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7.15. Appendix O
7.15.1. Thermal decomposition analysis of gluconic acid
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7.15.2. Thermal decomposition analysis of calcium gluconate

monohydrate
r 5 20.0
: ﬁ —TG = = DSC -
: ' .
c 1 & 1 150
L lI & -
r " ¢ ]
[ L ¢ 1
L ' ’ B
r ! r 10.0
L ' ] & q
L ' 1 \d ]
: s T :
. P LEA 5.0
E - _\ :
r s 7 7
L L b
; -, W7 i 0.0
i * - ]
C I I I I I I I I 5.0
0 100 200 300 400 500 600 700 800 900
Temperature (°C)
DSC/TGA analysis of calcium gluconate monohydrate in air
: 150
i \ — TG --- SDTA |
r N 4
i \ " 140
i \\ ' 130
i . \ C 120
: A L | 10
SEEEEE V. ' . \\ 1 0.0
R . 1.0
C I I | | | | | | | ] 2.0
0 100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

SDTA/TGA analysis of calcium gluconate monohydrate in air

DSC response (°C)

SDTA response (°C)



Mass loss (%)

University of Pretoria — Labuschagne, FJWJ (2003)
Appendix O

7-72

=TG = = DSC

100 200 300 400 500 600 700 800

Temperature (°C)

DSC/TGA analysis of calcium gluconate monohydrate in argon

900

0.5

0.0

-1.0

-1.5

DSC response (mW/mg)



University of Pretoria — Labuschagne, FJWJ (2003)

Appendix

O

7-73

Mass loss (%)

Mass loss (%)

-100

-100

7.15.3. Thermal decomposition analysis of ammonium gluconate

hydrate
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7.15.4. Thermal decomposition analysis of the leached silica (ex Foskor)
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7.15.5. Thermal decomposition analysis of the expandable graphite (ex
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7.16. Appendix P

7.16.1. XRD pattern of calcium gluconate monohydrate
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Operations: Background 0.000,1.000 | Import
[L1100775 (*) - Calcium gluconate hydrate - C12H22Ca014-H20/Ca(C6H1107)2:H20 -Y: 140.00 % -d x by: 1.- WL:1.5406 -0 -
XRD spectrum of calcium gluconate monohydrate
7.16.2. XRD pattern of ammonium gluconate hydrate
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XRD spectrum of ammonium gluconate
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7.16.3. XRD pattern of Leached silica from Foskor Pty. Ltd.
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wsiOZ -File: johan2009.raw - Type: 2Th/Thlocked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Creation: 5/17/00 11:44:07 AM
Operations: Background 0.000,1.000 |Import

[L33-1161 () - Quartz, syn - SiO2 - Y: 89.58 % -d x by: 1.- WL: 1.5406 - 0 -
26-0911 (1) - llite-2M1 - (K,H30)AI2Si3AI010(OH)2 -Y:50.00 % -d x by: 1.- WL:1.5406 - 0 -

[T1]10-0357 (N) - Sanidine, potassian, disordered, syn - (Na,K)(Si3A)O8 - Y: 18.75 % - d x by: 1. -WL: 1.5406 -0 -
41-1370 () - Diopside - Ca(Mg,Al)(Si,Al)206 - Y: 25.00 % - d x by: 1. -WL: 15406 -0 -

[[1121-0683 (N) - Potassium Sufate - K25207 -Y: 27.08 % - d x by: 1. - WL: 15406 -0 -

XRD spectrum of Leached silica from Foskor Pty. Ltd.
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7.16.4. XRD pattern of calcium gluconate monohydrate pyrolised in air
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10-0775 (*) - Calcium gluconate hydrate - C12H22Ca014H20/Ca(C6H1107)2-H20 -Y: 100.00 % -d xby:1.- WL: 1.5406 - Orthorhombic -

XRD spectrum of calcium gluconate pyrolysed at 100°C for 5 min in air.
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XRD spectrum of calcium gluconate pyrolysed at 150°C for 5 min in air
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WCaGIUC 200C - File: Johan20022.raw - Type: 2Th/Th locked - Start:3.000 °- End: 69.990 ° - Step: 0.030 °-Step time: 1.5 s -Temp.: 25 °C (Room) - Creation: 7/3/00 3:43:29 PM
Operations: Background 0.021,1.000 | Im port
100774 (Q) - Calcium gluconate - C12H22Ca014/Ca(C6H1107)2-Y:117.47 %-d xby: 1.-WL: 15406 -0 -

XRD spectrum of calcium gluconate pyrolysed at 200°C for 5 min in air
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XRD spectrum of calcium gluconate pyrolysed at 250°C for 5 min in air
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WCaGluc 300C - File: Johan20021.raw - Type: 2Th/Th locked - Start:3.000 °- End: 69.990 ° - Step: 0.030 °-Step time: 1.5 s -Temp.: 25 °C (Room) - Creation: 7/3/00 2:41:59 PM
Operations: Background 0.014,1.000 | Import
[T1]05-0586 (*) - Calcite, syn -CaCO3 - Y: 5350 % -d x by: 1.- WL: 1.5406 - 0 -
LL__|_|37-1497 (*) - Lime,syn-CaO-Y: 46.81 %-dxby: 1. -WL:1.5406 -0 -
XRD spectrum of calcium gluconate pyrolysed at 300°C for 5 min in air
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[Lo5-0586 () - Calcite, syn - CaCO3 -d x by: 1.000

XRD spectrum of calcium gluconate pyrolysed at 400°C for 5 min in air — light material (top of polytop™)
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2-Theta - Scale
WCaGIuc 400C dark - File: Johan20024 raw - Type: 2Th/Th locked - Start: 3.000 °-End: 69.990° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Creation: 7/3/005:46:32 PM
Operations: Background 0.021,1.000 | Import
[[1o5-0586 (*) - Calcite, syn -CaCO3 - Y: 5830 % -d xby: 1.- WL: 15406 -0 -

XRD spectrum of calcium gluconate pyrolysed at 400°C for 5 min in air — dark material (bottom of polytop™)
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ERlcaGluc 500C dark- File: Johan20025.raw - Type: 2T h/Th locked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25.0 °C (Room) - Creation: 07/03/00 18:48:05
[L105-0586 () - Calcite, syn - CaCO3 - d x by: 1.000

XRD spectrum of calcium gluconate pyrolysed at 500°C for 5 min in air — light material (top of polytop™)
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2-Theta - Scale

WCaGIuc 400C dark - File: Johan20024 raw - Type: 2Th/Th locked - Start: 3.000 °-End: 69.990° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Creation: 7/3/005:46:32 PM
Operations: Background 0.021,1.000 | Import
[[1o5-0586 (*) - Calcite, syn -CaCO3 - Y:5830 % -d xby: 1.- WL: 15406 -0 -

XRD spectrum of calcium gluconate pyrolysed at 500°C for 5 min in air — dark material (bottom of polytop™)
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RAlcaGluc 600C light - File: Johan20020.raw - Type: 2 Th/T h locked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25.0 °C (Room) - Creation: 07/03/00 13:40:18
m05-0586 (*) - Calcite, syn -CaCO3 -d x by: 1.000
10-0775 (*) - Calcium gluconate hydrate - C12H22Ca014-H20/Ca(C6H1107)2-H20 -d x by: 1.000

XRD spectrum of calcium gluconate pyrolysed at 600°C for 5 min in air — light material (top of polytop™)
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mCaGIuc 600C dark - File: Johan20027.raw - Type: 2T h/Th locked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25.0 °C (Room) - Creation: 07/03/00 20:51:08
m05-0586 (*)- Calcite, syn -CaCO3 -d x by: 1.000

XRD spectrum of calcium gluconate pyrolysed at 600°C for 5 min in air — dark material (bottom of polytop™)
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WCA GLUE@700 -File: JOHANO1-36.raw - Type: 2Th/Thlocked - Start: 3.095 ° - End: 70.118 ° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room)- Time Started: 0 s -2-Theta: 3.095 ° - Theta: 1.500
D]05-0586 (*)- Calcite, syn - CaCO3 - Y:98.55 % -d xby: 1.- WL: 15406 - Rhombohedral- lic PDF 2. -

XRD spectrum of calcium gluconate pyrolysed at 700°C for 5 min in air
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ﬁCA GLUE @ 750 - File: JOHANO1-31.raw - Type: 2Th/Thlocked - Start: 3000 °- End: 70.040 ° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25°C (Room) - Time Started: 0 s - 2-Theta: 3.000 °- Theta: 1.50
04-0733(l) - Portiandite,syn- Ca(OH)2 - Y: 90.00 % - d x by: 1. - WL: 1.5406 - Hexagonal-lic PDF 1.4 -
[[1l05-0586 (*) - Calcite, syn-CaCO3 - Y: 100.00 % - d x by:1.-WL: 15406 - Rhombohedral - Vc PDF 2. -
[11137-1497 (*) - Lime, syn -CaO - Y: 49.32 %- d x by: 1. -WL: 1.5406 - Cubic-

XRD spectrum of calcium gluconate pyrolysed at 750°C for 5 min in air
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37-1497 (*) - Lime, syn-CaO - Y: 97.92 % -d xby: 1.-WL: 15406 -Cubic -
[[144-1481 (*) - Portlandite, syn - Ca(OH)2 - Y: 37.50 %- d x by: 1. - WL 1.5406 - Hexagonal - llc PDF 2.9 -

XRD spectrum of calcium gluconate pyrolysed at 800°C for 5 min in air
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XRD spectrum of calcium gluconate pyrolysed at 1000°C for 5 min in air
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7.16.5. XRD pattern of calcium gluconate pyrolised in nitrogen
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mca-GluC 200C N2 -File: johan20029 raw - Type: 2T h/Th locked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s -Temp.: 25.0 °C (Room) - Creation: 07/06/00 17:35:51
10-0774 (Q) -Calcium gluconate - C12H22Ca014/Ca(C6H1107)2 -d x by: 1.000

XRD spectrum of calcium gluconate pyrolysed at 200°C for 5 min in nitrogen
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mca»Gluc 300C N2 - File: johan20031 raw - Type: 2T h/Th locked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25.0 °C (Room) - Creation: 07/06 /00 19:38:56

XRD spectrum of calcium gluconate pyrolysed at 300°C for 5 min in nitrogen
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wca-Gluc 400C N2 - File: johan20032 raw - Type: 2T h/Th locked - Start: 3.000 ° - End: 69.990 ° - Step: 0.030 ° - Step time: 1.5 s - Temp.: 25.0 °C (Room) - Creation: 07/06 /00 20:40:28

XRD spectrum of calcium gluconate pyrolysed at 400°C for 5 min in nitrogen
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Operations: Background 0.000,1.000 |Import

E

XRD spectrum of calcium gluconate pyrolysed at 500°C for 5 min in nitrogen
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XRD spectrum of calcium gluconate pyrolysed at 600°C for 5 min in nitrogen
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XRD spectrum of calcium gluconate pyrolysed at 700°C for 5 min in nitrogen
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XRD spectrum of calcium gluconate pyrolysed at 850°C for 5 min in nitrogen
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CaCiluc@ 1000 C - File: JOHANO02-26 C.raw - Type: 2Th/Th locked - Start: 3.671 °- End: 69.731° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.671 ° - Theta: 2000 °- Chi:
37-1497 (*) - Lime, syn - CaO - Cubic -
04-0733 (1) - Portlandite, syn - Ca(OH)2 - Hexagonal - I/lc PDF 1.4 -
47-1743 (C) - Calcite - CaC O3 - Rhombohedral -

XRD spectrum of calcium gluconate pyrolysed at 1000°C for 5 min in nitrogen
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7.16.6. XRD pattern of calcium gluconate monohydrate — leached silica

mixtures pyrolised in air

2-Theta - Scale

W’I 11 massa - File: johan20006.raw - Type:2Th/Thlocked - Start: 3.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room)- Creation: 5/3/00 1:19:05 PM
Operations: Background 0.098,1.000 | Import

D]OS-OSBG(’) - Calcite, syn-CaCO3-Y:9960 % -d xby:1.- WL: 1.5406-0-

[1.]42-1437 () - Biotite-1M - K(M g ,Fe+2)3(AlF e +3)Si3010(OH,F)2 - Y: 32.69% - d x by: 1. -WL: 15406 - 0 -
37-1496 (*) - Anhydrite, syn - CaS04 - ¥:62.28 % -d xby:1. -WL: 15406 -0 -

XRD spectrum of 1:1 mass ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air
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Lin (Counts)
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2-Theta - Scale

m0.5:1 600C -File: johan20008.raw - Type: 2Th/Th locked - Start: 3.000 ° -End: 70.000 °-Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Creation: 5/3/00 2:53:48 PM
Operations: Background 0.014,1.000 |Import

m05-0586 (*)- Calcite, syn - CaCO3 - Y:100.00 % -d xby: 1.- WL: 1.5406 - 0 -

[L1l42-1437 (I) - Biotite-1M - K(Mg,Fe+2)3(Al,Fe+3)Si3010(0OH,F)2 - Y: 10.94 % -d xby: 1.- WL: 1.5406 -0 -
37-1496 (*) - Anhydrite, syn - CaS0O4 -Y:10.42 % -d xby: 1. -WL: 1.5406 - 0 -
39-0381 (N) - Chlorite-vermiculite-montmorillonite - Na0.5A16(Si,Al)8020(0H)10-H20 -Y: 10.42 % -d xby: 1.-WL:1.5406 - 0 -

w
5

7

XRD spectrum of 0.5:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air
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2-Theta - Scale
1 11 600C - File: johan20004.raw - Type: 2Th/Thlocked - Start: 3.000 ° - End: 65.000 ° - Step: 0.040 ° - Step time: 5. s -Temp.: 25 °C (Room)-Creation: 4/19/00 10:11:53 PM
Operations: Background 0.098,1.000 |Import
[T1l05-0586 (*) - Calcite, syn-CaCO3 - Y: 100.00 % - d x by: 1.-WL: 1.5406 -0 -
[11l42-1437 (1) - Biotite-1M - K(Mg,Fe+2)3(AlF e+3)Si3010(OH,F)2 - Y: 26.56 % - d x by: 1.-WL: 1.5406 - 0 -
[11137-1496 (*) - Anhydrite, syn - CaS04 - Y:5.67 % -d x by: 1.-WL:1.5406 -0 -

XRD spectrum of 1:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air

7000
6000

5000

Lin (Counts)
g

w
8
5

2000
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2-Theta - Scale

w2:1 600C - File: johan20003.raw - Type: 2Th/Thlocked - Start: 3.000 ° -End: 65.000 ° - Step: 0.040 ° - Step time: 5. s - Temp.: 25 °C (Room) - Creation: 4/19/00 7:57:26 PM
Operations: Background 0.098,1.000 |Import

[11105-0586 (*)- Calcite, syn - CaCO3 - Y: 103.14 % - d x by: 1.- WL: 1.5406 - 0 -

[11142-1437 (1) - Biotite-1M - K(Mg,Fe+2)3(Al,Fe+3)Si3010(OH,F)2 - Y:6.44 % - d x by: 1.-WL: 1.5406 - 0 -

[11]37-1496 (*) - Anhydrite, syn - CaSO4 -Y:3.07 % -d xby: 1.- WL: 1.5406 - 0 -
39-0381 (N) - Chlorite-vermiculite-montmorillonite - Na0.5A16(Si,A)8020(0H)10-H20 -Y:3.07 % -d xby: 1. - WL: 1.5406 - 0 -

XRD spectrum of 2:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air
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2-Theta - Scale
3:1 600C - File: johan20007.raw - Type: 2Th/Thlocked - Start: 3.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room)- Creation: 5/3/00 2:06:27 PM
Operations: Background 0.091,1.000 | Import
[T1l05-0586 (*) - Calcite, syn-CaCO3 - Y: 102.99 % - d x by: 1.-WL: 1.5406 -0 -
[11l42-1437 (1) - Biotite-1M - K(Mg,Fe+2)3(AIF e+3)Si3010(0OH,F)2 - Y: 1.15 % -d xby: 1. - WL: 1.5406 - 0 -
[11137-1496 (*) - Anhydrite, syn - CaS0O4 - Y:0.82 % -d x by: 1.-WL:1.5406-0 -
39-0381(N)- Chlorite-vermiculite-montmorillonite - Na0.5AI6(Si,Al)8020(0OH)10-H20 - Y:1.10 % -d xby: 1.-WL: 15406 - 0-

XRD spectrum of 3:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air
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2-Theta - Scale

W4:1 600C - File: johan20001.raw - Type: 2Th/Thlocked - Start: 3.000 ° - End: 65.000 ° - Step: 0.040 ° - Step time: 5. s - Temp.: 25 °C (Room)-Creation: 4/19/00 3:28:25 PM
Operations: Background 0.000,1.000 | Import

[[1]05-0586 (*) - Calcite, syn-CaCO3 - Y: 123.56 % - d x by: 1. -WL: 1.5406 -0 -

[1.]42-1437 () - Biotite-1M - K(Mg.Fe+2)3(AlF e +3)Si3010(OH,F)2 - Y:4.16 % -d xby: 1. - WL: 1.5406 - 0 -

[11137-1496 (*) - Anhydrite, syn - CaS0O4 - Y: 1.98 % - d x by: 1. - WL: 1.5406 -0 -
39-0381(N)- Chlorite-vermiculite-montmorillonite - Na0.5AI6(Si,Al)8020(OH)10-H20 - Y: 1.98 % -d xby: 1.-WL:1.5406 - 0-

XRD spectrum of 4:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air
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mul’i'!hm

60

mlﬂm,” s I |

30

2-Theta - Scale
4:1 400C - File: phan20002.raw - Type: 2Th/Thlocked - Start: 3.000 ° -End: 65.000 ° - Step: 0.040 ° - Step time: 5. s- Temp.: 25 °C (Room) - Creation: 4/19/00 5:42:54 PM
Operations: Background 0.000,1.000 |Import
[L05-0586 (*)- Calcite, syn - CaCO3 - Y: 139.74 % - d x by: 1.- WL: 15406 - 0 -

XRD spectrum of 4:1 mole ratio calcium gluconate and leached silica pyrolysed at 400°C for 5 min in air
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60

2-Theta - Scale

w4:1 1000C - File: johan20005.raw - Type: 2Th/Thlocked - Start: 3.000 °- End: 70.000 ° - Step: 0.0 DF -4:11000C - johan20005.dif - Y: 5.64 % -d xby:1.-WL:1.5406 -0 -
Operations: Background 0.098,1.000 |Import

[11105-0586 (*)- Calcite, syn - CaCO3 - Y: 4.57 % -d x by: 1. -WL: 1.5406 - 0 -

[11142-1437 (1) - Biotite- 1M - K(Mg,Fe+2)3(Al,Fe+3)Si3010(OH,F)2 - Y:3.00 % - d x by: 1. -WL: 1.54

E37-1496 (*)- Anhydrite, syn - CaS04 -Y: 110.50 % -d xby: 1.-WL: 1.5406 -0 -
37-1497 (*)- Lime, syn-CaO - Y: 6042 % -d xby: 1.- WL: 1.5406 -0 -
04-0733 (I)- Portlandite, syn- Ca(OH)2 - Y: 20.83 % - d x by: 1. -WL: 1.5406 -0 -

[[1139-1425 (*)- Cristobalite, syn - SiO2 - Y:4.17 % - d x by: 1.- WL: 1.5406 - 0 -

spectrum of 4:1 mole ratio calcium gluconate and leached silica pyrolysed at 1000°C for 5 min in air
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7.16.7. XRD pattern of ammonium gluconate hydrate pyrolised in air

3 10 20 30 40 50 60 7C

2-Theta - Scale
mNH4gLUC@3000 - File:JOHANO1-7 raw - Type: 2Th/Th locked - Start: 3.000 °- End: 70.000 ° - Step: 0.040 °- Step time: 1.5s - Temp.: 25°C (Room) - Time Started: 0 s - 2-Theta: 3.000 ° -Theta: 1.50

XRD spectrum of ammonium gluconate pyrolysed at 300°C for 5 min in air

3 10 20 30

I s AN M

2-Theta - Scale

WNH4 GLUC 400C -File: JOHANO1-18.raw- Type: 2Th/Thlocked - Start: 3.000 °- End: 70.000 ° - Step: 0.040 °- Step time: 1.5 s- Temp.: 25 °C (Room)- Time Started: 0 s - 2-Theta: 3.000 °- Theta: 1.50

XRD spectrum of ammonium gluconate pyrolysed at 400°C for 5 min in air
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3 10 20 30 40 50 60

2-Theta - Scale

WNHAGLUC@SOOC -File:JOHANO1-13.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time:1.5s -Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000° - Theta: 1.5

XRD spectrum of ammonium gluconate pyrolysed at 500°C for 5 min in air
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30

2-Theta - Scale

WNH4GLUC 600C - File: JOHAN122.raw - Type: 2Th/Th locked - Start: 3.000 ° -End: 70.000 ° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000 °

XRD spectrum of ammonium gluconate pyrolysed at 600°C for 5 min in air

- Theta: 1.500 °

7C
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3 10 20 30 40 50 60 70

2-Theta - Scale

WNH4 GLUC 700C -File: JOHANO1-41.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.040 °- Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room)- Time Started: 0 s - 2-Theta: 3.000 ° - Theta: 1.500
Operations: Background 0.000,1.000 |Import

XRD spectrum of ammonium gluconate pyrolysed at 700°C for 5 min in air

2-Theta - Scale

WNH4GLUC 800C - File: JOHAN121 raw - Type: 2Th/Th locked - Start: 3.000 °- End: 70.000 ° - Step: 0.040 ° - Step time: 1.5s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000 ° - Theta: 1.500 °

XRD spectrum of ammonium gluconate pyrolysed at 800°C for 5 min in air
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2-Theta - Scale

WNH4 @ 1000 - File: JOHANO1-35.raw - Type: 2Th/Thlocked - Start: 3.000 ° - End: 70.040 ° - Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room) - Time Started: 0 s -2-Theta: 3.000 ° - Theta: 1.500 ° -
Operations: Background 0.000,1.000 |Import

XRD spectrum of ammonium gluconate pyrolysed at 1000°C for 5 min in air
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7.16.8. XRD pattern of ammonium gluconate pyrolised in nitrogen

3
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10 20 30 40 50 60 70

2-Theta - Scale

WNH4 GLUE @ 500 N2 - File: JOHANO1-40.raw - Type: 2Th/Thlocked - Start: 3.000 ° -End: 70.040 ° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000 ° - Theta:

3

Operations: Background 0.000,1.000 |Import

XRD spectrum of ammonium gluconate pyrolysed at 300°C for 5 min in nitrogen

10 20 30 40 50
2-Theta - Scale

mNHztGLUC@AOOC IN N2 - File: JOHANO1-1.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.000 °- Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000 ° - Theta

Operations: Background 0.000,1.000 |Import

XRD spectrum of ammonium gluconate pyrolysed at 400°C for 5 min in nitrogen



600

500

400

300

Lin (Counts)

200

400

@
8
5]

Lin (Counts)

N
8
5]

100

0

University of Pretoria — Labuschagne, FJWJ (2003)
Appendix P 7-99

3 10 20 30 40 50 60 70

2-Theta - Scale

WNH4 GLUC 500C -File: JOHANO1-44 raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.040 °- Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room)- Time Started: 0 s - 2-Theta: 3.000 ° - Theta: 1.500
Operations: Background 0.000,1.000 |Import

XRD spectrum of ammonium gluconate pyrolysed at S00°C for 5 min in nitrogen
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2-Theta - Scale

WNH4GLUC@GOOC N N2 - File: JOHANO1-8.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 1.5 s- Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000 ° -

XRD spectrum of ammonium gluconate pyrolysed at 600°C for 5 min in nitrogen
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2-Theta - Scale
WNH4 GLUC 850 INN2 - File: JOHANO1-19 raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3.000 ° - Theta:

XRD spectrum of ammonium gluconate pyrolysed at 850°C for 5 min in nitrogen
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BUNH4 GLUC 1000C IN N2 - File: JOHANO1-17 raw - Type: 2Th/Th locked - Start: 3.000 ° -End: 70.000 ° - Step: 0.040 °- Steptime: 15 's - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 3000 ° - Thet

7C

XRD spectrum of ammonium gluconate pyrolysed at 1000°C for 5 min in nitrogen
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0

7.16.9. IR spectra of calcium gluconate monohydrate pyrolised in air
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7.16.10. IR spectra of calcium gluconate pyrolised in nitrogen
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7.16.11. IR spectra of ammonium gluconate hydrate pyrolised in air
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7.16.12. IR spectra of ammonium gluconate pyrolised in nitrogen
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7.17. Appendix Q

7.17.1. Thermal conductivity results from the SABS

Friday, September 29, 2000, Tim
WinTherm32 Version 2.11
Instrument Program Version 38

Instrument Serial Number: 288

Sample Name: TKUP!
Sample Thickness: 5.025cm

[ Polystyrene sample ]
Sample Thickness obtained

TEST RUN

1450b
instrumen

Calibration used
Calibration read from

Number of transdusers
Number of transdusers

per plate
used per

Number of Setpoints: 2

Block Averages for setpoint 1 i

Tupper Tlower Qupper Qlower
el [°cl [nv] [nv]
10.01 35.0% -1676 1930
10.01 35.02 -1670 1935
10.01 35.02 ~1669 1931
10.01 35.02 -1669 1928
10.01 35.02 -1669 1927
10.01 35.02 -1669 1924
10.01 35.02 -1668 1923
o jpel o}y I 35.02 -1667 1922
10.01 35502 -1666 1922
10.01 35.02 -1665 1921

Friday, September 29, 2000, Tim

Setpoint Neo. il

Setpoint Upper: 0% 0D
Setpoint Lower: 35.00 °
Temperature Upper: 10.01 °
Results Upper:
Temperature Lower: 35.02

Results Lower:
Percent Difference: 0.12%

Experiment's Criteria:
Temperature Egquilibrium
Between Block HEM Equil
HFM Percent Change:

Min Number of Blocks:
Calculation Blocks:

Block Averages for setpoint 2 i

Tupper Tlower Qupper Qlower
(°cj [°cl [uv] [kV]
30.02 50.02 -1428 1700
30.03 50.03 -1439 1687
30.02 50.02 -1444 1682
30.02 50.01 -1443 1686
30.02 50.03 -1443 1687
30.02 50.02 -1446 1680
30.02 50.01 -1446 1681
30.02 50.02 -1447 1678
30.02 50.02 ~1446 1681
30.02 50.01 -1446 1677

Friday, September 29, 2000, Tim

Setpoint No. 2

Setpoint Upper: 30.00 °
Setpoint Lower: 50.00 °
Temperature Upper: 30.02 °
Results Upper:
Temperature Lower: 50.02

Results Lower:

Percent Difference: 1.08%

Experiment's Criteria:

Temperature Equilibrium:
Between Block HFM Equil.:

HFM Percent Change:
Min Number cf Blocks:
Calculation Blocks:

Results Table -- SI Units
Mean Temp Upper Cond
22252 0.04006
40.02 0.04230

e 08:28

from instrument

t

s 1
plate: 1

n SI units

Lambda

[W/mK]
.04023
.04021
.04015
.04012
.04010
.04007
.04004
.04003
.04002
.03999

[eNeoNoNeoleNoNeNe Nl

e 09:24

0.04006 W/mK

0.04001 W/mK

H 0.20
St 70
2.00
10
5

n SI units

Lambda

[W/mK]
.04252
.04250
.04253
.04257
.04256
.04252
.04256
.04252
.04255
.04251

OO0 OOOC

e 10:24

0.04230 W/mK

0.04276 W/mK

0.20
70
2.00
10
5

Lower Cond
0.04001
0.04276

Average Cond
0.04003
0.04253
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Friday, September 29, 2000,
WinTherm32 Version 2.11
Instrument Program Version 38

Instrument Serial Number: 288

Sample Name: TKUP2

Sample Thickness: 5.027cm

Time 11:09

[ Polystyrene sample with sample in the middle

Sample Thickness obtained

from instrument

TEST ROUN

Calibration used 1450b

Calibration read from instrument

Number of transdusers per plate: 1
Number of transdusers used per plate: i

Number of Setpoints: 2

Block Averages for setpoint 1 in SI units

Tupper Tlower Qupper Qlower Lambda
[°cl [°cl [pv] [uv] [W/mK]
10.00 35.01 -1741 1960 0.04132
10.01 35.02 -1725 1959 0.04112
10.01 35.02 -1715 1948 (.04088
10.01 35502, -1708 1943 0.04074
10.01 35.02 -1700 1933 0.04055
10.01 35.02 -1698 1921 0.04041
10.01 35.02 -1695 1918 0.04034
10.00 35.02 -1682 1919 0.0401%
10.02 35.02 -1674 1919 0.04010
10.02 35.03 -1675 1916 0.04007

Friday, September 23, 2000, Time 12:09

Setpoint No. 1

Setpoint Upper: 10.00 °C

Setpoint Lower: 35.00 °cC
Temperature Upper: 10.01 °C
Results Upper: 0.04050 W/mK
Temperature Lower: 35.02 °C

Results Lower:

Percent Difference: 1.39%

Experiment's Criteria:
Temperature Equilibrium
Between Block HFM Equil
HFM Percent Change:

Min Number of Blocks:
Calculation Blocks:

0.03994 W/mK

3 0.20
o8 70
2.00
10
=)

Block Averages for setpoint 2 in SI units

Tupper Tlower Qupper Qlower Lambda
[°cj [°cl [nv] [nv] [W/mK]
30.02 50.01 -1462 1706 0.04311
30.02 50.03 -1460 1711 0.04313
30.02 50.03 -1461 1687 0.04283
30.02 50.02 -1458 1677 0.04267
30.02 50.03 -1455 1675 0.04259
30.02 50.03 -1451 1668 0.0424¢
30.02 50.02 -1450 1664 0.04240
30.02 50.04 -1448 1668 0.04239
30.02 50.03 -1446 1651 0.04216
30.02 50.02 -1444 1649 0.04214

Friday, September 29, 2000, Time 13:09

Setpoint No. 2

Setpoint Upper: 30.00 °cC

Setpoint Lower: 50.00 °C
Temperature Upper: 30.02 °C
Results Upper: 0.04235 W/mK
Temperature Lower: 50.03 °C

Results Lower:

Percent Difference: 0.19%

Experiment's Criteria:

Temperature Equilibrium:
Between Block HFM Equil.

HFM Percent Change:
Min Number of Blocks:
Calculation Blocks:

Results Table -- SI Units
Mean Temp Upper Cond
22.52 0.04050
40.02 0.04235

0.04227 W/mK

0.20
H 70
2.00
10

5

Lower Cond
0.03994
0.04227

Average Cond
0.04022
0.04231
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Volt

7.18. Appendix R

7.18.1. Electric conductivity for the pyrolysed ammonium gluconate
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7.19. Appendix S

7.19.1. Burn through tests for the painted balsa wood planks — Graphs
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Balsa wood plank painted with Calcium gluconate
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7.19.2. Burn through tests for the painted balsa wood planks — Pictures

With no coating: Left top — 30 sec exposure  Right top — 50 sec exposure

Left and right bottom — 80 sec exposure

With AP750 coating: Left top — 60 sec exposure  Right top — 180 sec exposure
Left and right bottom — 960 sec exposure



University of Pretoria — Labuschagne, FJWJ (2003)
Appendix S 7-112

With Gluconate/silica/graphite coating: Left top — 60 sec exposure
Right top — 270 sec exposure Left and right bottom — 360 sec exposure

With PEN coating: Left top — 30 sec exposure Right top — 150 sec exposure

Left and right bottom — 180 sec exposure
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7.19.3. Burn through tests for the painted aluminium plates — Graphs
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7.19.4. Burn through tests for the painted aluminium plates — Pictures

AP750 coating: Left — 420 sec, Right — 1800 sec

PEN coating: Left — 600 sec, Right — 1800 sec

Gluconate/graphite/silica coating:  Left — 600 sec, Right — 1800 sec
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7.19.5. Burn through tests for the painted cardboard sheets — Graphs
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7.20. Appendix T

7.20.1. Light microscope and SEM images of calcium gluconate

monohydrate crystals (powder)

%3808 lown WOT#P"

SEM images of calcium gluconate monohydrate crystals (powder)
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7.20.2. Light microscope and SEM images of calcium gluconate

monohydrate crystals recrystallised through diffusion technique

Light microscope images of calcium gluconate monohydrate recrystallised from water

through diffusion with ethanol

AN

1941 5KV %180.108Rm WD11 |

SEM images of calcium gluconate monohydrate recrystallised from water through diffusion

with ethanol
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SEM images of calcium gluconate monohydrate recrystallised from water through

diffusion with ethanol
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7.21. Appendix U

7.21.1. Metal oxides and carbonates prepared from the metal dextrose

solutions and calcium gluconate monohydrate

e S 1< L

Calcium carbonate prepared from calcium gluconate monohydrate
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@51 SKU 45,808 iem WOQ2

Calcium carbonate prepared from calcium dextrose solution
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Zinc oxide prepared from zinc dextrose solution
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Iron oxide prepared from iron dextrose solution
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%10, BE0 M Ly WD12

Copper oxide prepared from copper dextrose solution
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Zirconium oxide prepared from zirconium dextrose solution
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Mass loss (%)

Mass loss (%)

7.22. Appendix V
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Mass loss (%)
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Mass loss (%)

Mass loss (%)
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Mass loss (%)

Mass loss (%)
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Ble@

7.22.2. SEM images of glyceric acid hemicalcium salt monohydrate at

selected temperatures in air

Glyceric acid hemicalcium salt monohydrate pyrolysed at 200°C in air
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Glyceric acid hemicalcium salt monohydrate pyrolysed at 300°C in air
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Glyceric acid hemicalcium salt monohydrate pyrolysed at 400°C in air
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