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APPENDIX A

T h e  c a l c u l a t i o n  o f  N a - e x c h a n g e d  p e r c e n t a g e

The 1000-ppm NaCl solution was used as the stock solution. The 100- 
ppm Na+ solution was first prepared by dilution from the 1000-ppm NaCl 
solution. Then, the 2-, 5-, and 10-ppm NaH solutions were further prepared 
from the 100-ppm Na+ solution. Finally, the 0.2-, 0.5-, and 1-ppm Na+ 
solution were prepared by dilution from the 2-, 5-, and 10-ppm Na+ solutions 
respectively, and they were subsequently used as standard Na+ solutions to 
create a calibration curve as shown in Figure Al.

0.7ธ8 ---------------------------------------------------------------------------- —
.OB’’

A I
B Iร j

8 .0 0 0  Lilli_______________________________________j
0.88 CONCENTRATION ppn 1.10

F i g u r e  A l  alibration curve obtained from standard Na+ solutions.

The sample solution was collected from the supernatant part in the 
preparation of the organically modified MMT. This solution was diluted into 
1000 times and used as the sample solution for AAS test. The Na+-exchanged 
percentage was calculated from the following equation

Amount of Na+in solution obtained from AASNa-exchanged percentage = -------------------------------------------------------  X 100
Weight o f  montmorillonite X 1 19 e °



APPENDIX B

T G A  t h e r m o g r a m s  o f  m o d i f y i n g  a g e n t s  a n d  o r g a n i c a l l y  m o d i f i e d  M M T s

F i g u r e  B 1  TGA thermograms of modifying agents: (a) DO, (b) TET,
(c) HEX, (d) OC, (e) HEXT, (f) OCT.

F i g u r e  B 2  TGA thermograms of primary-alkylamine modified MMTs: 
(a) DO-MMT, (b) TET-MMT, (c) HEX-MMT, (d) OC-MMT.
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F i g u r e  B 3  TGA thermograms of quaternary-ammonium-salt modified 
MMTs: (a) HEXT-MMT, (b) OCT-MMT



APPENDIX c

T e n s i l e  t e s t i n g  d a t a  o f  o r g a n i c a l l y  m o d i f i e d  M M T / N R  c o m p o s i t e s

T a b l e  C l  Tensile strength testing data of organically modified MMT/NR 
composites prepared by solution technique

Type of 
modified clay

Tensile strength (MPa)
1 2 3 4 Average SD

NR 18.5 19.6 18.0 19.8 19.0 0.9
Na-MMT 22.9 22.2 22.5 23.7 22.8 0.6
DO-MMT 30.1 28.1 30.2 29.1 29.4 1.0
TET-MMT 31.0 30.0 28.9 29.1 29.7 1.0
HEX-MMT 30.7 32.0 32.7 30.6 31.5 1.0
OC-MMT 32.1 32.1 33.6 31.5 32.3 0.9

ffEXT-MMT 28.9 29.9 29.8 28.9 29.4 0.6
OCT-MMT 30.8 28.8 31.1 29.3 30.0 1.1

T a b l e  C2 Tensile strength testing data of organically modified MMT/NR 
composites prepared by melt technique

Type of 
modified clay

Tensile strength (MPa)
1 2 3 4 Average SD

NR 19.9 19.5 19.1 18.8 19.3 0.5
Na-MMT 21.5 22.1 22.6 21.2 21.9 0.6
DO-MMT 22.0 22.9 23.0 23.0 22.7 0.5
TET-MMT 24.3 24.7 25.2 25.1 24.8 0.4
HEX-MMT 26.2 25.8 26.5 27.0 26.4 0.5
OC-MMT 26.7 26.6 27.6 27.0 26.9 0.5

HEXT-MMT 21.2 22.1 20.1 21.9 21.3 0.9
OCT-MMT 21.9 21.8 21.0 22.2 21.7 0.5
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Table C3 Tensile strength testing data of organically modified MMT/NR
composites prepared by solution technique as a funtion of clay loading

Gay loading (phr) Tensile strength (MPa)
1 2 3 4 Acerage SD

1 26.9 26.2 26.6 27.6 26.8 0.6
3 29.8 29.9 29.4 30.1 29.8 0.3
7 32.5 32.1 32.6 31.6 32.2 0.5
10 29.1 29.7 30.5 29.8 29.8 0.6
12 28.9 28.8 29.7 29.3 29.2 0.4

T a b l e  C4 Tensile strength testing data of organically modified MMT/NR 
composites prepared by melt technique as a funtion of clay loading

Gay loading (phr) Tensile strength (MPa)
1 2 3 4 Acerage SD

1 25.0 24.9 25.3 25.9 25.3 0.5
3 26.1 26.2 26.8 25.8 26.2 0.4
7 26.7 25.6 26.8 26.7 26.4 0.6
10 25.1 25.6 24.7 25.2 25.2 0.4
12 24.8 24.7 24.3 23.4 24.3 0.7
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Table C5 Elongation-at-break testing data of organically modified MMT/NR
composites prepared by solution technique

Type of modified 
clay

Elongation (%)
1 2 3 4 Average SD

NR 745 749 759 729 745 13
Na-MMT 723 702 718 706 712 10
DO-MMT 724 712 745 730 728 14
TET-MMT 711 748 734 725 729 16
HEX-MMT 734 713 729 710 722 12
OC-MMT 742 742 735 716 734 12

HEXT-MMT 619 622 643 638 630 12
OCT-MMT 605 629 625 639 624 14

T a b l e  C 6  Elongation-at-break testing data of organically modified MMT/NR 
composites prepared by melt technique

Type of modified 
clay

Elongation (%)
1 2 3 4 Average SD

NR 752 749 759 762 756 6
Na-MMT 724 732 712 726 723 8
DO-MMT 709 708 711 724 713 8
TET-MMT 711 705 719 722 714 7
HEX-MMT 709 721 713 702 713 6
OC-MMT 743 729 729 723 731 9

HEXT-MMT 654 675 637 662 657 16
OCT-MMT 638 661 661 658 655 11



44

Table C7 300 % Modulus testing data of organically modified MMT/NR
composites prepared by solution technique

Type of modified 
clay

300 % Modulus (MPa)
1 2 3 4 Average SD

NR 2.2 2.2 2.0 2.1 2.1 0.1
Na-MMT 2.1 2.2 2.1 2.2 2.2 0.1
DO-MMT 3.9 3.8 3.9 3.9 3.9 0.1
TET-MMT 4.4 4.1 4.1 4.3 4.2 0.1
HEX-MMT 4.2 4.2 4.2 4.0 4.2 0.1
OC-MMT 4.4 4.1 4.5 4.4 4.3 0.1

HEXT-MMT 5.8 5.7 5.5 5.5 5.6 0.1
OCT-MMT 6.1 6.1 6.2 6.0 6.1 0.1

T a b l e  C 8  300 % Modulus testing data of organically modified MMT/NR 
composites prepared by melt technique

Type of modified 
clay

300 % Modulus (MPa)
1 2 3 4 Average SD

NR 2.5 2.5 2.3 2.5 2.4 0.1
Na-MMT 2.4 2.4 2.2 2.4 2.3 0.1
DO-MMT 2.7 2.8 2.9 2.8 2.8 0.1
TET-MMT 3.3 3.3 3.1 3.2 3.2 0.1
HEX-MMT 3.2 3.3 3.3 3.3 3.3 0.0
OC-MMT 3.2 3.4 3.4 3.4 3.3 0.1

HEXT-MMT 2.9 3.0 3.0 2.9 2.9 0.0
OCT-MMT 2.9 2.7 2.8 2.8 2.8 0.1
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Table C9 Shore hardness testing data of organically modified MMT/NR
composites prepared by solution technique

Type of modified 
clay

Hardness (Shore A)
1 2 3 4 Average SD

NR 40.3 40.2 39.7 39.8 40.0 0.3
Na-MMT 43.3 42.9 43.1 43.0 43.1 0.2
DO-MMT 54.0 54.1 53.8 53.5 53.9 0.3
TET-MMT 56.8 57.1 56.9 57.3 57.0 0.2
HEX-MMT 59.2 60.0 58.9 59.3 59.4 0.5
OC-MMT 60.4 60.9 60.9 61.6 61.0 0.5

HEXT-MMT 58.8 58.7 59.9 60.2 59.4 0.8
OCT-MMT 59.7 60.6 60.7 61.5 60.6 0.7

T ab le CIO Shore hardness testing data of organically modified MMT/NR 
composites prepared by melt technique

Type of modified 
clay

Hardness (Shore A)
1 2 3 4 Average SD

NR 39.2 39.0 39.0 40.1 39.3 0.5
Na-MMT 42.6 42.7 42.8 42.9 42.8 0.1
DO-MMT 44.6 45.1 45.3 45.9 45.2 0.5
TET-MMT 51.0 50.8 50.4 50.7 50.7 0.3
HEX-MMT 52.9 52.1 52.3 51.4 52.2 0.6
OC-MMT 53.3 53.8 54.0 53.6 53.7 0.3

HEXT-MMT 45.7 45.3 45.7 45.5 45.6 0.2
OCT-MMT 45.3 45.1 46.1 45.9 45.6 0.5



APPENDIX D

T orq u e-tim e-tem p eratu re relationsh ip  o f  N R /clay (7 phr) com p osites  
prepared  by m elt techn iq ue using B rab en der P lasticorder

A b b rev ia tion s

Minimum 
Maximum

A-B : Loading peak to Minimum
B-X : Minimum to Maximum
X-E : Maximum to End = Fusion time (t)
A-X : Loading peak to End

A ะ Loading peak B
G : Inflection point X
E : End
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Figure D1 Torque-time-temperature relationship of NR.
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Figure D2 Torque-time-temperature relationship of Na-MMT/NR
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F igure D3 Torque-time-temperature relationship of DO-MMT/NR.
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Figure D4 Torque-time-temperature relationship of TET-MMT/NR
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Figure D5 Torque-time-temperature relationship of HEX-MMT/NR.
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Figure D6 Torque-time-temperature relationship of OC-MMT/NR.
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F i g u r e  D7 Torque-time-temperature relationship o f H EXT-M M T/NR.
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F i g u r e  D8 Torque-time-temperature relationship o f OCT-MMT/NR.
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