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Research Bulletin. (48) 1218-1227. 

 Moyo L., Focke, W. W., Labuschagne, F. J. & Verryn, S. (2012). Layered double 
hydroxide intercalated with sodium dodecyl sulphate Mol. Cryst. Liq. Cryst., 555(1): 
51–64. 

 Focke, W.W., Nhlapo, N. S., Moyo, L. & Verryn, S. M. C. (2010). Thermal properties 
of lauric- and stearic acid-intercalated layered double hydroxides. Mol. Cryst. Liq. 
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hydrotalcite as a rheology modifier in Jojoba oil (November 2012). 
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 Moyo L, Heidenrich, D., Labuschagne, F. J., Radusch, H.-J. & Focke, W. W. (2011). 

Impact strength of LDH-St polymer composites. Poster presentation at the 15th 

International Conference on Polymeric Materials, Halle (Saale), Germany, September 

2011.  

 Moyo, L., Focke, W. W., Labuschagne F. J. & and Verryn, S. (2011). Layered double 

hydroxide intercalated with sodium dodecyl sulphate. Oral and poster presentation at 

the 11th International Conference on Frontiers of Polymers and Advanced Materials, 

Pretoria, South Africa, May 2011. 

 Moyo, L, Heidenrich, D., Labuschagne, F. J., Androsch, R. & Focke, W. W. (2010). 

The effect of matrix polarity on the impact properties of LDH-stearate polymer 

composites. Poster presentation at the 14th International Conference on Polymeric 

Materials, Halle (Saale), Germany, September 2010.

 
 
 



152 

Appendix B: Fatty acid-intercalated layered double hydroxides 
 

 

 

 
 

 

Figure B-1.  Fatty/carboxylic acids used in the study  

 

Figure B-1 shows the fatty acids used in the intercalation reaction. Oleic acid was also 

intercalated to demonstrate the close packing phenomenon. Due to the presence of the cis- 

double bond, the molecules pack with difficulty as this bond limits chain flexibility and 

decreases adhesion to adjacent chains. The limiting area of oleic acid is about 32 Å2, which is 

much greater than that of saturated fatty acid chains, which is ≈ 21 Å2. 
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The basic method was adapted from Nhlapo et al. (2008) for the one-pot synthesis. The LDH-
carbonate precursor was obtained from Chamotte Holdings and used as is. 

 

Table B-1.  Summary of intercalation experiments 

 
  

Sample I.D AEC (Acid) 
Temperature 

(°C) pH 
LDH- stearate A  4 80 ~9-10 
LDH- stearate B  4 80 ~9-10 
LDH- stearate C 4.5 80 ~9-10 
LDH-laurate/jojoba oil 2 lauric + 1 jojoba oil 85 ~9-10 
LDH-stearate/jojoba oil (1AEC) 1 stearic + 2 jojoba oil 85 ~9-10 
LDH-stearate/jojoba oil (2AEC) 2 stearic + 1 jojoba oil 85 ~9-10 
LDH-stearate/Jojoba oil (2AEC) 2 stearic + 1 jojoba oil 85 ~9-10 
LDHSt 1 AEC 1 80 ~9-10 
LDHSt 2AEC 2 80 ~9-10 
LDH-myristate 1 4 70 ~9-10 
LDH-myristate 2 4 70 ~9-10 
LDH-myristate 3 3 70 ~9-10 
LDH-myristate 4 4 70 ~9-10 
LDH- palmitate 1 3 75 ~9-10 
LDH-palmitate 2 4.5 75 ~9-10 
LDH- palmitate 3 4.5 75 ~9-10 
LDH- palmitate 4 4 75 ~9-10 
LDH-palmitate/stearate 2 palmitic + 2 stearic  80 ~9-10 
LDH-behenate 1 4 90 ~9-10 
LDH-behenate 2 3.5 90 ~9-10 
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X-Ray Diffraction 

 

 
Figure B-2.  XRD diffractograms for LDH-myristate 
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Table B-2.  Observed 2reflections of XRD of neat myristic acid and LDH-myristate 

Sample  Reflections 

 2° d003 2° d006 2° d009 

Myristic acid 2.94 3.50 5.77 1.78 8.63 1.19 

LDH-myristate 1 2.48 4.14 4.86 2.11 7.26 1.41 

LDH-myristate 2 2.30 4.46 4.58 2.24 6.84 1.50 

LDH-myristate 3 2.26 4.55 4.41 2.32 6.57 1.56 

LDH-myristate 4 2.18 4.71 4.34 2.37 6.50 1.58 

 

 

 

 
Figure B-3.  XRD diffractograms for LDH-palmitate  
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Table B-3.  Observed 2reflections of XRD of neat palmitic acid and LDH-palmitate 

Sample  Reflections 

 2° d003(nm) 2° d006(nm) 2 d009(nm) 

Palmitic acid 2.94 3.50 5.77 1.78 8.63 1.19 

LDH-palmitate 1 2.32 4.43 4.60 2.23 6.86 1.50 

LDH-palmitate 2 2.30 4.46 4.58 2.24 6.84 1.50 

LDH-palmitate 3 2.26 4.55 4.41 2.32 6.57 1.56 

LDH-palmitate 4 2.18 4.71 4.34 2.37 6.50 1.58 

 

The average d-spacing observed for LDH-palmitate samples was 4.538 nm. However, it is 

clear that there are palmitic acid impurities in the case of LDH-palmitate 4. This further 

substantiates the observations by Kuehn and Poelmann (2010) that a second layer of 

undissociated acid will lead in greater d-spacings.  

 

 
Figure B-4.  XRD diffractograms for LDH-behenate 
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Table B-4.  Observed 2reflections of XRD of neat behenic acid and LDH-behenate 

Sample  Reflections 

 2° d003(nm) 2° d006(nm) 2° d009(nm) 

Behenic acid 2.22 4.62 4.35 2.36 6.45 1.59 

LDH-behenate 1 1.69 6.08 3.33 3.09 4.96 2.07 

LDH-behenate 2 1.68 6.12 3.31 3.10 4.96 2.07 

The average d-spacing observed for LDH-behenate samples was 6.097 nm. 

 

Co-intercalation Trials 

 

Two different fatty acids were used in the intercalation reaction, i.e. palmitic acid and stearic 

acid. The resultant intercalation product had a d-spacing of 4.56 nm (Figure B-5). This is 

substantially higher than what is normally obtained for bilayer LDH-palmitate (4.46 nm), yet 

it is lower than that of bilayer LDH-St (4.88 nm). This is an indication that the fatty acids will 

orient themselves in such a manner that they can accommodate each other, despite the 

difference in chain length. 

 

In other scenarios, an attempt was made to co-intercalate Jojoba oil and stearic acid into LDH 

in a ratio of 2:1 and 1:2 respectively. However, co-intercalation was only observed in the 

later ratio of Jojoba oil to stearic acid (Figure B-5).  

 

 
 

Figure B-5.  XRD diffractogram of co-intercalated organo-LDH 
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Co-intercalation of stearate anion and Jojoba oil yielded a mixed-order product with 

crystallites with d-spacings of 5.06 and 4.46 nm. The latter is assumed to be a constituent of 

Jojoba oil; its phases are marked by means of asterisks in Figure B-5. This points to the 

possible exchange/incorporation of the Jojoba oil constituents with the LDH interlayer 

anions. The narrow symmetric peaks observed are indicative of a highly crystalline and well-

ordered material. This is primarily explained by the fact that Jojoba oil wax esters have a 

chain length of C34–C50 with an alcohol/acid combination of C16–C26, and hence allow 

interaction with the interlayer anions. The fatty acid and alcohol component of the ester is 

usually unsaturated, both possessing a cis-ethylenic bond between the 9th and the 10th 

carbon, counting from either of the terminal methyl groups (Miwa, 19843). The cis-geometry 

has bends at the position of the double bond. The ill-defined secondary peak is due to co-

intercalation of a Jojoba oil constituent. However, as mentioned earlier, the fact that the 

Jojoba oil esters possess a double bond imposes some steric challenges. Hence, minimal 

intercalation is observed as well as poor ordering/absorption within the interlayer. 

 

Table B-5 shows the elemental composition as determined by ICP-EOS. 

 

Table B-5.  Compositional data and formulae of co-intercalated organo-LDHs  

Intercalated Anion Aluminium mol 

ratio to 
 

 Mg Na x 

Carbonate 2.33 0.14 0.30 
Pal/St 2.33 0.02 0.30 
St/Jojoba oil 1.80 0.29 0.36 

 

  

                                                

3 Miwa, T.K. (1984). Structural determination and uses of Jojoba Oil. Journal of the 

American Oil Chemists’Society. 61(2), 407E410. 
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Morphology 

 

Figure B-6 shows the typical platelet morphology of the co-intercalated LDHs described above. 

 

  
LDH- Stearate /Palmitate LDH- Jojoba oil/ Stearate 

 

Figure B-6.  SEM micrographs of co-intercalated LDHs 
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EDS Analysis of Clay Platelets 

During the study some samples showed unusually high AEC levels or elavated levels of 

organic incorporation. For this reason the composition of the clay platelets was investigated. 

 

 
 

Figure B-7.  LDH-CO3 SEM microgragh, X-ray and composition of platelets 
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Figure B-8.  LDH-myristate SEM microgragh, X-ray and composition of platelets 
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Figure B-9.  LDH-palmitate SEM microgragh, X-ray and composition of platelets 

 

 
 

Figure B-10.  LDH-St SEM microgragh, X-ray and composition of platelets 
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Figure B-11.  LDH-behenate SEM microgragh, X-ray and composition of platelets 
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Thermogravimetric Analysis 
 

The formulae used in the calculation of the clay content on a dry basis; actual clay and percentage 

organic content are: 

 

Clay content on a dry basis   =   % Residue at 900 °C 

         % Residue at 150 °C 

 

Actual clay content is obtained by multiplying the ratio of the clay content on a dry basis to that of 

100% clay of the LDH precursor. For example, using LDH-CO3,  

 

Clay content on a dry basis   = 57.33/98.51 

      = 58.19% 

 

Ratio of clay on a dry basis to 100%  = 100/58.19 

      = 1.718  

 

% Organic content = 100 – Actual % clay 

 

 

Table B-6.  Summary of thermogravimetric data and estimates for the degree of intercalation 

Sample identity Residual mass loss (wt.%) at Carboxylate/Al mol ratio 

 150 °C 900 °C  

LDH-CO3 98.10 57.68 - 

LDH-myristate 1 92.90 23.63 1.19 

LDH-myristate 2 96.88 14.61 2.64 

LDH-myristate 3 97.77 48.59 0.17 

LDH-myristate 4 96.83 13.65 2.88 

LDH-palmitate 1 95.99 21.05 1.36 

LDH-palmitate 2 96.23 20.54 1.42 

LDH-palmitate 3 95.50 26.54 0.90 

LDH-palmitate 4 95.73 14.92 2.24 

LDH-stearate 95.40 13.11 2.39 

LDH-behenate 1 96.45 8.71 3.36 

LDH-behenate 2 96.04 10.72 2.60 
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Figure B-12.  LDH-palmitate and myristate TG profile 
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Figure B-13.  LDH-behenate TG profile 

 

Table B-7.  Summary of thermogravimetric data, estimates for the degree of intercalation and 

d-spacing 

Sample identity Residual mass loss (wt.%) 
at 

Carboxylate/Al mol 
ratio 

d-spacing (nm) 

 150 °C 900 °C   
LDH-CO3 98.10 57.68 - 0.76 
LDH- stearate 1 95.15 15.05 1.98 5.06 
LDH- stearate 2 95.10 13.30 2.34 4.93 
LDH- stearate 3 94.29 13.66 2.23 4.94 
LDH- stearate 4 94.75 11.80 2.72 5.04 
LDH- stearate 5 95.40 13.11 2.39 4.98 
LDH- stearate 6 95.28 13.55 2.29 4.95 
LDH- stearate 7 95.18 14.92 2.01 4.93 
LDH- stearate 8 95.44 13.78 2.24 4.89 
LDH-  stearate 9 95.57 11.62 2.80 4.95 
LDH- stearate 10 94.71 11.17 2.91 5.00 
LDH- stearate 11 94.94 11.29 2.88 5.06 
LDH- stearate 12 94.99 10.84 3.03 5.02 
LDH- stearate 13 94.68 10.29 3.22 4.68 
Average 95.04 12.64 2.54 4.96 
Standard deviation 0.36 1.56 0.40 0.10 
     
LDH- stearate 14 95.27 9.29 3.67 4.98 
LDH- stearate 15 95.27 9.62 3.52 4.94 
LDH- stearate 16 95.52 9.73 3.48 4.98 
Average 95.35 9.55 3.56 4.97 
Standard deviation 0.14 0.23 0.10 0.02 
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The division indicates samples prepared by two different individuals. The bottom three 

exhibit exceptionally high carboxylate/Al mol ratios. Discrepancies could have arisen from 

the pH regulation during synthesis, as well as the washing procedure used for the sample. 
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Appendix C: LDH-based polymer composites 

 
Injection Moulding Comments 
 

Table C-1.  Injection moulding comments on EVA and derivative composites 

Mould:  ASTM T.S 
 Set point Indicated 
 Temperatures: °C °C 
 Barrel 1 170 170 
 Barrel 2 175 176 
 Barrel 3 180 182 
 Melt 180 182 
 Mould - RT 
  

Injection time 12 s 
 Injection speed 8 mm/s 
 Injection pressure 180 bar 
 Hold on pressure 85 bar 
 Back pressure 10 bar 
 Screw speed 50 % 
 Cooling time 25 s 
 
 

Stroke 
22 
mm(g) 

 Clamping force 350 kN 
 
 Remarks: Fed with difficulty 
 Moulded with 

ease 
 Mouldings very rubbery 
 Moulded all samples under the same moulding 

conditions 
Short cycle times 
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Table C-2:  Injection moulding comments on EVAL and derivative composites 

Mould:  ASTM T.S 
Set point Indicated 

Temperatures: °C °C 
Barrel 1 190 189 
Barrel 2 195 195 
Barrel 3 200 200 
Melt 200 200 
Mould - RT 

 
Injection time 15 s 
Injection speed 15 mm/s 
Injection pressure 180 bar 
Hold on pressure 85 bar 
Back pressure 10 bar 
Screw speed 50 % 
Cooling time 25 s 

Stroke 22 mm(g) 
Clamping force 350 kN 

Remarks: Fed with ease 
Moulded with ease but stuck to the stationary half of the mould  
Mouldings very hard 
Moulded all samples under the same moulding conditions 
Mouldings hammered out after each shot; long cycle time 
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Table C-3.  Injection moulding comments on LLDPE and derivative composites 

Mould:  ASTM T.S 
Set point Indicated 

Temperatures: °C °C 
Barrel 1 220 219 
Barrel 2 210 210 
Barrel 3 200 200 
Melt 191 190 
Mould - RT 

 
Injection time 10 s 
Injection speed 10 mm/s 
Injection pressure 180 bar 
Hold on pressure 75 bar 
Back pressure 10 bar 
Screw speed 50 % 
Cooling Time 25 s 

Stroke 22 mm(g) 
Clamping force 350 kN 

Remarks: Fed with ease 
Moulded with ease 
Mouldings tended to shrink 
Moulded all samples under the same moulding conditions 
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Polymer resin product sheets 
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FT-IR of Composites 

 

Figure C-1 shows the FTIR  results of the LDH-stearate and each of the 10 wt% composites 

prepared. The LDH-CO3 exhibits a broad band at 3455 cm-1, which is characteristic of the 

hydroxyl stretching vibration of free hydrogen, hydrogen bonded to the octahedral layer and 

water molecules. The LDH-CO3 has a peak at 1360 cm-1, which is attributed to carbonate 

anions. For the LDH-St there is minimal carbonate contamination as the peak within the 

specified area is weak or in some cases absent. The OH stretching vibrations are also 

observed, as well as a shoulder between 3247 and 3225 cm-1, which is attributed to the water 

molecules bonded to the interlayer anion by hydrogen bonding. The peaks between 2940 and 

2847 cm-1 are assigned to -CH2 asymmetric and symmetric vibrations of aliphatic groups, 

while the peaks at 1630 and 1462 cm-1 are due to O-H deformation of entrapped water 

molecules and CH2 deformation respectively. The CH2 wagging modes are also observed in 

the 1300–1250 cm-1 range. The 1534 cm-1 peak is due to the symmetric stretching mode of 

the ionised –C-O group. The M-O in-plane stretching and deformation of the LDH metal 

lattice is observed between 1000 and 719 cm-1. Generally, all these peaks are preserved in the 

composite materials. However, a few peaks from the polymer overlap with those in the LDH 

stearate, e.g. the OH band overlaps with that of the LDH-St and EVAL due to the existence 

of OH groups in the polymer itself. However, the –OH band in the EVAL/LDH-St composite 

broadens and its intensity is reduced. This could be attributed to the interaction of the –OH 

groups of the metal hydroxide with that of the polymer. This band is retained in the EVA and 

LLDPE composites, pointing to no interaction of the aforementioned functional groups. The 

peaks at 1735 and 1235 cm-1 in the EVA samples are a result of O-C=O carbonyl stretching 

vibrations of the ester and asymmetric vibration of the C-O-C bond respectively.  
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Figure C-1.  FTIR  of the neat and composite derivatives 
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Low magnification High magnification 

  

  

  
 

Figure C-2.  TEM micrographs of the 5 wt.% LDH-carbonate polymer composites 
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Low magnification High magnification 

  

  

  
 

Figure C-3.  TEM micrographs of the 5 wt.% LDH-stearate polymer composites 
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179 
 

 
Figure C-4.  Dynamic mechanical properties of 5% filler formulations 
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Mechanical Properties 

 

 
 

Figure C-5.  Tensile strength and tensile impact test summary of neat EVAL and derivative 

composites 
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Figure C-6.  Tensile strength and tensile impact test summary of neat EVA and derivative 

composites 

  

 
 
 



 

182 
 

 
 

 

Figure C-7.  Tensile strength and tensile impact test summary of neat LLDPE and derivative 

composites 
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Figure C-8.  Tensile test results 
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Fracture Behaviour 

 

 
 

Figure C-9.  SEM micrographs of fractured surfaces from the Charpy impact test and 

corresponding data (composites of 10 wt.% LDH) 

 

Figure C-9 shows SEM micrographs of the Charpy impact specimens of the LDH/polymer 

composite samples. As mentioned earlier, breaks were observed in the EVAL and LLDPE 

samples. The two matrix systems show two different types of break, i.e. a brittle and a ductile 

break for the EVAL and LLDPE composites respectively. The EVAL specimens show a 

classic brittle break, with a mirror region extending radially outward from the initial flaw, 

forming a hackled region. Normally, fracture is perpendicular to polymer fibres, but angular 

cracks and breaks are observed in the composite samples. A closer look at the inserts of 

EVAL composites shows a granular fracture, implying that the addition of the LDH induces 

strong association within the polymer matrix. It is clear that the adhesion between the EVAL 

and the LDH is good as there is no clear distinction between the platelets and the polymer. 

The polymer continued to cover the LDH particles at the time of fracture. 
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DSC Data 

 

 
 

Figure C-10.  DSC scans of EVA and derivative composites 

 

 

 
 

Figure C-11.  DSC scans of EVAL and derivative composites 
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Figure C-12.  DSC scans of LLDPE and derivative composites 

 

 

The figures below are DSC scans of the 5% LDH loading. A slight change is observed in the 

melting and crystallisation temperatures of each of the filled systems. 

 

 
 

Figure C-13.  DSC scans of EVAL and derivative composites 
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Figure C-14.  DSC scans of EVA and derivative composites 

 

 

 

 
 

Figure C-15.  DSC scans of LLDPE and derivative composites 
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Figure C-16.  TG data of EVA and derivative composites 

 

 

 

 

 
 

 

Figure C-17.  TG data of EVA and derivative composites 
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Evolved Gas Analysis 

 

 
 

Figure C-18.  Evolved gas analysis of neat EVAL by  TG-FTIR  
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Figure C-19.  Evolved gas analysis of EVAL/5% LDH-St by  TG-FTIR  
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Figure C-20.  Evolved gas analysis of EVAL/10% LDH-St by  TG-FTIR  
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Figure C-21.  Evolved gas analysis of EVAL/5% LDH-CO3 by  TG-FTIR  
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Figure C-22.  Evolved gas analysis of EVAL/10% LDH-CO3 by  TG-FTIR  
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Figure C-23.  Evolved gas analysis of neat EVA by  TG-FTIR  
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Figure C-24.  Evolved gas analysis of EVA/5% LDH-St by  TG-FTIR  
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Figure C-25.  Evolved gas analysis of EVA/10% LDH-St by  TG-FTIR  
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Figure C-26.  Evolved gas analysis of EVA/5% LDH-CO3 by  TG-FTIR  
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Figure C-27.  Evolved gas analysis of EVA/10% LDH-CO3 by  TG-FTIR  
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Appendix D: Organo-LDH / Jojoba oil suspension 
 

Fatty Acid-Jojoba Oil Formulation 

 

 

Table D-1.  Stearic acid in Jojoba oil formulation (J stands for Jojoba oil and S for stearic 

acid and their respective compositions) 

Sample ID 

Formulation ratio 

Weight of acid 

(g) 

Weight of Jojoba oil 

(g) 

J-S 95-5 0.5001 9.5028 

J-S 90-10 1.004 9.0151 

J-S 80-20 2.003 8.0044 

J-S 70-30  3.007 7.0023 

 

 

 

 

 

Table D-2.  Palmitic acid in Jojoba oil formulation (J stands for Jojoba oil and P for palmitic 

acid and their respective compositions) 

Sample ID 

Formulation ratio 

Weight of acid 

(g) 

Weight of Jojoba oil 

(g) 

J-P 95-5 0.5003 9.5011 

J-P 90-10 1.001 9.0034 

J-P 80-20  2.009 8.0166 

J-P 70-30 3.000 7.023 
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Figure D-1.  Viscosity-temperature curve of different stearic acid compositions in Jojoba oil 

 

 
 

Figure D-2.  20 wt.% of stearic acid in Jojoba oil heated and cooled to 24 °C (measurement 

bar is 40 µm)  
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Figure D-3.  DSC curves of different stearic acid compositions in Jojoba oil 
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Figure D-4.  Viscosity-temperature curve of different palmitic acid compositions in Jojoba 

oil 

 
Figure D-5.  20 wt.% palmitic acid in Jojoba oil heated and cooled to 25 °C (measurement 

bar is 40 µm) 

 

It is interesting to note that fatty acid crystallisation behaviour in Jojoba oil differs for stearic 

and palmitic acid. This could also explain the different gels obtained from the LDH-stearate 

and from the LDH-palmitate. Crystal shape, size and density were found to affect the 

physical properties of the final solid fat matrix (Rye et al., 2005)  
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FT-IR Spectra 

 
 

Figure D-6.  FTIR  spectra of neat Jojoba oil, 30 wt.% LDH-stearate/Jojoba oil formulation 

and stearate  

 

The Jojoba oil peaks are the same as those observed in Le Dreau et al., 2008. 
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Rheology of Fatty Acid-Intercalated LDH/Jojoba Oil Formulation 

 

Table D-3.  Visual observation of different 30 wt% of intercalated LDHs 

Sample ID Carbon 

chain 

number 

Orientation of 

intercalated 

anion 

Appearance: 

unheated treated  

formulation 

Appearance: 

heated treated  

formulation 

LDH-myristate C14 Bilayer Runny Thickens slightly on 

standing 

LDH-palmitate C16 Bilayer Slightly runny Thickens slightly on 

standing 

LDH-stearate C18 Bilayer Dropping consistency Thickens slightly on 

standing 

LDH-oleate C18 Bilayer Runny No change 

LDH-behenate C22 Bilayer Soft dropping consistency Thickens slightly on 

standing 

 

 

 
Figure D-7.  The effect of shear rate and temperature on the viscosity of Jojoba oil 

suspensions (the LDH-stearate content was 30 wt.% and the shear rate was kept constant at 

5 s-1) 
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Figure D-8.  Viscosity as a function of temperature of the neat Jojoba oil 

 
 

Figure D-9.  Summary of rhombohedral-shaped LDH-palmitate: A – SEM image of 
morphology of particles; B – XRD diffractograms with a d-spacing of 4.7 nm; C – TGA data 
indicating organic content; D – viscosity curve as a function of temperature of the derivative 

30 wt.% formulation 

A B 

C D 
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Figure D-10.  Summary of subhedral-shaped LDH-palmitate: A – SEM image of 

morphology of particles; B – XRD diffractograms with a d-spacing of 4.46 nm; C – TGA 

data indicating organic content; D – viscosity curve as a function of temperature of the 

derivative 30 wt.% formulation 

 

  

A B 

C 
D 

 
 
 



 

207 
 

Complex viscosity behaviour was observed for the C16–C22 intercalated LDHs.  

 

 

 
 

Figure D-11.  Summary of subhedral-shaped LDH-behenate: A – SEM image of morphology 

of particles; B – XRD diffractograms with a d-spacing of 6.08 nm; C – TGA data indicating 

organic content; D – viscosity curve as a function of temperature of the derivative 30 wt.% 

formulation 

 

Other formulations were attempted with LDH-palmitate and behenate/Jojoba oil systems, and 

similar results were obtained. However, the products were found to have a higher viscosity 

that the LDH-stearate derivatives and became grease-like. This could be explained by the 

fatty acid-platelet association, which results in the release of a hydrogen ion (H+). The 

hydrogen attacks the unsaturated bonds of the Jojoba oil. Hydrogenation of these bonds 

A B 

C 
D 
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results in the change of properties from oil (liquid) to wax (solid-like). Hence, fatty acid-

intercalated LDHs may potentially be used as rheological modifiers. As a result it is 

recommended that further analysis and experimentation be conducted to determine the effect 

that LDH-fatty acid has on the rheological behaviour of Jojoba oil.  

 

The co-intercalated samples also showed this complex viscosity, i.e. for the palmitic and 

stearic acid co-intercalated LDH (LDH-Pal-St), and for the Jojoba oil and stearic acid-

intercalated LDH (LDH-Jojoba/stearate). 

 

Figure D-12.  Summary of subhedral-shaped LDH-Pal-St: A – SEM image of morphology of 

particles; B – XRD diffractograms with a d-spacing of 4.56 nm; C – TGA data indicating 

organic content; D – viscosity curve as a function of temperature of the derivative 30 wt.% 

formulation 
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Figure D-13.  Summary of subhedral-shaped LDH-(Jojoba/stearate): A – SEM image of 

morphology of particles; B – XRD diffractograms with d-spacings of 5.06 and 4.46 nm; C – 

TGA data indicating organic content; D – viscosity curve as a function of temperature of the 

derivative 30 wt.% formulation 
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