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 Two types of thermally stable organo
(Na+) in the repeating units of silicate layers of montmorillonite (MMT) were replaced by alkylphosphonium ions which are 
tetrabutylphosphonium (TBP) and tributyl(methyl)phosphonium (TBMP) ion, respectively. 
montmorillonite (MMT) interlayer was meant to change the hydrophilic nature of 
characterized by Fourier transform infrared spectroscopy (FTIR), elemental analysis, thermogravimetric analysis (TGA) and X
diffraction (XRD). The insertion of alkylphosphonium ions into the interlayer of 
diffractogram to lower angles corresponding to the increased of MMT interlayer distance. Tremendous increase of carbon content due to 
the presence of alkylphosphonium ions in the OMMTs was confirmed by elemental analysis and supporting by the appearance of of
methyl group FTIR. OMMTs were found to degrade at higher temperature in comparison to commercial modified MMT (Cloisite 93A).
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INTRODUCTION 
 
 Polymer reinforced by low weight percentages 
(1- 10 wt%) of nanoscopically dispersed organically 
modified layered silicates, or organoclay are 
attracting researchers because of their diverse 
excellent abilities such as enhance mechanical 
properties and improve thermal stability. Sodium 
montmorillonite (Na+-MMT) is one of the most 
familiar inorganic filler used in the preparation of 
polymer/clay nanocomposite.  On account due to the 
incompatibility problem with polymers which are 
commonly organophilic, Na+-MMT has to undergo 
chemical modification to overcome this problem. 
Organically modified layered silicates are 
synthesized by replacing naturally occurring sodium 
cation (Na+) in the interlayer of montmorillonite by 
cationic organic surfactants. The first generation of 
MMT-based organoclays employed quater
ammonium halide with long alkyl chain. The low 
thermal stability of ammonium surfactants give rise 
to a problem for melt intercalation method where 
high processing temperatures exceeding 200°C are 
commonly encountered. Thermal degradation during 
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ABSTRACT 

organo-montmorillonite (OMMT) were prepared via ion exchange reaction. The interlayer sodium ion 
) in the repeating units of silicate layers of montmorillonite (MMT) were replaced by alkylphosphonium ions which are 

tyl(methyl)phosphonium (TBMP) ion, respectively. The insertion of alkylphosphonium ions into 
montmorillonite (MMT) interlayer was meant to change the hydrophilic nature of Na+-MMT to organophilic. 

ared spectroscopy (FTIR), elemental analysis, thermogravimetric analysis (TGA) and X
The insertion of alkylphosphonium ions into the interlayer of Na+-MMT had shifted the 001 diffraction plane of XRD 

responding to the increased of MMT interlayer distance. Tremendous increase of carbon content due to 
the presence of alkylphosphonium ions in the OMMTs was confirmed by elemental analysis and supporting by the appearance of of

found to degrade at higher temperature in comparison to commercial modified MMT (Cloisite 93A).

montmorillonite; alkylphosphonium; thermal degradation. 

Polymer reinforced by low weight percentages 
10 wt%) of nanoscopically dispersed organically 

modified layered silicates, or organoclay are 
attracting researchers because of their diverse 
excellent abilities such as enhance mechanical 
properties and improve thermal stability. Sodium 

MMT) is one of the most 
familiar inorganic filler used in the preparation of 
polymer/clay nanocomposite.  On account due to the 
incompatibility problem with polymers which are 

MMT has to undergo 
me this problem. 

Organically modified layered silicates are 
synthesized by replacing naturally occurring sodium 

) in the interlayer of montmorillonite by 
cationic organic surfactants. The first generation of 

based organoclays employed quaternary 
ammonium halide with long alkyl chain. The low 
thermal stability of ammonium surfactants give rise 
to a problem for melt intercalation method where 
high processing temperatures exceeding 200°C are 
commonly encountered. Thermal degradation during 

processing could initiate/catalyzed polymer 
degradation, in addition to cause a variety of 
undesirable effects during processing and in the final 
product as well as cause alteration of interface 
between matrix and layered silicates [1]. If the 
processing temperature is higher than the thermal 
stability of the organically modified MMT, then 
decomposition occurs, and the interface between the 
filler and the matrix polymer is effectively altered 
[2]. 
 The synthesis of promising organoclay based on 
triphenyl vinylbenzyl phosphonium has been 
reported[3]. The organoclay exhibited better thermal 
stability than ammonium surfactant modified 
organoclays. The enhancement of thermal stability of 
phosphonium modified clay makes it potentially 
useful material forpolymers, whic
processed at high temperature, where the ammonium 
clays undergo degradation[16-
 
1. Objectives: 
 This study evaluates the thermal behavior of 
tetrabutylphosphonium (TBP) and 
phosphonium (TBMP) as interlayer ion in 
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phosphonium modified clay makes it potentially 
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This study evaluates the thermal behavior of 
tetrabutylphosphonium (TBP) and  tributyl (methyl) 
phosphonium (TBMP) as interlayer ion in 
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montmorillonite and their potential to replace the 
ammonium organoclays in the preparation of 
polymer/organically modified layered silicate 
nanocomposites[18]. 
 
Materials and Methods 
 
 Sodium montmorillonite (Na+-MMT), was 
supplied by Kunimine Inc, Japan with cation 
exchange capacity (CEC) of 119meq/100g. 
Commercial alkylammonium modified 
montmorillonite (Cloisite 93A) was supplied by 
Southern Clay Products, USA with cation exchange 
capacity (CEC) of 90meq/100g. 
Tetrabutylphosphonium chloride (TBP) and 
tributyl(methyl)phosphonium methylsulphate 
(TBMP)supplied by IoLiTec Inc, USA. 
 The organophilization process was carried out 
by cation exchange reaction between sodium cation 
in the interlayer of montmorillonite with 
phosphonium ions. Twenty grams of Na+-MMT were 
dispersed in 1000 mL of distilled water for an hour at 
at 80ºC. An aqueous solution of phosphonium ion 
which equivalent to CEC in the ratio of 1:1.2 was 
slowly added to the Na+-MMT dispersion under 
vigorous stirring for 12 hours to flocculate the MMT. 
The resulting suspension was then filtered and 
precipitated of OMMT was washed in hot water 

(80°C).The precipitate dried in an oven at 110oC for 
two days and has been ground using mortar to get 
fine organoclay powder. 
 The observation of the changes in the diffraction 
angle corresponds to the 001 plane of the MMT was 
examined by using x-ray diffractometer with Cu Kα 
radiation (λ = 0.154nm). The presence of alkyl group 
in the interlayer after the modification of MMT was 
performed by using Fourier Transform Infrared 
(FTIR) and carbon, hydrogen, nitrogen and sulphur, 
CHNS elemental analysis.  
 The difference in thermal stability between Na+-
MMT, Cloisite 93A and modified-montmorillonite 
(TBP-MMT and TBMP-MMT) were studied by 
using thermogravimetric analysis (TGA). 
 
Results and Discussion 
 
4.1 X-Ray Diffraction: 
 X-Ray diffactogram in Figure 1 shows the basal 
spacing and diffraction peak of d001 plane of Na+-
MMT, Cloisite 93A, OMMT of 
tetrabutylphosphonium-montmorillonite (TBP-
MMT) and tributyl(methyl)phosphonium 
methylsulphate (TBMP). X-ray diffraction (XRD) 
allows the measurement of interlayer distance in the 
structures which summarized in Table 1. 

 

 
 
Fig. 1: X-ray diffractograms of Na+-MMT, Cloisite 93A, TBP-MMT and TBMP-MMT. 
 
Table 1:. Basal spacing and diffraction peak of 001 plane of Na+-MMT, TBMP-MMT, TBP-MMT and Cloisite 93A. 

Sample 2θ (°) Basal spacing (nm) 
Na+-MMT 7.31 1.2 

TBMP-MMT 6.25 1.4 
TBP-MMT 5.47 1.6 
Cloisite 93A 3.37 2.6 

 
 Na+-MMT shows a characteristic diffraction 
peak at 2θ of 7.31° corresponding to the 001 plane 
diffraction with basal spacing of 1.21 nm. For TBP-
MMT, TBMP-MMT and Cloisite 93A,The d001 
diffraction peak shifted to lower 2θ angles followed 
by the increasing of basal spacing value.  These 
observations indicate that Na+ cation had 
successfully been exchanged by long alkyl chain of 
ammonium/phosphonium cation thus expand the 
interlayer distance[4].  
 Value of d001 related to the interlayer cation 
arrangement in clay interlayer. Interlayer cation with 

longer alkyl chain which has higher molecular 
weight probably contribute in further interlayer 
distance as the long alkyl chain push the clay layers 
further apart. Increasing chain length will enhance 
the compatibilizing agent organophilicity thus 
decreasing its solubility in water. 
 
4.2  FTIR Analysis: 
 FTIR analysis has been carried out to confirm 
the presence of alkyl of ammonium/phosphonium 
cation between the interlayer MMT. Figure 2 shows 
the FTIR spectra of Na+-MMT and OMMTs. 
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Absorption peaks at 3414 and 3633cm-1 are assigned 
to the –OH in the Si-OH and Al-OH groups of the 
tetrahedral and octahedral sheets of MMT and water 
molecules [5]. The broad band near 3400 cm−1 is due 
to the –OH stretching mode of interlayer water and 
this band become narrow in OMMTs spectra due to 
the changing nature of MMT from organophobic to 
organophilic. The absorption peak in the region of of 
1640cm−1 is attributed to –OH bending mode of 
adsorbed water [5-7].  

 The most significant difference between Na+-
MMT spectrum with Cloisite 93A and OMMTs 
spectra positioned in the range of 2849-2962 cm-

1.The bands within in this range are related to the 
asymmetric and symmetric vibrations of C-H that 
confirmed the presence of alkyl group after the 
intercalation process [5-11]. The IR spectra showed 
the expected absorption bands in the range of 1417-
1468 cm-1 attribute tostretching of aliphatic C-C in 
long alkyl chain of ammonium/phosphonium cation 
[5-8].  

 

 
 
Fig. 2: FTIR spectra of Na+-MMT Cloisite 93A, TBP-MMT and TBMP-MMT. 
 
4.3 Elemental Analysis: 
 Organoclays exhibit significant increment of 
carbon content as complementary evidence of the 
successful intercalation of alkylphosphonium and 
alkylammonium cation into the interlayer as proved 
by XRD analysis and FTIR analysis. Very low 
percentage of carbon wasdetected in Na+-MMT 
probably comes from impurities in the environment. 
The alkyl group that should be presented in 

organically modified MMT, OMMT was recorded by 
the elemental analysis. The existence of the alkyl 
group in the interlayer anion which are element of 
carbon and hydrogen increased dramatically as 
shown in Table 2. Elemental analysis shows 
substantial increment of carbon content in modified 
MMT up to 27.27% thus confirming the presence of 
the alkyl group in the interlayer of montmorillonite. 

 
Table 2: Nitrogen, carbon and hydrogen content in Na+-MMT, TBMP-MMT, TBP-MMT and Cloisite 93A. 

Sample 
Element Composition (%) 

Nitrogen Carbon Hydrogen 
Na+-MMT 

TBMP-MMT 
TBP-MMT 
Cloisite 93A 

0.01 
0.01 
0.00 
0.84 

0.06 
12.46 
12.60 
27.27 

0.87 
3.02 
2.70 
5.20 

 
4.4 Thermogravimetric analysis (TGA): 
 Figure 3 shows the TGA thermograms of Na+-
MMT, TBMP-MMT, TBP-MMT and Cloisite 93. 
The weight loss below 200°C refers to the first 
degradation step which is related to the dehydration 
of physically adsorbed water and water molecules 
around metal cations in the interlayer [12-13]. Na+-
MMT experienced significant weight loss in 
comparison to Cloisite 93A and OMMTs.The 
naturally exist minerals in the Na+-MMT interlayer 
being highlyhydrated due to the large internal surface 
of hydrophilic Na+-MMT thus releasing free water at 
low temperature. 
 The total weight loss of Cloisite 93A and 
OMMTs, in the first degradation step were between 
0.3 – 0.9% (Table 3).  These values are very small 
compared to Na+-MMT which has loss of 13% of 

weight due to the changing nature of MMT from the 
hydrophilic to hydrophobic, thus reducing the 
amount of hydrated water in/on OMMTs. 
 At temperature above 200°C, Na+-MMT was 
stable and only experienced small weight loss which 
related to the dehydration of structural water (Figure 
3). Although Na+-MMT is stable at this temperature, 
it must undergo modification process in order to 
overcome the incompatibility with polymer matrix. 
Hence, the interlayer cation used as compatibilizing 
agent must has good thermal stability to avoid 
degradation during melt intercalation process. 
 Thermal behavior of organically modified 
montmorillonite in the temperature range between 
200-500°C is very important because at this 
temperature range, the interlayer cation begin to 
decompose [13-15]. Ammonium modified 
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montmorillonite and phosphonium modified 
montmorillonites experienced main thermal 
decomposition at temperature between 200-500°C 

which in this range organic substance start to 
decompose. 
  

 

 
 
Fig. 3: TGA thermograms of Na+-MMT, TBMP-MMT, TBP-MMT and Cloisite 93. 
 
Table 3: Temperature of first degradation step for Na+-MMT, Cloisite 93A and OMMTs. 

Sample Tonset (°C) Toffset (°C) % Mass loss 
Na+-MMT 40 97 13.0 

TBMP-MMT 39 84 0.6 
TBP-MMT 39 75 0.9 
Cloisite 93A 39 60 0.3 

 
 Organic materials in Cloisite 93A start to 
decompose at Tonset = 291°C which is lower than 
alkylphosphonium modified montmorillonite 
(OMMTs) (Table 4). OMMTs start to degrade at 
onset temperature of 358 and 384°C for TBP-MMT 
and TBMP-MMT respectively.The same trend was 
reported in thermal stability of alkylphosphonium-
montmorillonite compared to alkylammonium-
montmorillonite [3, 15].  The behavior of 
phosphonium different from ammonium salt is 
probably due to the higher steric tolerance of the 

phosphorus atom as well as the participation of its 
low energy d-orbitals in the processes of making and 
breaking bonds thus make it capable of undergoing a 
wide range of reactions. The ammonium salts, 
however, cannot decompose by a substitution 
mechanism to produce amine oxide because the 
nitrogen atom has no vacant d orbitals of low enough 
energy to form a five-coordinate intermediate. As a 
result, phosphonium salts can be more easily 
attacked by edge OH and thus more susceptible to 
catalytic effects than ammonium salts [15]. 

 
Table 4: Thermal decomposition of organic material in Cloisite 93A and OMMT at second degradation step. 

Sample Tonset (°C) Toffset (°C) % Mass loss 
TBP-MMT 358 501 16 

TBMP-MMT 384 532 14 
Cloisite 93A 291 444 26 

 
2. Conclusion: 
  Na+-MMT modified with alkylphosphonium has 
greater thermal stability than Cloisite 93A 
(ammonium surfactant). Alkylphosphonium exhibit 
different behavior from Cloisite 93A due to the 
higher steric tolerance of the phosphorus atom and 
the participation of its low-lying d-orbitals in the 
processes of breaking and making chemical bonds. 
Because of their relatively high thermal stability, 
alkylphosphonium would be more suitable in the 
preparation of polymer layered silicate composites 
via melt processing than Cloisite 93A. 
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