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Abstract. A simple and versatile method is reported for the synthesis of La(OH)3 on halloysite 

nanotubes (HNT) for the catalytic depolymerization of liquid epoxidized natural rubber (LENR). 

The lanthanum nitrate was incorporated into HNT by impregnation method. The characteristics 

of these La(OH)3–HNT catalysts were investigated by using SEM equipped with Energy 

Dispersive X-ray (EDX), X-Ray Fluorescence (XRF), Fourier-transform Infrared Spectroscopy 

(FTIR), X-Ray Diffraction (XRD), Ultraviolet Visible Light (UV-Vis) and Photoluminescence 

(PL). The obtained results confirm the presence of La(OH)3 on the surface of HNT. The presence 

of La(OH)3 -HNT in the LENR exhibited excellent depolymerization reaction resulting in a 

reduction of the average molecular weight (Mw) from 18984 to 2111. The Mw was measured by 

gel permeation chromatography (GPC). 

Keywords: Depolymerization, LENR, Lanthanum hydroxide, La(OH)3, HNT, catalyst 

1. Introduction 

Natural rubber (NR) is a biopolymer which consists of repeating monomer units of cis-1,4-isoprene that 

are randomly distributed along the polymer chain [1]. Having epoxy groups in the structure of NR results 

in a derivative which is known as epoxidized natural rubber (ENR) [2]. ENR consists of shorter 

polymeric chains compared to NR with part of the C=C being converted into epoxy group. Liquid 

epoxidized natural rubber (LENR) could be obtained from the degradation of ENR. Previously reported 

research on depolymerization of ENR requires a lower molar mass for effective use [3]. Since LENR is 

a liquid form of ENR with smaller molecular weight, LENR is the best solution used for 

depolymerization studies [4]. Scheme 1(a) illustrates the structure of NR and its derivative, LENR. 

Various techniques have been used to study the degradation of polymer such as chemical degradation 

[5], pyrolysis [6], metathetic [7], co-gasification [8] and hydrogenation [5].The limitations of these 

processes are related to high usage of solvents, high temperature and pressure and various side reactions. 

Limited studies are available regarding catalytic degradation studies. Previously, studies have focused 

on the catalytic degradation of lignin in the presence of cerium, Ce and lanthanum, La on carbon 

nanotubes (CNT) as a catalyst [9]. The presence of catalyst helps the polymer chain to break effectively 

via the C-C bond. Similar investigations on the use of metal supported catalyst for polymer degradation 

such as waste tire [10], used palm oil [11], heavy oil [12], soybean oil [13], biomass tar [14] and guaiacol 

[15] are also available. A wide range of catalysts such as nickel, Ni [15], gold, Au [16], platinum, Pt 

[17], palladium, Pd [18], and ruthenium, Ru [19] can be employed to promote the catalytic degradation 

of polymers. The catalytic activity depends on several factors which include the type of metal employed 
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and the properties of the support used. HNT are natural occurring eco-friendly nanotubes that are formed 

over millions of years. The chemical structure of HNT is illustrated in scheme 1(b). Metal supported 

HNT has gained increasing attention lately due to its low cost [20]. Hence, in this study the performance 

of La species supported on HNT for the depolymerization of LENR is examined and the obtained 

degradation compound was investigated. 

 

Scheme 1. Chemical structure of (a) LENR [21] and (b) HNT [22, 23]. 

2. Experimental 

2.1. Materials 

LENR with 50% of epoxidation was obtained as a gift from Malaysian Rubber Board. HNT with 99% 

purity was purchased from Sigma Aldrich, US. Meanwhile, other chemicals such as toluene, chloroform 

and tetrahydrofuran (THF) used in this study were all obtained from QRëCTM, Malaysia. The lanthanum 

nitrate hexahydrate salt, La(NO3)3.6H2O was purchased from Sigma Aldrich, US. 

2.2. Preparation of catalyst 

La(NO3)3.6H2O was used as starting material and HNT as a support. For the preparation of 0.5 M 

La(NO3)3.6H2O solution, 0.015 mol La(NO3)3.6H2O was weighed and dissolved in 10 mL distilled 

water. Then, 5 g HNT was impregnated in 7.18 mL of 0.5 M La(NO3)3.6H2O solution for the preparation 

of La3+-HNT and stirred for 24 h. The mixture was then dried in air overnight and then dried in an oven 

at 50°C for 3 days for the formation of La(OH)3-HNT. After grinding, the catalyst was stored in a 

desiccator before use. XRF analysis revealed the La content as 9.24 wt%. Hence the catalyst was denoted 

as 9.25 wt% La(OH)3-HNT. 

2.3. Depolymerization of LENR 

About 1 g of LENR was dissolved in 20 ml of toluene. The solution was transferred into a 30 mL Teflon-

lined reactor and mixed with 0.5 g of La(OH)3-HNT catalyst. The mixture was heated for 2 to 6 hours 

at different temperatures between 150 and 250℃ in a furnace. After that, the mixture was cooled to room 

temperature and then was centrifuged for 5 to 10 minutes at 3500 rpm. The product was vacuum dried 

for 3 days at room temperature. The products were analysed with GPC. 

2.4. Characterization 

The chemical compositions of the prepared catalysts were obtained by X-ray fluorescence spectroscopy 

(XRF) analysis to determine the percentage of La metal on the HNT. A PanAlytical Axios Mas 
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(Holland) XRF equipped with a rhodium tube and beryllium window was employed. The XRD analysis 

was conducted on a Bruker D8 Advance X-ray powder diffractometer with a Cu–Kα radiation (λ=1.54 

Å, 40 kV, 40 mA) in the 2θ range of 10°-90°. A Perkin Elmer Fourier Transform Infrared (FTIR) with 

attenuated total reflectance (ATR) technique was used for the analysis of the functional group presence. 

The spectra were measured at the range from 600 to 4000 cm-1 at room temperature. The UV-Vis diffuse 

reflection spectra were obtained for a dry-pressed disk sample using a Perkin Elmer Lambda 35. 

Fluorescence measurements were performed using a Perkin Elmer LS55 Fluorescence spectrometer. 
The surface morphology of the catalyst was observed by using a Quanta 650 scanning electron 

microscopy (SEM) (Holland) coupled with Energy Dispersive Spectroscopy (EDS) for further elements 

identification of the catalysts. The samples were sputter coated with gold using Polaran (Fiscons) 

SC515, VG Microtech Susses Sputter Coated (United Kingdom). The thermal decomposition of the 

La(OH)3-HNT using a TGA/SDTA 851 Mettler Toledo instrument in nitrogen atmosphere from 30 to 

920°C at a heating rate of 20°C min-1.Agilent 1260 Infinity MDS GPC was used to determine the average 

molecular weight (Mw) and average molecular number (Mn) of LENR using tetrahydrofuran (THF) as 

solvent at a flow rate of 1 ml min-1. 

3. Result and Discussion 

3.1. X-Ray Diffraction (XRD) 

The HNT as well as the catalyst prepared were inspected by using X-ray diffraction. Figure 1 shows the 

XRD trace in the 2θ range of 10°-90° for HNT and La species supported on HNT. The reflections in 

Figure 1(a) at 11.8°, 20.0°, 24.2°, 26.4°, 34.8°, 38.2°, 38.4°,54.5° and 62.5° are attributed to HNT [24]. 

As can be seen, the high intensity peak at 2θ of 11.8° corresponds to the d001 plane of HNT with a spacing 

of 7 Å [25].At this basal reflection, HNT is featuring a highly disordered tubular morphology, small 

crystal size and interstratifications of layer with different hydration states [26]. Other additional peaks 

are observed at the2θ value of 20°, 24.7° and 26.6°. The first two peaks are attributed to the d020 and d002 

diffraction planes. However, all the peaks are attributed to a dehydrated HNT structure [27-29]. Other 

work reveal that the peak at 26.6° may also be due to quartz (SiO2) available in a small amount, in the 

HNT [24].The presence of a peak at 62.5° indicates the dioctahedral mineral type of HNT [30]. 

Comparison of the XRD pattern of HNT with the catalyst shows no significant difference in terms of 

peak positions. Also, no diffraction peaks corresponding to any La species were observed. Previous 

studies reported that introducing La affected the crystal structure of the support by decreasing the 

intensity of the XRD peaks [31]. When La species was incorporated within HNT’s tubular, the water 

molecules expel from the interlayer [28]. It is possible that in this case the intensity of the HNT peaks 

in the catalyst decreases as observed in Figure 1 (b). 

 

Figure 1. XRD diffraction patterns of (a) pristine HNT 

and (b) La catalyst. 
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3.2. Fourier-Transform Infrared Spectroscopy (FTIR) 

To further confirm the La species in the catalyst, FTIR analysis was conducted. FTIR is an additional 

characterization technique which can aid in the confirmation of La(OH)3.FTIR spectrum of HNT and 

La(OH)3-HNT is depicted in Figure 2. As can be seen in Figure 2(a), HNT has peaks at 678, 750, 792, 

904, 999, 1118, 1648, 3550, 3623 and 3691 cm-1. The strong absorption at 999 cm-1due to the O-Si-O 

siloxane surface group. The peaks at 3623 and 3691 cm-1 are attributed to Al-OH stretching bands and 

1118 cm-1 is due to Si-O vibration, which are characteristic of HNTs. While the small shoulder at 3550 

cm-1 could be related to OH groups H-bonded to interlayer water [32]. Other characteristic absorption 

peaks of pristine HNT, such as at 1646 correspond to O-H deformation of water, 904 cm-1 attributed to 

O-H deformation of hydroxyl groups, 792 cm-1 correspond to symmetric stretching of Si-O and 678 cm-

1 correspond to perpendicular Si-O stretching are also seen [33, 34]. Comparison of the spectra in Figure 

2(a) to the spectra of La(OH)3-HNT in Figure 2(b) shows that similar peaks as HNT are observed. In 

addition, additional peaks are seen positioned at 1329, 1448, and 3424 cm-1. The broad peak at 3424 cm-

1 and the slightly broad peak at 1648 cm-1 are due to the O-H vibration from the absorbed water which 

occurs mostly on the surface of the active phase of the catalyst. Previous studies of La(OH)3 shows 

similar trends [35]. Also, the 1329 cm-1 peak has been attributed to the bending mode of O-H [35]. 

However other works have reported that this absorption peak is assigned to the vibration of NO3- anions 

which exist due to the La3+ salt [36]. In contrast, the peak at about 1448 cm-1 can be attributed to the 

carbonate groups which form from the reaction of La(OH)3 with CO2 from air during the analysis 

procedure [36]. La(OH)3 also exhibit peaks at 3613, 1635 and660 cm-1 due to the stretching and bending 

O-H vibration of La(OH)3, O-H vibration from the absorbed water on the surface and bending vibration 

of La-O-H. However, these peaks coincide with the peaks of HNT. Based on the FTIR, it is possible 

that La(OH)3 exists, however further confirmation is required. 

 

Figure 2. FTIR spectrum for 9.25 wt% of (a) pristine HNT and (b) La(OH)3-HNT catalyst. 

3.3. Ultraviolet Visible Light (UV-Vis) and Photoluminescence (PL) Spectroscopy 

The UV-Vis and PL properties of La(OH)3-HNT was investigated to observe the formation of La(OH)3-

HNT.The optical absorbance and PL measurement were carried out, as shown in Figure 3. As can be 

seen in Figure 3(a) HNT has an absorbance peak at 250 nm while La(OH)3-HNT shows that the 

absorption spectrum appears at 224 nm. Previous work reported that the absorbance band for La(OH)3 

is present at 237 nm [37]. Hence this work shows that the peak for the catalyst is slightly shifted. This 

might be due to the presence of HNT with La(OH)3. To further confirm the presence of La(OH)3 on 

HNT, PL measurement was carried out at room temperature. As shown in Figure 3(b), at 230 nm 

excitation wavelength, HNT show strong PL emission at 460 nm and small PL emission at 689 nm. 

However, at an excitation wavelength of 230 nm, La(OH)3-HNTshows a strong PL emission peak at 
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460 nm and smaller peaks at 692 nm, 414 nm, 371 nm and 314 nm. Emission peaks at 460 and 692 nm 

can be attributed to HNT. However, the peak at 692 may also attributed to La(OH)3. A previous work 

has shown that La(OH)3 exhibits a strong emission peak at 715 nm when excited at a wavelength of 237 

nm [37]. In this sample, other smaller peaks at 414 nm, 371 nm and 314 also appeared. Similar PL 

emission due to the presence of La(OH)3 in the sample was reported [37, 38]. 

 

Figure 3. (a) UV-Vis absorption spectrum of La(OH)3 and (b) PL emission spectrum of 

La(OH)3 with 1% attenuator. 

3.4. SEM-EDX analysis 

SEM and EDX analysis was conducted to ensure the presence of La(OH)3. This is exhibited in Figure 

4. EDX results reveal that silicon, Si, aluminium, Al, oxygen, O and La elements are available. The 

presence of Al, silicon, Si and O are attributed to the HNT while O can be attributed to both HNT and 

La(OH)3. 

 

Figure 4. EDX result of La(OH)3 -HNT catalyst. 

3.5. Thermal Gravimetric Analysis 

Thermal gravimetric analysis (TGA) was conducted to further study the thermal stability of HNTs and 

La(OH)3-HNTs. The Tmax values are tabulated in Table 1. A two-step weight loss stage can be identified 

in the HNT sample. Between the range of 30 and 100°C, the weight loss can be related to the loss of 

water from the HNT surface [27]. The major weight loss over the range of 400 to 600°C for HNT is 

attributed to the dihydroxylation of Al-OH group of halloysite [39]. Subsequently, the 9.25 wt% 

La(OH)3-HNT shows several weight loss stages occurs at four maximum temperatures which are 58, 

311, 383 and 490°C. The first interval coheres to elimination of physically adsorbed water at below 

temperature 150°C [36]. Secondly, the removal of structural water from La(OH)(3-x)(NO3)x occurs 
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between 200 and 380°C [36]. Between temperature 380 and 500°C, the weight loss is due to the removal 

of the residual structure water from LaO(OH)(1-x)(NO3)x [36]. Lastly, final weight loss at 490°C 

corresponds to HNT. It can be said that the first and last weight loss coincides with the peaks of HNT. 

Above 500°C, the weight loss can also be related to the removal of nitrate from the structure [36]. 

Table 1. Temperature maximum for HNT and La(OH)3-HNT. 

Sample Tonset 1(°C) Tmax 1(°C) Tonset 2 (°C) Tmax 22(°C) Tonset 3(°C) Tmax 3(°C) Tonset 4(°C) Tmax 4(°C) 

HNT 47 49 481 493     

La(OH)3-HNT 55 58 304 311 376 383 478 490 

3.6. Catalytic studies - Gel Permeation Chromatography (GPC).  

The sample was further inspected using GPC analysis to further study average molecular weight (Mn) 

and weight average molecular weight (Mw). The (Mn) and (Mw) of pristine LENR and its depolymerized 

derivative were determined. The data of Mn, Mw and polydispersity index, PDI are summarized in Table 

2. PDI is the ratio of Mw to Mn. According to GPC value, the presence of La(OH)3-HNT in the LENR 

at optimum condition of 200°C for 4 h of reaction exhibited excellent depolymerization reaction. The 

value of Mw of LENR reduced from 18984 to 2111. The polymer chain depolymerized due to the 

presence of La(OH)3-HNT catalyst in the system. 

Table 2. Change in molecular weight after degradation of LENR. 

Sample Mn Mw PDI (Mw/Mn) 

LENR 9150 18984 2.07 

LENR+La(OH)3-HNT 691 2111 3.05 

4. Conclusions 

The 9.25 wt% of La(OH)3 was successfully prepared through impregnation method. FTIR, and PL 

confirm the presence of La(OH)3 on HNT. The thermal decomposition of La(OH)3 was investigated by 

TG/DTG studies and these confirmed the four-step mechanism of La(OH)3-HNT. La(OH)3 underwent 

complete decomposition at about 500°C. Subsequently, the presence of La(OH)3-HNT successfully 

depolymerized LENR. The Mw of LENR was reduced from 18984 to 2111. Hence the findings of the 

present work give good performance of La(OH)3 supported on HNT in depolymerization of LENR. 

These results suggest the potential of La(OH)3 work with other metal as bimetallic catalyst supported 

on HNT towards depolymerized of LENR. 
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