0.00806 % 0.00023 %
16 s Sulfur 23.6967 <0.00020 % {0.0) %
17 ci Chlorine 67.3903 0.00188 % 0.00002 %
19 K Potassium 0.0000 <0.0010 %% {0.0) %
20 Ca Calcium 20351.6868 18.37 % 0.01 %
22 T Titanium 0.0000 <0.,00020 % 10.0) %
23 v Vanadium 1.4808 <0.00012 % (0.0} %
24 Cr Chromium 8.5870 0.00157 % 0.00005 %
25 Mn Manganese 3.0421 0.00056 % 0.00006 %
26 Fe Iron 42.8083 < 0.00023 % {0.00005) %
27 Co Cobalt 0.0000 < 0.00030 % {0.0) %
28 Ni Nicke! 9.7627 0.00108 % 0.00008 %
29 Cu Copper 1.9169 0.00020 % 0.0000€ %
30 Zn Zinc 13.0576 0.00098 % 0.00004 %

Figura B. 3 Risultati analisi XRF per HT3.

—Preset Sample Data

Sample Name 6 Dilution Material

Description UMBERTO Sample Mass (g) 1.8291
Method FP-Powder Dilution Mass {g) 0.0000
Job Number Foscolo Dilution Factor 1.0000
Sample Type Powder, 24 mm Sample rotation Yes
Sample State Powder Date of Receipt 05/05/2015
Sample Status AXXAXXAA Date of Evaluation 05/05/2015
—Results

The error is the statistical errer with 1 sigma confidence intervai

z Symbol  Element Norm. Int, Concentration _ Abs. Error
12 Mg Magnesium 31546739 3145 % 0.03 %
13 Al Aluminum 4001.2877 12.30 % 0.01 %
14 S| Silicon 37.2375 0.04775 % 0.00049 %
15 P Phosphorus 0.0000 < 0.00030 % (0.0) %
16 S Sulfur 36.3614 0.00025 % 0.00001 %
17 Cl Chlorine 116.8550 0.00754 % 0.00004 %
19 K Potassium 4177.3655 4977 % 0005 %
20 Ca Calcium 57.1022 0.00881 % 0,00025 %
22 TI Titanium 2.3311 0.00085 % 0,00005 %
23 Vv Vanadium 1.2991 <0.00010 % (0.0) %
24 Cr Chromium 9.6024 0.00106 % 0.00003 %
25 Mn Manganese 0.0000 < 0.00010 % (0.0) %
26 Fe Iron 57.1303 0.00274 % 0.00004 %
27 Co Caobalt 0.0000 < 0.00030 % (0.0) %
28 Ni Nickal 16.5647 0.00118 % 0.00004 %o
29 Cu Copper 35708 0.00022 % 0.00004 %
ao Zn Zinc 249893 0.00107 % 0.00003 %

Figura B. 4 Risultati analisi XRF per HT1K.
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—Preset Sample Data

Sample Name 7 Dilution Material

Description UMBERTO Sample Mass (g) 1.1146

Method FP-Powder Dilution Mass (g) 0.0000

Job Number Foscolo Dilution Factor 1.0000

Sample Type Powder, 24 mm Sample rotation Yes

Sample State Powder Date of Receipt 05/05/2015

Sample Status AXXAXXAA Date of Evaluation 05/05/2015
~Resuits

The error is the statistical error with 1 sigma confidence Interval
Z Symbol  Element Norm. Int. Concentration Abs. Error
12 Mg Magnesium 0.0000 <0.0020 % (0.0) %
13 Al Aluminum 11547.1342 29.89 % 0.02 %
14 Si Silicon 99,1061 0.1155 % 0.0008 %
15 P Phosphorus 26,9200 0.01219 % 0.00026 %
16 S Sulfur 58.6353 0.00536 % 0.00005 %
17 Ci Chlorine 278.3817 0.02329 % 0.00008 %
19 K Potassium 2914.8454 3342 % 0.005 %
20 Ca Calcium 29087.7361 27.98 % 0.02 %
22 Ti Titanium 0.0000 < 0.00020 % (0.0) %
23 v Vanadium 1.6530 < 0.00014 % (0.00004) %
24 Cr Chromium 7.1862 0.00155 % 0.00008 %
25 Mn Manganese 4.0586 0.00092 % 0.00007 %
26 Fe Iron 53.1697 0.00423 % 0.00005 %
27 Co Cobalt 0.0000 <0.00030 % (0.0) %
28 Ni Nickel 17.0502 0.00258 % 0.00008 %
29 Cu Copper 5.6530 0.00074 % 0.00008 %
30 Zn Zinc 18.5840 0.001468 % 0.00004 %

Figura B. 5 Risultati analisi XRF per HT2K.

— Preset Sample Data

Sample Name 8 Dilution Material

Description UMBERTO Sample Mass (g) 1,3063

Method FP-Powder Dilution Mass (g) 0.0000

Job Number Foscolo Dilution Factor 1.0000

Sample Type Powder, 24 mm Sample rotation Yes

Sample State Powder Date of Receipt 05/05/2015

Sample Status AXXAXXAA Date of Evaluation 05/05/2015
—Results

The error is the statistical error with 1 sigma confidence interval
z Symbol Element Norm. Int. Concentration Abs. Error
12 Mg Magnesium 1416.8817 15.92 % 0.02 %
13 Al Aluminum 4926 9574 13.76 % 0.01 %
14 Si Silicon 38.9471 0.04374 % 0.00053 %
15 P Phosphorus 15.1757 0.00661 % 0.00018 %
16 S Sulfur 18.4568 <0.00020 % (0.0 %
17 Cl Chlorine 67,2805 0.00165 % 0.00001 2%
19 K Potassium 4847.0429 5270 % 0006 %
20 Ca Calcium 175499874 16.38 % 0.01 %
22 Ti Titanium 0.0000 < 0.00020 3% (0.0) %
23 Vv Vanadium 1.2328 < 0,00010 % (0.0) %
24 Cr Chromium 7.2015 0.00126 % 0.00004 2%
25 Mn Manganese 5.5781 0.00103 % 0.00005 9%
26 Fe Iron 436335 0.00032 3% 0.00001 %
27 Co Cobalt 0.0000 < 0.00030 % (0.0) %
28 Ni Nickel 12.3148 0.00142 % 0.00006 %
29 Cu Copper 3.5586 0.00037 % 0.00005 %
30 Zn Zinc 13.0925 0.00083 % 0.00003 %

Figura B. 6 Risultati analisi XRF per HT3K.
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B.2

— Preset Sample Data

XRF Liquidi.

Preset Sample Data
Sample Name 1L Dilution Material
Description UMBERTO Sample Mass (g) 4.9382
Methed FP-Water Dilution Mass (g) 0.0000
Job Number Foscolo Dilution Factor 1.0000
Sample Type Liquid, 24 mm Sampie rotation No
Sample State Liquid Date of Recaipt 04/05/2015
Sample Status AXXAXXAA Date of Evaluation 04/05/2015
—Results

The error is the statistical error with 1 sigma confidence interval

11
12
13
14
15

17
19
20

23
24
25

Symbol Element

Na Sodium

Mg Magnesium
Al Aluminum
Si Silicon

P Phosphorus
S Sulfur

Lol Chlorine

K Potassium
Ca Calcium

Ti Titanium

A% Vanadium
Cr Chromium
Mn Manganese

Norm. Int

11.9462
487177
96.9590
80039
0.6745
13.7479
95.3388
20625
94884
1.3543
1.9530
9.4765
5.8370

Concentration

0.1944
0.4262
0.1565
<0,00051
0.00014
0.00126
< 0.00020
<0.0010
0.00240
0.00011
0.00004
0.00021
000016

FRAFF2F22I222

Abs, Error

0.0081 %
0.0035 %
0.0008 %
{0.0) %
0.00006 %
0.00003 %

%

0.00001 %

Figura B. 7 Risultati analisi XRF per H,O di lavaggio HT1.

Sample Name 6L Dilution Material
Description UMBERTO Sample Mass (g) 40788
Method FP-Water Dilution Mass (g) 0.0000
Jab Number Fescolo Dilution Factor 1.0000
Sample Type Liquid. 24 mm Sample rctation No
Sample State Liquid Date of Receipt 04/05/2015
Sample Status AXXAXXAA Date of Evaluation 04/05/2015
— Results
The error is the statistical error with 1 sigma confidence interval
4 Symbol Element Norm. Int. Concentration Abs. Error
11 Na Sodium 48,3858 0.7873 % 0.0076 %
12 Mg Magnesium 0.0000 <0010 % (0.0) %
13 Al Aluminum 46.2554 0.06313 % 0.00054 %
14 Si Silicon 0.0000 <0.00051 % (0.0) %
15 P Phospherus 29934 0.00084 % 0.00006 %
16 S Sulfur 17.1010 0.00157 % 0.00003 %
17 Cl Chlorine 83.3341 <0.00020 % (0.0) %
19 K Potassium 2.1196 0.00090 % 0.00015 %
20 Ca Calcium 2296.8858 0.6460 % 00009 9%
22 Ti Titanium 0.93683 0.00007 % 0.00001 %
23 \ Vanadium 21196 0.00005 2% 0.,00001 %
24 Cr Chromium 94518 0.00023 % 0.00001 %
25 Mn Manganese 2.1639 0.00004 3% 0.00001 3%

Figura B. 8 Risultati analisi XRF per H,O di lavaggio HT2.
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Preset Sample Data -

Sample Name 4L Dilution Material

Description UMBERTO Sample Mass (g) 4.0889
Method FP-Water Dilution Mass (g) 0.0000
Job Number Foscolo Dilution Factor 1.0000
Sample Type Liquid, 24 mm Sample rotation No
Sample State Liquid Date of Receipt 04/05/2015
Sample Status AXXAXXAA Date of Evaluation 04/05/2015
- Results

The error is the statistical error with 1 sigma confidence interval

Zz Symbol Element Norm. int. Concentration Abs. Error
11 Na Sodium 15.8982 0.2591 % 0.0065 %
12 Mg Magnesium 9.5953 0.0707 % 0.0022 %
13 Al Aluminum 127.5470 02117 % 0.0009 %
14 Si Sllicon 45313 <0.00051 % {0.0) %
15 P Phosphorus 0.0000 < 0.00030 % {0.0) %
16 S Sulfur 15,8982 0.00145 % 0.00003 %
17 Cl Chlorine 67.3388 <0.00020 % {0.0) %
19 K Potassium 2.1395 0.00091 % 0,00009 %
20 Ca Calcium 463.2237 0.1282 % 0.0004 %
22 Ti Titanium 1.9055 0.00017 % 0.00002 %
23 Vv Vanadium 321 0.00012 % 0.00001 %
24 Cr Chromium 11.2243 0.00030 % 0.00001 %
25 Mn Manganese 5.7603 0.00016 % 0.00001 %

Figura B. 9 Risultati analisi XRF per H,O di lavaggio HT3.
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Appendice

C: FTIR Pattern

as

Transmittance [%]
~N
w

0
4000

| HT2K DRY

m—HTIKLS PT

e HTILS PT

3600 31200 2800 2400 2000 1600
Wave number [em-1]

1200 800

Figura C. 1 FT-IR spettri di HT2K essiccato, HT1K dopo il test, HT1 calcinato a 700°C post test

400

. Numero_l Numero d'onda di riferimento[cm™] Letteratura
d'ondaf[cm™]
711 713 v4 di COs* possibile per calcite e aragonite .
Andersen & Brecevic,
1991
871 877 v2 di CO5* dalla calcite )
1014 Al catione trivalente in ottaedro (Stuart, 2004)
2507 2510 v1 di CO5* dalla calcite pindersen & Brecevic,
1991)
2867 Vibrazione del gruppo idrossido
grupp (Umbreit &
. . . L. . Jedrasiewicz, 2000)
3585 3580 Vibrazione dei gruppi idrossido
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§ \ e HT 301450
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/] ——HT3caleas0pt
e HT1 Kdry
= \
20 +— - incll ——HT1Kcalcd50
w—HT1calc450 pt
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o+ T . T ;
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number [cm-1]

Figura C. 2 Spettri FT-IR HT3K essiccato, HT3 calcinato a 450°C, HT3 calcinato a 450°C post test, HT1 essiccato, HT1K
calcinato a 450°C, HT1 calcinato a 450°C dopo test senza acqua.

60

50

&

Tranbsmittance [%]
w
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——HT3Kcalc450 pt
e HTK3calcd50
10 —HT2Kcalc700pt
w—HT1KcalcA50 pt
—HT3Kcalc700 pt
[ T T S
4000 3600 3200 2300 2400 2000 1600 1200 800 400
Wavenumber [em-1]

Figura C. 3 Spettri FT-IR di HT3K calcinato a 450°C post test, HT3K calcinato a 450°C, HT2K calcinato a 700°C post test,
HT1calcinato a 450°C post test, HT3K calcinato a 700°C post test.
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Appendice D: Analisi BET-BJH

D.1 BET-BJH pre test.
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Figura D. 1 Isoterma di assorbimento/desorbimento HT1 calcinato a 500 °C
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Figura D. 2 Volume dei pori di assorbimento/desorbimento HT1 calcinato a 500 °C
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Figura D. 3 Isoterma di assorbimento/desorbimento HT2 calcinato a 500 °C
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Figura D. 4 Volume dei pori di assorbimento/desorbimento HT2 calcinato a 500 °C
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Figura D. 6 Volume dei pori di assorbimento/desorbimento HT2 calcinato a 800 °C
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Figura D. 7 Isoterma di assorbimento/desorbimento HT3 calcinato a 800 °C
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Figura D. 8 Volume dei pori di assorbimento/desorbimento HT3 calcinato a 800 °C
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Figura D. 9 Isoterma di assorbimento/desorbimento di HT1K calcinato a 500 °C
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Figura D. 10 Volume dei pori di assorbimento/desorbimento di HT1K calcinato a 500 °C
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Figura D. 11 Isoterma di assorbimento/desorbimento di HT2K calcinato a 800 °C
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Figura D. 12 Volume dei pori di assorbimento/desorbimento di HT2K calcinato a 800 °C
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Figura D. 13 Isoterma di assorbimento/desorbimento di HT3K calcinato a 800 °C
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Figura D. 14 Volume dei pori di assorbimento/desorbimento di HT3K calcinato a 800 °C

D.2 BET-BJH post-test.

30
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Figura D. 15 Isoterma di assorbimento/desorbimento di HT1K post test 350 °C 3bar.
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Figura D. 16 Volume dei pori di assorbimento/desorbimento di HT1K post test 350 °C 3bar.
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Figura D. 17 Isoterma di assorbimento/desorbimento di HT1K post test 350 °C 6 bar.
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Figura D. 18 Volume dei pori di assorbimento/desorbimento di HT1K post test 350 °C 6bar.
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Figura D. 19 Isoterma di assorbimento/desorbimento di HT2 post test 600 °C 3 bar.
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Figura D. 20 Volume dei pori di assorbimento/desorbimento di HT2 post test 600 °C 3 bar.
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Figura D. 21 Isoterma di assorbimento/desorbimento di HT2 post test 600 °C 6 bar.
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Figura D. 22 Volume dei pori di assorbimento/desorbimento di HT2 post test 600 °C 6 bar.
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Figura D. 23 Isoterma di assorbimento/desorbimento di HT3 post test 600 °C 3 bar.
0,55
‘dw’dlog [DP DEquPnPN ‘Pqnq VP*UME PLOT[_\
i 170
0,45 / \
/ \»JA
%.3 0,35 /
w
5 03
3
o /
> 025
: PN
(o]
o
[ A\
0,15 / \J
// \ \
0,05 T " \K-\
St Rt
-
a T
10 100 1000

Figura D. 24 Volume dei pori di assorbimento/desorbimento di HT3 post test 600 °C 3 bar.
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Figura D. 25 Isoterma di assorbimento/desorbimento di HT3 post test 600 °C 6 bar.
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Figura D. 26 Volume dei pori di assorbimento/desorbimento di HT3 post test 600 °C 6 bar.
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Appendice E: SEM-EDX
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Figura E.29: Immagine SEM ingrandimento (20000X)
HT1K dopo il test a T=350°C;P=3 atm;
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Figura E.31: Immagine SEM ingrandimento (125X) HT1K
dopo il test a T=350°C;P=3 atm lappato;

Figura E.33: Immagine SEM ingrandimento (250X) HT1K
dopo il test a T=350°C;P=3 atm lappato;

Figura E.35: Immagine SEM ingrandimento (500X) HT1K
dopo il test a T=350°C;P=3 atm lappato;
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Figura E.37: Immagine SEM ingrandimento (1000X) HT1K
dopo il test a T=350°C;P=3 atm lappato;
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Figura E.30: Immagine SEM ingrandimento (20000X)
HT1K dopo il test a T=350°C;P=3 atm;

Figura E.32: Immagine SEM ingrandimento (250X) HT1K
dopo il test a T=350°C;P=3 atm lappato;

Figura E.34: Immagine SEM ingrandimento (250X) HT1K
dopo il test a T=350°C;P=3 atm lappato;
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Figura E.36: Immagine SEM ingrandimento (500X) HT1K
dopo il test a T=350°C;P=3 atm lappato;

Lo

Figura E.38: Immagine SEM ingrandimento (2000X) HT1K
dopo il test a T=350°C;P=3 atm lappato;



Figura E 39 Immagine SEM |ngrand|mento (2000X) HT1K
dopo il test a T=350°C;P=3 atm lappato;

Figura E.41: Immagme SEM mgrandlmento (5000X) HT1K
dopo il test a T=350°C;P=6 atm;

Figura E.43: Immagine SEM ingrandimento (250X) HT1K
dopo il test a T=350°C;P=6 atm lappato;
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Figura E.45: Immagine SEM ingrandimento (500X) HT1K
dopo il test a T=350°C;P=6 atm Iappato
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Figura E.47: Immaglne SEM |ngrand|mento (2000X) HT1K
dopo il test a T=350°C;P=6 atm lappato;
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Figura E. 40 Immaglne SEM ingrandimento (3000X) HT1K
dopo il test a T=350°C;P=6 atm;

Figura E.42: Immagine SEM ingrandimento (125X) HT1K
dopo il test a T=350°C;P=6 atm lappato;

Figura E.44: Immagine SEM ingrandimento (250X) HT1K
dopo il test a T=350°C;P=6 atm lappato;

Figura E.46: Immagine SEM ingrandimento (1000X) HT1K
dopoil testa T= 350 C;P=6 atm Iappato
o X

Figura E.48: Immagine SEM |ngrand|mento (2000X) HT1K
dopo il test a T=350°C;P=6 atm lappato;



Figura E.49: Immagine SEM ingrandimento (1000X) HT2
dopo calcinazione 800°C per 8 h;
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Figura E.51: Immagine SEM ingrandimento (5000X) HT2
dopo calcinazione 800°C per 8 h;
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Figura E.57: Immagine SEM ingrandimento (1000X) HT2
dopo calcinazione 800°C per 8 h lappato;

42

R T A e, |
Figura E.50: Immagine SEM ingrandimento (3000X) HT2
dopo calcinazione 800°C per 8 h;
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Figura E.52: Immagine SEM ingrandimento (250X) HT2
dopo calcinazione 800°C per 8 h lappato;

ot ¥an - Bule
< T 58 100 ¢ 30bwr*

Figura E.54: Immagine SEM ingrandimento (500X) HT2
dopo calcinazione 800°C per 8 h lappato;
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Figura E.56: Immagine SEM ingrandimento (1000X) HT2
dopo calcinazione 800°C per 8 h lappato;
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Figura E.58: Immagine SEM ingrandimento (2000X) HT2
dopo calcinazione 800°C per 8 h lappato;
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Figura E.81: Immagine SEM ingrandimento (1000X) HT3
dopo calcinazione 800 °C per 8 h lappato;
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Figura E.83: Immagine SEM ingrandimento (2000X) HT3
dopo calcinazione 800 °C per 8 h lappato;
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Figura E.87: Immagine SEM ingrandimento (5000X) HT3
dopo test T600°CP 3 atm ;
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Figura E.80: Immagine SEM ingrandimento (500X) HT3
dopo calcinazione 800 °C per 8 h lappato;
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Figura E.82: Immagine SEM ingrandimento (2000X) HT3
dopo calcinazione 800 °C per 8 h lappato;

Figura E.84: Immagine SEM ingrandimento (1000X) HT3
dopo test T600°CP 3 atm ;
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Figura E.86: Immagihe SEM ingrandimento (5000X) HT3
dopo test T 600°CP 3 atm ;

Figura E.88: Immagine SEM ingrandimento (250X) HT3
dopo test T 600°C P 3 atm lappato ;
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Appendice F: Risultati test di cattura.
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Figura F. 1 Curva di assorbimento della CO, HT1T350P3.
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Figura F. 2 Curva di assorbimento della CO, HT1T350P6.
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Figura F. 3 Curva di assorbimento della CO, HT1T600P3.
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Figura F. 4 Curva di assorbimento della CO, HT1T600P6.

48




Capacita di assorbimento in mmol/g, pente
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Figura F. 5 CO, catturata al variare delle condizioni per HT1.
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Figura F. 6 Curva di assorbimento CO, HT1KT350P3.

49




1,2

1,0
0,8
. —Bianco
g 0,6 ——Ciclol
o ——Ciclo2
——Ciclo3
——Ciclo4
0.4 ——Ciclo5
0,2
0,0 T T :
500 1000 1500 2000 2500 3000
Tempo [s]
Figura F. 7 Curva di assorbimento CO, HT1KT350P6.
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Figura F. 8 Curva di assorbimento CO, HT1KT600P3.
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Curva di assorbimento della CO, HT1K T600P6
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Figura F. 9 Curva di assorbimento CO, HT1KT600P6.
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Figura F. 10 CO2 catturata al variare delle condizioni per HT1K.
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Figura F. 11 Curva di assorbimento della CO, per HT2 T350P3.
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Figura F. 12 Curva di assorbimento della CO; per HT2 T350P6.
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Figura F. 13 Curva di assorbimento della CO,HT2T600P3, cicli in PSA.
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Figura F. 14 Curva di assorbimento della CO,HT2T600P3, cicli in TSA.
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Figura F. 15 Curva di assorbimento della CO, su HT2T600P6.
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Figura F. 16 Capacita di assorbimento dell'HT2 a diverse condizioni di processo.
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Figura F. 17 Capacita di assorbimento di HT2 a T600 °C e 3 bar dopo 3 cicli in TSA.
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Figura F. 18 Curve di assorbimento di HT2KT350P3
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Figura F. 19 Curve di assorbimento di HT2 KT350P6
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Figura F. 20 Curve di assorbimento di HT2 KT600P3
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Figura F. 21 Curve di assorbimento di HT2 KT600P6
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Figura F. 22 Capacita di assorbimento HT2K.
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Figura F. 23 Curva di assorbimento della CO, per HT3 a T 350 °C e 3 bar.
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Figura F. 24 Curva di assorbimento della CO; per HT3 a T 350 °C e 6 bar.
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Figura F. 25 Curva di assorbimento della CO, per HT3 T600P3.
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Figura F. 26 Curva di assorbimento della CO2 per HT3 T600P6.
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Figura F. 27 Capacita di assorbimento di HT3.
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Figura F. 28 Curva di assorbimento della CO, per HT3KT600P3.
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Figura F. 29 Curva di assorbimento della CO2 per HT3KT350P3.
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Figura F. 30 Curva di assorbimento della CO; per HT3K T350P6.
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Figura F. 31 Curva di assorbimento della CO, per HT3KT600P6.
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Figura F. 32 Capacita di assorbimento HT3K.
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Appendice G: microanalisi (EDX)

'Spectrum 1

'Spectrum 2

g 100um ’ Electron Image 1

Spectrum 1

W’Wwvﬁwvfﬁformﬁ—wh et —axd
05 1 1.5 2 25 3 35 4 45 5 55 6 65
Full Scale 5331 cts Cursor: 0.132 (27 cts) keV

Figura G.1 Campione HT1K 500°C cross old_01
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Spectrum 3

Spectrum 4

) 100pm : Electron Image 1
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05 1 1.5 2 25 3 35 4 45 5 55 6 6.5
Full Scale 3524 cts Cursor: 0,153 (33 cts) keV

Figura G.2 Campione HT1K 500°C cross old_02
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+Spectrum 1

JSpectrum P

: 20um ! Electron Image 1

Spectrum 1

0.5 1 1.5 2 25 3 3.5 4 45 5 5.5 6 6.5
Full Scale 5369 cts Cursor: 0.103 (13 cts) keV

Figura G.3 Campione HT1K 500°C cross old_03
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] 20pum : Electron Image 1

Spectrum 3

0.5 1 1.5 2 25 3 35 4 45 5 5.5 6 6.5
Full Scale 3455 cts Cursor: 0.130 (29 cts) keV

Figura G.4 Campione HT1K 500°C cross old_04
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:Spectrum 2

{ 50um ' Electron Image 1

Spectrum 1

0.5 1 1.5 2 25 3 35 4 45 5 55 6 6.5
Full Scale 5514 cts Cursor: 0.120 (24 cts) keV

Figura G.5 Campione HT1K 500°C cross_05
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iSpectrum 2

f 50um ! Electron Image 1

0.5 1 1.5 2 25 3 3.5 4 45 5 5.5 6 6.5
Full Scale 4601 cts Cursor: 0.109 (10 cts) keV

Figura G.6 Campione HT1K 500°C cross_06
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: 50um , Electron Image 1

Spectrum 1
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Full Scale 7977 cts Cursor: 0.128 (26 cts) keV

Figura G.7 Campione HT1K 500°C cross 2_01
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: 50pm : Electron Image 1

0.5 1 1.5 2 25 3 3.5 4 45 5 5.5
Full Scale 6894 cts Cursor: 0.117 (20 cts) keV

Figura G.8 Campione HT1K 500°C cross 2_02
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! 50um ! Electron Image 1

Spectrum 1

0.5 1 15 2 25 3 35 4 45 5 55 8 6.5 7
Full Scale 2836 cis Cursor: 0.143 (19 cts) keV

Figura G.9 Campione HT1K 500°C cross 2_03
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05 1 15 2 25 3 3.5 4 45 5 55 3 6.5 7
Full Scale 2964 cts Cursor: 0.133 (21 cts) keV

Figura G.10 Campione HT1K 500°C cross 2_04
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f 50um ! Electron Image 1

1 1.5 2 25 3 35 4 45 5 5.5 6 6.5 7
Full Scale 5143 cts Cursor: 0.108 (16 cts) keV

0.5

Figura G.11 Campione HT1K 500°C cross 2_05
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4Spectrum 3

f 100um ! Electron Image 1

A 1 1.5 2 25 3 35 4 45 5
Full Scale 6855 cts Cursor: 0.090 (23 cts) keV

Figura G.12 Campione HT1K 350°C 3 bar cross old_01
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JSpectrum 1

! 200um . Electron Image 1

Spectrum 1

0.5 1 1.5 :
Full Scale 3060 cts Cursor: 0.121 (17 cts) keV

Figura G.13 Campione HT1K 350°C 3 bar cross old_02
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+Spectrum 3

+Spectrum 4

¢Spectrum 5

J 200um ! Electron Image 1

.5 1 1.5 2 25 3 35 4 45 5
Full Scale 5539 cts Cursor: 0.090 (27 cts) keV

Figura G.14 Campione HT1K 350°C 3 bar cross old_03
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J 200pm : Electron Image 1

Spectrum 1

0.5 1 15 2 25 3 3.5 4 45 5
Full Scale 11352 cts Cursor: 0.145 (40 cts) keV

Figura G.15 Campione HT1K 350°C 3 bar cross_04
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J 200um ¢ Electron Image 1

Spectrum 3

0.5 1 1.5 2 25 3 35 4 45 5
Full Scale 9535 cts Cursor: 0.139 (47 cts) keV

Figura G.16 Campione HT1K 350°C 3 bar cross_05
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! 100pm ! Electron Image 1

0.5 1 1.5 2 3 3 X ;
Full Scale 7152 cts Cursor: 0.125 (28 cts) keV

Figura G.17 Campione HT1K 350°C 3 bar cross_06
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; 200um : Electron Image 1

Spectrum 1

0.5 1 1.5 2 25 3 35 4 45 5 55 8 6.
Full Scale 12667 cts Cursor: 0.124 (30 cts) keV

Figura G.18 Campione HT1K 350°C 3 bar cross_07
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+Spectrum 4

¢Spectrum 3

f 300um ! Electron Image 1

e o o e LA S e e e e i T T T T T
0.5 1 1.5 2 25 3 35 - 45 5
Full Scale 5937 cts Cursor: 0.072 (100 cts) keV

Figura G.19 Campione HT1K 350°C 6 bar cross old_01
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#iSpectrum 4

Specirum 2

: 100pm : Electron Image 1

Spectrum 2

LI B m e o e B B S SR s m e e e — T - A B
0.5 1 15 2 25 3 35 4 4.5 5
Full Scale 9836 cts Cursor: 0.086 (103 cts) keV

Figura G.20 Campione HT1K 350°C 6 bar cross old_02
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’ 100um : Electron Image 1

Spectrum 1

0.5 1 1.5 2 25 3 35 4 45 5 55 6 6.5 7
Full Scale 68963 cts Cursor: 0.161 (32 cts) keV

Figura G.21 Campione HT1K 350°C 6 bar cross bis_01
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-*Spectrum 3

JSpectrum 5

J 100um X Electron Image 1

Spectrum 3

0.5 1 1.5 2 25 3 35 4 45 5 55 3 6.5 7
Full Scale 7142 cts Cursor: 0.163 (44 cts) keV

Figura G.22 Campione HT1K 350°C 6 bar cross bis_02
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% Spectrum 1

(I8

: 50um ! Electron Image 1

Spectrum 1

0.5 1 15 , u
Full Scale 6641 cts Cursor: 0.172 (85 cts) keV

Figura G.23 Campione HT1K 350°C 6 bar cross bis_03
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r 5000m 1 Mix

K Ka1

Figura G.24 Campione HT1K 350°C 6 bar maps_01

Electron Image 1 Mg Ka1_2

Al Ka1 K Ka1

T Zo0pm 1 Mix

Figura G.25 Campione HT1K 350°C 6 bar maps_02
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Electron Image 1 Mg Kai_2
AlKat K Kat

f 300pum ! Mix

Figura G.26 Campione HT1K 350°C 6 bar maps_03
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) 50um J Electron Image 1
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Full Scale 5050 cts Cursor: 0.094 (16 cts) keV

1

Figura G.27 Campione HT2 800°C cross old_01
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Spectrum 4-igo0ctym 5

! 50pm ! Electron Image 1

0.5 1 1.5 2 25 3 35 < 45 5 5.5
Full Scale 6488 cts Cursor: 0.095 (16 cts) keV

Figura G.28 Campione HT2 800°C cross old_02
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‘Spectrum 2%

f 20um ! Electron Image 1

05 1 1.5 2 25 3 35 4 45 5 5.5 6 6.5 7
Full Scale 8695 cts Cursor: 0.114 (47 cts) keV

Figura G.29 Campione HT2 800°C cross old_03
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f 20um ! Electron Image 1

0.5 1 1.5 2 25 3 35 4 45 5 55 6 6.5 7
Full Scale 11157 cts Cursor: 0.110 (21 cts) keV

Figura G.30 Campione HT2 800°C cross_04
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f"{Spectrum 1
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! 20um ! Electron Image 1

Spectrum 1

0.5 1 15 2 25 3 35 4 45 5 55 [ 6.5 7§
Full Scale 11400 cts Cursor: 0.137 (31 cts) keV

Figura G.31 Campione HT2 800°C cross_05

92



»

'JSpectrum 4

2

; 20um : Electron Image 1

; 1 1.5 2 25 3 35 4 45 5
Full Scale 4136 cts Cursor: 0.101 (24 cts) keV

Figura G.32 Campione HT2 800°C cross_06
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! 20um ; Electron Image 1

Spectrum 1

0.5 1 15 2 25 3 35 4 45 5 5.5
Full Scale 6795 cts Cursor: 0.000 keV

Figura G.33 Campione HT2 600°C 3 bar cross old_01
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“Spectrum 2

¢ 20um : Electron Image 1

Spectrum 1

05 1 1.5 2 25 3 35 4 45 5 55
Full Scale 7115 cts Cursor: 0.141 (60 cts) keV

Figura G.34 Campione HT2 600°C 3 bar cross old_02
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0.5 1 1.5 2
Full Scale 7591 cis Cursor: 0.121 (29 cts) keV

25 3 3.5 4 45 5 5.5 6

Figura G.35 Campione HT2 600°C 3 bar cross_03
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' 20um ) Electron Image 1
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Full Scale 7863 cts Cursor: 0.136 (23 cts) keV

Figura G.36 Campione HT2 600°C 3 bar cross_04
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Full Scale 6552 cts Cursor: 0.117 (18 cts) keV

Figura G.37 Campione HT2 600°C 3 bar cross_05
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0.5 1 15 2 25 3 35 4 45 5 55
Full Scale 6175 cts Cursor: 0.128 (26 cts) keV

Figura G.38 Campione HT2 600°C 3 bar cross_06
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Spectrum 2

0.5 1 15 2 25 3 35 4 45 5 5.5
Full Scale 5298 cts Cursor: 0.124 (44 cts) keV

Figura G.39 Campione HT2 600°C 6 bar cross old_01
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Figura G.40 Campione HT2 600°C 6 bar cross old_02
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Spectrum 1

0.5 1 15 2 25 3 3.5 4 45 5
Full Scale 4589 cts Cursor: 0.131 (67 cts) keV

Figura G.41 Campione HT2 600°C 6 bar cross_03
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f 20um ! Electron Image 1

0.5 1.5 2 25 3 35 4 45 5
Full Scale 11146 cts Cursor: 0.118 (29 cts) keV

Figura G.42 Campione HT2 600°C 6 bar cross_04
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f 20um ! Electron Image 1

Spectrum 4

0.5 1 1.5 2 25 3 35 4 45 5
Full Scale 9319 cts Cursor: 0.120 (35 cts) keV

Figura G.43 Campione HT2 600°C 6 bar cross_05
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+Spectrum 2

"Spectrum 4

! 20um v Electron Image 1

Spectrum 2
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Full Scale 4557 cts Cursor: 0.106 (18 cts) keV

Figura G.44 Campione HT3 800°C cross old_01
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“Spectrum 1

‘J'Spectrum 3

: 20um ! Electron Image 1

Spectrum 1
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Full Scale 4671 cts Cursor: 0.105 (16 cts) keV

Figura G.45 Campione HT3 800°C cross old_02
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+Spectrum 1

J 100um ! Electron Image 1
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Full Scale 2903 cts Cursor: 0.100 (17 cts) keV

Figura G.46 Campione HT3 800°C cross old_03
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