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7.15. Appendix O 

7.15.1. Thermal decomposition analysis of gluconic acid 
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SDTA/TGA analysis of gluconic acid solution in water (50%) in air 
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DSC/TGA analysis of gluconic acid solution in water (50%) in air 
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7.15.2. Thermal decomposition analysis of calcium gluconate 

monohydrate 
 

 

DSC/TGA analysis of calcium gluconate monohydrate in air 
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SDTA/TGA analysis of calcium gluconate monohydrate in air 
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DSC/TGA analysis of calcium gluconate monohydrate in argon 
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7.15.3. Thermal decomposition analysis of ammonium gluconate 

hydrate 
 

 

DSC/TGA analysis of ammonium gluconate hydrate in air 
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SDTA/TGA analysis of ammonium gluconate hydrate in air 
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SDTA/TGA analysis of ammonium gluconate hydrate in nitrogen 
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7.15.4. Thermal decomposition analysis of the leached silica (ex Foskor) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.15.5. Thermal decomposition analysis of the expandable graphite (ex 

Fedmis) 
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SDTA/TGA analysis of the leached silica in air 
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SDTA/TGA analysis of the expandable graphite  in air 
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7.16. Appendix P 

7.16.1. XRD pattern of calcium gluconate monohydrate  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
7.16.2.  XRD pattern of ammonium gluconate hydrate  

C a-Gluconate . H 2O

10-0775 (*)  - Calcium g luconate hydra te -  C 12H22C aO14·H2O/C a(C6H11O7)2·H2O - Y: 140.00  % - d  x by: 1 . - WL: 1.5406 - 0  - 
Operations: Background 0.000,1.000 | Im port
C a-Gluconate . H2O - Fi le: johan20028.raw - Type: 2Th/Th locked - S tar t: 3 .000 ° - End: 69 .990 ° - Step: 0 .030 ° -  Step  time: 1 .5 s -  Temp.: 25 °C (Room ) - C reation: 7 /4 /00 9:47 :44 AM
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XRD spectrum of calcium gluconate monohydrate 

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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21-0683 (N) - Potassium Sulfa te  - K2S2O7 - Y: 27.08 % - d x by: 1. -  W L: 1 .5406 - 0 - 
41-1370 (*) - D iopside - Ca(Mg,Al)(Si ,Al)2O6 - Y: 25.00 % - d x by: 1 . - W L: 1 .5406 - 0  -  
10-0357 (N) - Sanidine , potassian, d is ordered, syn - (Na,K)(S i3Al)O8 - Y: 18.75 % - d x by: 1 . - W L: 1 .5406 - 0  -  
26-0911 (I) - Illi te-2M1 - (K,H3O)Al2Si3AlO10(OH)2 - Y: 50.00  % - d  x by: 1. - WL: 1 .5406 - 0 - 
33-1161 (*) - Quartz, syn - S iO2 - Y: 89 .58  % - d x by: 1. - WL: 1.5406 - 0  - 
Operations: Background 0 .000,1.000 | Impor t
S iO2 - F ile : johan2009.raw -  Type: 2Th/Th locked - Start: 3 .000 ° - End: 69 .990 ° - S tep: 0.030 ° - Step  time: 1 .5  s - Temp.: 25 °C (Room) - Creation: 5 /17 /00  11:44:07 AM
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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  hydra te - C 12H22C aO14·H2O/C a(C6H11O7)2·H2O - Y: 100.00 % - d  x by: 1 . - WL: 1 .5406 - Or thorhombic - 
@ 100 - F ile : JOHAN01-32.raw - Type: 2Th/Th locked -  S tart: 3 .000 ° - End: 70.040 ° - S tep: 0.040 ° - Step time: 1 .5 s - Temp.: 25 °C  (Room) -  Time Started : 0 s - 2-Theta: 3.000 ° - Theta : 1.500 ° -  C hi : 0.
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10 -077 5 (*)  - Calcium g lucon at e hyd ra te -  C 12H2 2C aO14·H2O/Ca( C6H11 O7)2·H 2O - Y: 136.10 % - d x by: 1. -  WL: 1.540 6 - 0 - 
10-077 4 (Q) - Ca lcium  gluc onat e - C12H22 CaO14 /Ca (C 6H1 1O 7)2 - Y: 20.14 % -  d x by: 1. -  WL: 1.540 6 - 0 - 
C a GLUC  150C  - F ile : JOH AN01-15 .raw - Ty pe:  2Th/Th lo cked - S tart: 3.000 ° - End: 70.000 ° - S tep: 0.040 ° - Step  time: 1 .5  s - Tem p.: 25  ° C  (Room) - Time  Sta rted: 0 s - 2 -Theta : 3.000 °  - T he ta:  1.500 
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XRD spectrum of calcium gluconate pyrolysed at 100°C for 5 min in air. 

XRD spectrum of calcium gluconate pyrolysed at 150°C for 5 min in air 
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C aGluc 200C

10-0774 (Q) - Calcium gluc onate - C12H22CaO14/Ca(C 6H11O7)2 - Y: 117.47 % - d  x by: 1. - W L: 1.5406 - 0  - 
Opera tions: Background 0.021,1.000 | Im port
C aGluc 200C  - Fi le : Johan20022.raw - Type: 2Th/Th loc ked - S tart: 3.000 ° - End: 69.990 ° - Step: 0 .030 ° - S tep  tim e: 1.5  s - Temp.: 25 °C (Room) - C reation: 7 /3 /00  3:43:29 PM
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C AGLUC@250C  - F ile : JOHAN01-2.raw - Type: 2Th/Th loc ked - Start: 3.000 ° - End: 70.000 ° - Step: 0 .040 ° - S tep tim e: 1.5 s - Temp.: 25  °C (Room) - Time Started: 0  s  - 2-Theta : 3 .000 ° -  Theta: 1 .500 
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XRD spectrum of calcium gluconate pyrolysed at 200°C for 5 min in air 

XRD spectrum of calcium gluconate pyrolysed at 250°C for 5 min in air 



  Appendix P   7-80

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  ��  LLaabbuusscchhaaggnnee,,  FFJJWWJJ  ((22000033)) 

 

C aGluc 300C

37-1497 (*)  - L ime, syn - C aO - Y: 46 .81 % - d  x by: 1. - W L: 1 .5406 - 0  - 
05-0586 (*)  - Calci te , syn - C aCO3 -  Y: 53.50 % - d  x by: 1 . - WL: 1 .5406 - 0  - 
Operations: Background 0.014,1.000 | Im port
C aGluc 300C  - Fi le : Johan20021.raw - Type: 2Th/Th loc ked - S ta rt: 3.000 ° - End: 69.990 ° - Step : 0 .030 ° - S tep  tim e: 1.5  s - Temp.: 25 °C (Room) - C reation: 7 /3/00  2:41:59 PM
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05-0586 (*) - C alc i te, syn  - C aCO3  - d x by: 1.000
C aGl uc  400C li ght - Fi le : Johan2002 3.raw - Type: 2T h/T h l ocked - Start: 3.00 0 ° - End:  69 .990 ° - S tep:  0 .030 ° -  Step t im e:  1 .5  s - T em p. : 25.0 °C ( Room ) - Creati on: 07/03/00 16 :45:00
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XRD spectrum of calcium gluconate pyrolysed at 300°C for 5 min in air 

XRD spectrum of calcium gluconate pyrolysed at 400°C for 5 min in air � light material (top of polytop�)
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C aGluc 400C dark

05-0586 (*)  - Calci te, syn - C aCO3 -  Y: 58.30 % - d x by: 1 . - WL: 1 .5406 - 0  - 
Opera tions: Background 0.021,1.000 | Im port
C aGluc 400C  dark - F ile : Johan20024.raw - Type: 2Th/Th locked - Start: 3 .000 ° - End: 69.990 ° - S tep: 0.030 ° - Step  time: 1 .5  s  - Tem p.: 25  °C  (Room) - Creation: 7 /3/00 5 :46 :32 PM
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XRD spectrum of calcium gluconate pyrolysed at 400°C for 5 min in air � dark material (bottom of polytop�) 

XRD spectrum of calcium gluconate pyrolysed at 500°C for 5 min in air � light material (top of polytop�) 
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CaGlu c 500C dark - F ile : Johan2002 5.raw - Type: 2T h/Th  l ocked - Start:  3.00 0 ° - End: 69.990 ° - Step: 0.030 ° - Step ti me : 1.5 s  - Tem p.: 2 5.0 °C  (Ro om ) - C reat io n: 07/0 3/00 18:48:05
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C aGluc 400C dark

05-0586 (*)  - Calci te, syn - C aCO3 -  Y: 58.30 % - d x by: 1 . - WL: 1 .5406 - 0  - 
Opera tions: Background 0.021,1.000 | Im port
C aGluc 400C  dark - F ile : Johan20024.raw - Type: 2Th/Th locked - Start: 3 .000 ° - End: 69.990 ° - S tep: 0.030 ° - Step  time: 1 .5  s  - Tem p.: 25  °C  (Room) - Creation: 7 /3/00 5 :46 :32 PM
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10-0775 (*) - Cal c i um  gl uconate  hydrate - C1 2H 22C aO14·H2O/Ca(C6H 11O7)2·H 2O - d x by: 1.0 00
05-0586 (*) - Cal c i te,  syn - Ca CO3 - d x by: 1.00 0
CaGlu c 600C l ight  - Fil e: Johan20 020.raw - Type:  2 Th/T h l ocked - Start: 3.000 ° - End:  69 .990  °  - S tep: 0 .030  ° - S tep  ti m e: 1.5  s  - Tem p.: 25.0 °C (Ro om) - Crea ti on: 07/03/0 0 13:40:1 8
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XRD spectrum of calcium gluconate pyrolysed at 500°C for 5 min in air � dark material (bottom of polytop�)

XRD spectrum of calcium gluconate pyrolysed at 600°C for 5 min in air � light material (top of polytop�) 
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CaGluc 600C dark

05-0586 (*) - Cal c i te,  syn - Ca CO3 - d x by: 1.00 0
CaGlu c 600C dark - F ile : Johan2002 7.raw - Type: 2T h/Th  l ocked - Start:  3.00 0 ° - End: 69.990 ° - Step: 0.030 ° - Step ti me : 1.5 s  - Tem p.: 2 5.0 °C  (Ro om ) - C reat io n: 07/0 3/00 20:51:08
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05-0586 (*) - C alci te, syn - CaCO3 - Y: 98 .55 % - d  x by: 1. - WL: 1 .5406 - Rhombohedral - I/Ic PDF 2 . - 
C A GLUE@700 - F ile : JOHAN01-36.raw - Type: 2Th/Th locked - Start: 3 .095 ° -  End: 70 .118 ° -  Step: 0 .040 ° - S tep time: 1.5 s - Temp.: 25  °C  (Room) -  Tim e Started: 0  s - 2-Theta : 3.095 ° - Theta: 1 .500 
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XRD spectrum of calcium gluconate pyrolysed at 600°C for 5 min in air � dark material (bottom of polytop�)

XRD spectrum of calcium gluconate pyrolysed at 700°C for 5 min in air 
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CA GLUE @ 750

37-1497 (*)  - L ime, syn - CaO - Y: 49 .32 % - d  x by: 1. - W L: 1 .5406 - C ubic - 
05-0586 (*)  - Calci te, syn - C aCO3 -  Y: 100.00 % -  d  x by: 1 . - W L: 1 .5406 - Rhom bohedra l - I/Ic  PD F 2. - 
04-0733 (I)  - Portlandi te , syn - C a(OH)2 - Y: 90.00 % - d x by: 1. -  W L: 1.5406 - Hexagona l - I/Ic PD F 1.4  - 
C A GLUE @  750 - Fi le: JOHAN01-31.raw - Type: 2Th/Th locked - Start: 3 .000 ° - End: 70.040 ° -  Step: 0 .040 ° - Step tim e: 1.5 s - Temp.: 25 °C (Room) - Time S tarted: 0  s - 2-Theta : 3.000 ° -  Theta: 1 .50
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XRD spectrum of calcium gluconate pyrolysed at 750°C for 5 min in air 

XRD spectrum of calcium gluconate pyrolysed at 800°C for 5 min in air 
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NH4 GLUE @ 300 IN N2

37-1497 (*)  - L ime, syn - C aO - Y: 98 .90 % - d x by: 1. - W L: 1.5406 - C ubic - 
04-0733 (I)  - Portlandi te , syn - C a(OH)2 - Y: 58 .85 % - d  x by: 1. -  W L: 1.5406 - Hexagona l - I/Ic PD F 1.4  - 
NH4 GLUE @  300 IN N2 - Fi le: JOHAN01-39.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70 .040 ° -  S tep : 0.040 ° - Step tim e: 1.5  s - Temp.: 25 °C (Room) - Time Started: 0 s  - 2-Theta: 3 .000 ° -  Thet
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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  
 Ca-Gluc 200C N2

10-0774 (Q) - C al c ium  g lucon ate - C12H 22CaO14/C a(C 6H11O7)2 - d x by: 1.000
Ca-Gl uc  200C N2 - Fi le: j ohan20029 .ra w - Type: 2T h/Th l ocked - S tart:  3 .000  ° - E nd: 69.990 °  - Step: 0.030 ° - Step ti me: 1.5 s  - T emp .: 25 .0 °C  (Roo m) - C reat ion : 07/06 /00 17:3 5:51
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Ca-Gluc 300C N2

Ca-Gl uc  300C N2 - Fi le: j ohan20031 .ra w - Type: 2T h/Th l ocked - S tart:  3 .000  ° - E nd: 69.990 °  - Step: 0.030 ° - Step ti me: 1.5 s  - T emp .: 25 .0 °C  (Roo m) - C reat ion : 07/06 /00 19:3 8:56
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XRD spectrum of calcium gluconate pyrolysed at 200°C for 5 min in nitrogen 

XRD spectrum of calcium gluconate pyrolysed at 300°C for 5 min in nitrogen 
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Ca-Gluc 400C N2

Ca-Gl uc  400C N2 - Fi le: j ohan20032 .ra w - Type: 2T h/Th l ocked - S tart:  3 .000  ° - E nd: 69.990 °  - Step: 0.030 ° - Step ti me: 1.5 s  - T emp .: 25 .0 °C  (Roo m) - C reat ion : 07/06 /00 20:4 0:28
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CA GLUE -N2 - 500

Operations: Background 0 .000,1.000 | Impor t
CA GLUE -N2 -  500 - Fi le : JOHAN01-33.raw - Type: 2Th/Th locked - Star t: 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 .5
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XRD spectrum of calcium gluconate pyrolysed at 400°C for 5 min in nitrogen 

XRD spectrum of calcium gluconate pyrolysed at 500°C for 5 min in nitrogen 
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CAGLUC@600C IN N2

C AGLUC@600C  IN  N2 - F ile : JOHAN01-4.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: 
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CAGLUC@700C IN N2

05-0586 (*)  - Ca lci te , syn - C aCO3 -  Y: 119.21 % -  d  x by: 1. - W L: 1 .5406 - 0 - 
C AGLUC@700C  IN  N2 - F ile : JOHAN01-3.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: 
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XRD spectrum of calcium gluconate pyrolysed at 600°C for 5 min in nitrogen 

XRD spectrum of calcium gluconate pyrolysed at 700°C for 5 min in nitrogen 
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CaGLUC@850C IN N2

37-1497 (*)  - L ime, syn - C aO - Y: 10 .42 % - d  x by: 1. - W L: 1.5406 - C ubic - 
47-1743 (C ) - Ca lci te - C aCO3 -  Y: 96 .00 % - d  x by: 1 . - WL: 1 .5406 - Rhombohedra l - 
C aGLUC@850C  IN N2 - Fi le : JOHAN 02-9 .raw  - Type: 2Th/Th locked - S tar t: 4.000 ° - End: 70 .000 ° - S tep: 0 .040 ° - Step  time: 1.5  s -  Temp.: 25 °C (Room) - Tim e Started : 0 s - 2-Theta: 4 .000 ° - Theta : 
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C aCiluc  @  1000 C

47 -17 43 (C )  - Calc ite - C aC O3 - R hom b ohed ral - 
04 -07 33 (I) -  Portl andite , syn - C a(OH )2 - Hexag ona l -  I/ Ic PD F  1.4  - 
37 -14 97 (*) - Lim e, syn  - C aO - C ubic  -  
CaC ilu c @  1 000 C  - File:  JOH AN 02-26  C .raw  - Type:  2Th/Th  locked  - Start : 3.67 1 ° - En d:  69.73 1 ° - Step: 0 .0 40 ° - S tep tim e: 1.5 s - Tem p.: 25  °C (R oom)  - T ime Started: 0  s - 2-Th eta: 3.671  ° - Theta: 2.00 0 ° -  C h i: 
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XRD spectrum of calcium gluconate pyrolysed at 850°C for 5 min in nitrogen 

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  

1:1 m assa

37-1496 (*)  - Anhydr ite, syn - CaSO4 - Y: 62 .28  % - d  x by: 1. - W L: 1 .5406 - 0 - 
42-1437 (I)  - B io tite -1M -  K(M g,Fe+2)3(A l,F e+3)Si3O10(OH,F )2  - Y: 32.69 % -  d x by: 1. - WL: 1.5406 - 0 - 
05-0586 (*)  - Ca lci te , syn - C aCO3 -  Y: 99.60 % - d x by: 1. - WL: 1.5406 - 0 - 
Opera tions: Background 0.098,1.000 | Import
1 :1  massa - Fi le : johan20006.raw - Type: 2Th/Th locked -  Start: 3 .000 ° - End: 70 .000 ° - S tep : 0.040 ° -  S tep time: 1.5  s -  Temp.: 25  °C  (Room ) -  C reation: 5/3/00  1:19 :05 PM
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0.5:1 600C

39-0381 (N) -  C hlori te-vermiculi te -montmor illonite - Na0.5A l6(S i,A l)8O20(OH)10·H2O - Y: 10.42 % - d x by: 1 . - W L: 1.5406 - 0 - 
37-1496 (*) - Anhydri te , syn  - CaSO4 - Y: 10.42 % - d x by: 1 . - W L: 1.5406 - 0 - 
42-1437 (I) -  B iotite-1M - K(Mg,Fe+2)3(Al,Fe+3)S i3O10(OH,F)2  - Y: 10 .94  % - d x by: 1. - WL: 1.5406 - 0 -  
05-0586 (*) - C alci te, syn - CaCO3 - Y: 100.00 % -  d  x by: 1 . - WL: 1 .5406 - 0  - 
Opera tions : Background 0 .014,1.000 | Impor t
0 .5:1 600C - F ile : johan20008.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 70.000 ° - Step: 0 .040 ° -  Step tim e: 1 .5 s - Tem p.: 25  °C  (Room) - C reation: 5 /3/00  2:53:48 PM
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XRD spectrum of 1:1 mass ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air 

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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1:1 600C

37-1496 (*)  - Anhydr ite, syn - CaSO4 - Y: 5.67 % -  d  x by: 1. - WL: 1 .5406 - 0 - 
42-1437 (I)  - B iotite-1M -  K(M g,Fe+2)3(Al,F e+3)S i3O10(OH,F )2  - Y: 26.56 % -  d x by: 1. - WL: 1.5406 - 0 - 
05-0586 (*)  - Calci te, syn - C aCO3 -  Y: 100.00 % -  d  x by: 1 . - W L: 1 .5406 - 0 - 
Opera tions: Background 0.098,1.000 | Import
1 :1 600C - Fi le: johan20004.raw - Type: 2Th/Th locked -  Star t: 3 .000 ° - End: 65 .000 ° - S tep : 0.040 ° -  Step time: 5 . s - Temp.: 25  °C (Room ) - C reation: 4 /19/00 10:11:53 PM
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2:1 600C

39-0381 (N) -  C hlori te-vermiculi te -montmor illonite - Na0.5A l6(S i,A l)8O20(OH)10·H2O - Y: 3 .07  % -  d  x by: 1. - WL: 1 .5406 -  0 - 
37-1496 (*) - Anhydri te , syn  - CaSO4 - Y: 3 .07  % -  d  x by: 1. - WL: 1 .5406 -  0 - 
42-1437 (I) -  B iotite-1M - K(Mg,Fe+2)3(Al,Fe+3)S i3O10(OH,F)2  - Y: 6.44 % - d x by: 1 . - W L: 1.5406 - 0 - 
05-0586 (*) - C alci te, syn - CaCO3 - Y: 103.14 % -  d  x by: 1 . - WL: 1 .5406 - 0  - 
Opera tions : Background 0 .098,1.000 | Impor t
2 :1 600C  -  Fi le : johan20003.raw - Type: 2Th/Th locked - S tart: 3 .000 ° - End: 65.000 ° - Step : 0.040 ° - Step  time: 5 . s -  Tem p.: 25 °C (Room) - Creation: 4/19 /00 7 :57 :26 PM
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XRD spectrum of 1:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air 

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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3:1 600C

39-0381 (N ) - C hlor ite -vermiculi te -m ontmori llon ite - Na0.5Al6(Si ,A l)8O20(OH)10·H2O - Y: 1.10 % -  d  x by: 1. - W L: 1 .5406 - 0 - 
37-1496 (*)  - Anhydr ite, syn - CaSO4 - Y: 0.82 % -  d  x by: 1. - WL: 1 .5406 - 0 - 
42-1437 (I)  - B iotite-1M -  K(M g,Fe+2)3(Al,F e+3)S i3O10(OH,F )2  - Y: 1 .15  % - d  x by: 1 . - WL: 1 .5406 - 0  - 
05-0586 (*)  - Calci te, syn - C aCO3 -  Y: 102.99 % -  d  x by: 1 . - W L: 1 .5406 - 0 - 
Opera tions: Background 0.091,1.000 | Import
3 :1 600C - Fi le: johan20007.raw - Type: 2Th/Th locked -  Star t: 3 .000 ° - End: 70 .000 ° - S tep : 0.040 ° -  Step time: 1 .5  s -  Temp.: 25  °C  (Room) -  C reation: 5/3/00  2 :06 :27 PM
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4:1 600C

39-0381 (N ) - C hlor ite -vermiculi te -m ontmori llon ite - Na0.5Al6(Si ,A l)8O20(OH)10·H2O - Y: 1.98 % -  d  x by: 1. - W L: 1 .5406 - 0 - 
37-1496 (*)  - Anhydr ite, syn - CaSO4 - Y: 1.98 % -  d  x by: 1. - WL: 1 .5406 - 0 - 
42-1437 (I)  - B iotite-1M -  K(M g,Fe+2)3(Al,F e+3)S i3O10(OH,F )2  - Y: 4 .16  % - d  x by: 1 . - WL: 1 .5406 - 0  - 
05-0586 (*)  - Calci te, syn - C aCO3 -  Y: 123.56 % -  d  x by: 1 . - W L: 1 .5406 - 0 - 
Opera tions: Background 0.000,1.000 | Import
4 :1 600C - Fi le: johan20001.raw - Type: 2Th/Th locked -  Star t: 3 .000 ° - End: 65 .000 ° - S tep : 0.040 ° -  Step time: 5 . s - Temp.: 25  °C (Room ) - C reation: 4 /19/00  3 :28 :25  PM
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XRD spectrum of 3:1 mole ratio calcium gluconate and leached silica pyrolysed at 600°C for 5 min in air

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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4:1 400C

05-0586 (*) - C alci te, syn - CaCO3 - Y: 139.74 % -  d  x by: 1 . - WL: 1 .5406 - 0  - 
Opera tions : Background 0 .000,1.000 | Impor t
4 :1 400C  -  Fi le : johan20002.raw - Type: 2Th/Th locked - S tart: 3 .000 ° - End: 65.000 ° - Step : 0.040 ° - Step  time: 5 . s -  Tem p.: 25 °C (Room) - Creation: 4/19 /00 5 :42 :54 PM
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4:1 1000C

D IF  - 4 :1  1000C  - johan20005.dif - Y: 5.64  % - d x by: 1 . - W L: 1.5406 - 0 - 

39-1425 (*) - C ristoba lite, s yn - S iO2 -  Y: 4.17 % - d x by: 1 . - WL: 1.5406 - 0 - 
04-0733 (I) -  Portlandite, syn -  C a(OH)2 -  Y: 20.83 % - d x by: 1. - W L: 1.5406 - 0  - 
37-1497 (*) - L ime, syn - CaO - Y: 60 .42 % - d  x by: 1. - WL: 1 .5406 - 0  -  
37-1496 (*) - Anhydri te , syn  - CaSO4 - Y: 110.50 % - d  x by: 1. -  W L: 1 .5406 - 0  - 
42-1437 (I) -  B iotite-1M - K(Mg,Fe+2)3(Al,Fe+3)S i3O10(OH,F)2  - Y: 3.00 % - d x by: 1 . - W L: 1.54
05-0586 (*) - C alci te, syn - CaCO3 - Y: 4.57  % - d x by: 1. - W L: 1.5406 - 0 - 
Opera tions : Background 0 .098,1.000 | Impor t
4 :1 1000C  - Fi le: johan20005.raw - Type: 2Th/Th locked - S tar t: 3 .000 ° - End: 70 .000 ° - S tep: 0.0
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XRD spectrum of 4:1 mole ratio calcium gluconate and leached silica pyrolysed at 400°C for 5 min in air 

XRD 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  

 

NH4gLUC@300C

NH4gLUC @300C - File : JOHAN01-7 .raw - Type: 2Th/Th locked - S tart: 3 .000 ° -  End: 70 .000 ° -  S tep: 0 .040 ° - Step  tim e: 1.5  s - Tem p.: 25 °C  (Room) - Time Started : 0 s - 2-Theta: 3 .000 ° - Theta : 1.50
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NH4 GLUC 400C

NH4 GLUC  400C  - F ile : JOHAN01-18.raw - Type: 2Th/Th locked -  Start: 3 .000 ° - End: 70.000 ° - Step : 0.040 ° -  Step time: 1.5 s -  Temp.: 25 °C  (Room ) -  Time Star ted : 0  s - 2-Theta: 3.000 ° - Theta : 1 .50
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XRD spectrum of ammonium gluconate pyrolysed at 300°C for 5 min in air 

XRD spectrum of ammonium gluconate pyrolysed at 400°C for 5 min in air 
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NH4GLUC@500C

NH4GLUC @500C  - F ile : JOHAN01-13.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 : 1 .5
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NH4GLUC 600C

NH4GLUC 600C - File : JOHAN122.raw - Type: 2Th/Th locked - S tart: 3.000 ° - End: 70.000 ° - S tep: 0.040 ° -  Step  tim e: 1 .5 s - Temp.: 25 °C  (Room) - Time Started: 0 s - 2-Theta: 3 .000 ° - Theta: 1.500 °
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XRD spectrum of ammonium gluconate pyrolysed at 500°C for 5 min in air 

XRD spectrum of ammonium gluconate pyrolysed at 600°C for 5 min in air 
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NH4 GLU C 700C

Operations: Background 0 .000,1.000 | Impor t
NH4 GLUC 700C - F ile : JOHAN01-41.raw - Type: 2Th/Th locked - Start: 3 .000 ° -  End: 70 .040 ° - S tep: 0.040 ° - Step  tim e: 1 .5  s - Temp.: 25 °C  (Room ) - Time Star ted: 0  s - 2-Theta : 3 .000 ° - Theta: 1 .500
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NH4GLUC 800C

NH4GLUC  800C - Fi le: JOHAN121.raw - Type: 2Th/Th locked - S tart: 3 .000 ° -  End: 70 .000 ° -  S tep: 0.040 ° - Step  tim e: 1.5 s - Tem p.: 25 °C (Room) - Time Started : 0 s -  2-Theta: 3 .000 ° - Theta: 1.500 °
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NH4 @  1000

Operations : Background 0 .000,1.000 | Impor t
NH4 @ 1000 - File : JOHAN01-35.raw - Type: 2Th/Th locked - Start: 3 .000 ° -  End: 70.040 ° - S tep: 0 .040 ° - S tep  time: 1.5  s - Temp.: 25 °C  (Room) - Tim e Started : 0  s - 2-Theta : 3 .000 ° - Theta: 1.500 ° -  

L
in

 (C
ou

n
ts

)

0

100

200

300

400

500

600

700

800

2-Theta  - Sca le
3 10 20 30 40 50 60 70
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7.16.8. XRD pattern of ammonium gluconate pyrolised in nitrogen  
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XRD spectrum of ammonium gluconate pyrolysed at 600°C for 5 min in nitrogen 
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NH4 GLUC 850 IN N2

NH4 GLUC  850 IN N2 - Fi le: J OHAN01-19.raw - Type: 2Th/Th lock ed -  Start: 3 .000 ° - End: 70 .000 ° - S tep: 0.040 ° - S tep time: 1.5 s - Temp.: 25 °C (Room) - Time Star ted: 0 s - 2 -Theta: 3 .000 ° -  Theta : 

L
in

 (C
ou

n
ts

)

0

1 00

2 00

3 00

4 00

5 00

6 00

7 00

2 -Theta  - Sca le
3 10 20 30 4 0 50 6 0 70

NH4 GLUC 1000C IN N2

NH4 GLUC  1000C  IN N2 - Fi le : JOHA N01-17.raw - Type: 2Th/Th locked - Start: 3 .000 ° - End: 70 .000 ° - Step: 0.040 ° - S tep time: 1.5  s  - Tem p.: 25 °C  (Room) - Time Started: 0  s -  2-Theta : 3.000 ° - Thet

Li
n 

(C
ou

nt
s)

0

100

200

300

400

500

600

700

800

2-Theta - Scale
3 1 0 20 30 4 0 50 6 0 7 0

XRD spectrum of ammonium gluconate pyrolysed at 850°C for 5 min in nitrogen 

XRD spectrum of ammonium gluconate pyrolysed at 1000°C for 5 min in nitrogen 
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7.16.9. IR spectra of calcium gluconate monohydrate pyrolised in air 

 

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 

 

7.16.12. IR spectra of ammonium gluconate pyrolised in nitrogen 
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7.16.13 Decomposition products of calcium gluconate monohydrate 
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7.17. Appendix Q 

7.17.1. Thermal conductivity results from the SABS  
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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 

Balsa wood plank painted with AP750
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Balsa wood plank painted with PEN
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Balsa wood plank painted with Calcium gluconate
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Balsa wood plank painted with Calcium gluconate and leached SiO2
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Balsa wood plank painted with Calcium gluconate and Expandable graphite
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Balsa wood plank painted with Calcium gluconate, Leached SiO2 and Expandable graphite
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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 
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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 

Aluminium plate not painted (control)
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Aluminium plate painted with PEN
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Aluminium plate painted with Calcium gluconate, Leached SiO2 and Expandable Graphite
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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 
 

Cardboard sheet painted with AP750
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Card board sheet painted with PEN
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Cardboard sheet painted with Calcium gluconate, Leached SiO2 and Expandable graphite
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7.20. Appendix T 

7.20.1. Light microscope and SEM images of calcium gluconate 

monohydrate crystals (powder) 

 

Light microscope images of calcium gluconate monohydrate crystals (powder) 

 

 

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 

 

 

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 

 

Calcium carbonate prepared from calcium gluconate monohydrate 
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Calcium carbonate prepared from calcium dextrose solution 
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Aluminium oxide prepared from aluminium ammonium dextrose solution 

 

 

Zinc  oxide prepared from zinc dextrose solution 
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Iron oxide prepared from iron ammonium dextrose solution 

 

 

Iron oxide prepared from iron dextrose solution 



  Appendix U   7-125

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  ��  LLaabbuusscchhaaggnnee,,  FFJJWWJJ  ((22000033)) 

 

Copper oxide prepared from copper dextrose solution 
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Zirconium oxide prepared from zirconium dextrose solution 
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7.22. Appendix V 

7.22.1. Thermal analysis of selected calcium salts 

 

 

Thermal analysis of acetic acid calcium salt hydrate in air at 10°C/min
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Thermal analysis of lactic acid calcium salt pentahydrate in air at 10°C/min
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Thermal analysis of citric acid calcium salt tetrahydrate in air at 10°C/min
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Thermal analysis of propionic acid calcium salt in air at 10°C/min
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Thermal analysis of glyceric acid hemicalcium salt monohydrate in air at 10°C/min
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Thermal analysis of threonic acid hemicalcium salt in air at 10°C/min
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Thermal analysis of gluconic acid calcium salt monohydrate in air at 10°C/min
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Thermal analysis of saccarinic acid calcium salt tetrahydrate in air at 10°C/min
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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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