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Abstract. Despite the advantages of the non-flammable, good performance and low price, poly (vinyl
chloride) (PVC) still suffer from poor thermal stability, restricting its melting process and applications.
Although addition of some heat stabilizers can be used to improve the low thermal stability, so far, they
normally compromise the environmental issues and smoke density of PVC during combustion. In this
work, a series of La doping Mg-Al layered double hydroxides (LaLDHs) with different molar ratio of
La®* / A" were successfully synthesized by coprecipitation-hydrothermal method and characterized by
X-ray diffraction (XRD), Fourier transform infrared spectrum (FT-IR), Scanning Electron Microscopy
(SEM) and Transmission electron microscopy (TEM). The results showed that the as-prepared LaLDHs
exhibit plate-like morphology with a lateral size around 100-180 nm. The different as-prepared LaLDHs
were introduced into PVC as heat stabilizer to prepare PVC nanocomposites. The thermal stability and
smoke suppression of PVC nanocomposites were investigated by TGA, thermal aging, Congo red and
smoke density rating test (SDR), respectively. All the results demonstrated that PVC-LaLDHs2
nanocomposites containing 2% LaLDHs2 (the molar ratio of La®>*/ AI** is 1 / 3) were optimized, which
achieved the maximal Tsos value of 337.2 °C, minimal SDR value of 45.6%, and prolonged the thermal
aging time from less than 10mins to 90mins, respectively thermal stability time from 1242s to 2751s. In
addition, the tensile strength and elastic modulus of PVC-LaLDHs2 respectively increased by 84.4%
(56.6 MPa) and 75.5% (1019.4 MPa) with little affecting elongation at break of PVC.

Keywords: LDHs (layered double hydroxides); rare earth ions; thermal stability; smoke suppression;
poly (vinyl chloride)

1. Introduction

Poly (vinyl chloride) (PVC) is one of the five biggest general thermoplastics and widely applied in
various fields such as construction, chemical, decoration, packaging, and cable industry for its desirable
physicochemical properties, easy acceptance and workability [1-4]. Unfortunately, PVC is inherently
sensitive to heat with poor thermal stability and tend to colorate with thermal degradation during its
processing [5, 6], and that restricts the application in many areas, especially in electrical fields. In
addition, PVC, under the influence of heat source and energy radiation, suffers autocatalytic
dehydrochlorination reactions and initial reactions of dehydrochlorination, further accelerating the
decomposition of the polymer, even resulting in great black smoke and toxic gases during combustion,
although PVC is well known self-extinguishing polymer [6].

To overcome these limitations, addition of heat stabilizer during the processing is a key factor to
improve the thermal stability of PVC. Conventional heat stabilizer used in PVVC is lead salts, which have
been challenged and restricted by environmental legislations because of the heavy metals with toxicity
on organisms and environment [7]. Metal soaps have excellent transparency and lubricity, while their
efficiency of thermal stability is low when they are used alone [8]. As a high-efficiency, non-toxicity,
and synergetic effect with other heat stabilizers, Rare-earth stabilizer attracts increasing attention and
share fascinating prospect [9, 10].
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However, the initial stabilization effect of rare-earth stabilizer is not satisfying, as well as its
expensive price. For these reasons, a new heat stabilizer with non-toxic, eco-friendly and economical
that could substantially improve initial stabilization efficiency is urgently needed.

Recent years, Layered double hydroxides (LDHs) with exchangeable bimetallic cations and
interlayer anions have been given a great research potential and application prospect for its special
structure and various properties [11-15]. As a promising thermal stabilizer, LDHs exhibits a desired
effect of enhancement on thermal stability of PVC. Liu et al. [16] have reported that alkalescency and
layered structure of Mg-Al LDHs could scavenge the HCI produced in the degradation of PVC [17].
Unfortunately, this chemical composition of Mg-Al LDHs is difficult to suppress the initial discoloration
and dechlorination of PVC, because of its inability to react with labile chlorine atoms (such as allyl
chloride) [10, 18]. Wang et al. [19] showed that Zn-doped Mg-Al LDHSs could efficiently improve the
initial and long-term thermal stability of PVC nanocomposites. However, the unsuitable production
ZnCl; could catalyze the degradation of PVVC, resulting in malignant decomposition of PVC and making
PVC turn black suddenly, namely phenomenon of “zinc burning” [20]. Different from the above works,
Yang et al. [21] prepared rare-earth ions doped LDHSs, and found that rare-earth ions doped LDHSs not
only avoid to occur “zinc burning”, but also the effect of thermal stability improve significantly, which
benefited from the catalytic and synergistic effect of rare-earth ions [22]. Moreover, the content of rare-
earth ions has a great influence on the thermal stability of doped LDHSs, and modulation of the ratio of
metal ions plays a crucial role in the heat stabilizer.

Consistently, LDHs has been considered as one of the most potential flame-retardant and smoke
suppression material for polymers owing to its unique chemical composition and layered structure [20,
23, 24]. Therefore, we herein attempt to dope rare-earth element Lanthanum into Mg-Al LDHs for
synthesizing novel heat stabilizer with manipulating the molar ratio of metal ions. It can be presumed
that introduction of rare-earth element Lanthanum doped Mg-Al LDHs will contribute to an
improvement of PVC thermal stability and, at the same time, it can be expected that such a heat stabilizer
will reduce the smoke density of PVC during combustion. In addition, introduction of rare-earth element
Lanthanum doped Mg-Al LDHs to the PVC nanocomposites will even contribute to the mechanical
properties of the proposed PVC nanocomposites. Above all, assessment of these modifications is the
main target of this research in the present work.

2. Materials and methods
2.1. Materials

The pure PVC powders (SG-8) were obtained from Xinjiang Tianye (group) Co., Ltd. Nano calcium
carbonate (CaCOs3) was industrial grade supplied by Jiangxi huaming nano calcium carbonate co., LTD.
Mg(NOs3)2-6H20, AI(NO3)3-9H20, La(NOs)3-6H20, NaOH, dioctyl phthalate (DOP), epoxidized soya
bean oil (ESO), octadecanoic acid calcium salt (Ca(st)2) and octadecanoic acid zinc salt (Zn(st)2) were
purchased from Shanghai Macklin Biochemical Co., Ltd,. All the regents were analytical grade and used
as received without any further purification.

2.2. Preparation of LaLDHs

The LaLDHs used in this work were synthesized using a coprecipitation-hydrothermal method.
Generally, a 50 mL ultrapure water containing 0.03 mol Mg(NOs)2-6H-0 and 0.01 mol M** metal salts
(AI(NO3)3-9H20 and La(NO3)3-6H20) were added drop-wise to another 100 mL ultrapure water at a
molar M?":M3*ratio of 3. In addition, the La**/AI** molar ratio was adjusted to 1:2, 1:3, 1:4, 1:5 for
comparison. In the meantime, the pH of the system was strictly controlled at 10 using 0.1 M NaOH
solution at 80°C with vigorous stirring under nitrogen. The resulting mixture was transferred to a Teflon-
lined autoclave that was sealed in a stainless steel shell after 4h. The vessel was hydrothermally treated
at 150°C for 10h. And then the obtained samples were washed with deionized water until pH=7. Later
the samples were washed with ethanol 1-2 times. Finally, all the as-prepared samples (namely,
LaLDHs1, LaLDHs2, Lal DHs3 and LaLDHs4) were dried at 80 °C overnight.
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2.3. Preparation of PVC-LaLDHs nanocomposites

PVC-LaLDHs nanocomposites were prepared by melting and blending PVC powder with DOP,
ESO, CaCOs, Ca(st)2, Zn(st)2, and a certain amount of as-prepared LaLDHs using a ThermoHaake
Torque Rheometer with a rotor speed of 45 rpm at 170°C for 10 min. Subsequently, the specimens were
thermo-compressed at 175°C to form the samples of suitable size for tests. The basic formula was
designed as follow: PVC 100g, DOP 5g, ESO 5g, CaCOs 10g, Ca(st). and Zn(st). 1g, and the as-
synthesized LaLDHs 2g.

2.4. Characterization

The crystalline structure of samples was characterized by powder X-ray diffraction using a XRD-
6000 diffractometer (Shimadzu, Japan) with Cu Ka radiation (A = 1.542 A) at a scanning rate of 20 = 2°
/ min. FT-IR spectra were recorded on a Bruker Vector 22 FT-IR spectrometer in the range of 400 - 4000
cm using solid KBr pellet. Scanning Electron Microscopy (SEM, FEI-SEM, Japan) was employed to
observe the microstructure of as-obtained LaLDHs as well as their dispersion in the PVVC matrix with an
accelerating voltage of 15 kV. The morphology of samples was investigated by Transmission Electron
Microscopy (TEM, JEM-1200EX, Japan) at 200 kV. The samples were dispersed in ethanol by an
ultrasonic treatment and then dropped onto copper TEM grip. The thermal stability of all P\VC / LaLDHs
nanocomposites was carried out and analyzed via a thermogravimetric analyzer (209F1, NETZSCH,
Germany) at a heating rate of 20°C / min (from 30 to 700°C) under flowing N2. The static thermal aging
test was performed as follow: the resulting nanocomposites were molded to a film with 1mm thickness,
and cut into 2 cm x 2 cm x 1 mm strips. These strips were placed in a thermal aging test box at 195 + 1
°C and subjected to static thermal aging, which is according to the ISO 305-1990 standard. The strips
were taken out of the box every 10 min and recorded by digital photo. The Congo red test was analyzed
according to I1ISO 182 / 1-1990 (E) standard. The target specimens were put into a tube with Congo red
test paper located at 2 cm above the samples. The tube was heated with an oil bath at 180 + 1°C. The
time when Congo red test paper began to turn blue was defined as static stability time for evaluating
static thermal stability of the PVC / LaLDHs nanocomposites. The smoke density (SDR) of all
nanocomposites was performed on a JCY-2 instrument (Nanjing Jiangning Analysis Instrument CO.,
LTD., China) according to ASTM D2843-1993 standard. The mechanical properties of the PVC-
LaL.DHs nanocomposites were measured following ASTM 638-03 in a universal testing machine (MTS
SYSTEMS Co., Ltd, China) with a cross-head rate of 5.0 mm/min at room temperature, and all samples
were averaged in quintuplicate.

3. Results and discussions
3.1. Synthesis and Characterization of LaLDHSs

The XRD patterns showed in Figure la feature reflections characteristic of Mg-Al LDHs and
LaLDHs. The characteristic absorption peaks at 20 values of 11.2°, 22.4° 34.2° 60.1° and 61.4°
correspond to the reflections of (003), (006), (012), (110) and (113) respectively, indicating that the as-
prepared Mg-Al LDHs and LaLDHs share a hydrotalcite structure [25, 26]. However, the diffraction
peaks at 15.5°, 27.3° 28.1° 29.5° 39.4° 48.6° and 56.4° of the LaLDHs are attributed to the
characteristic peaks of La(OH)s, implying that LaLDHs with different La®* / AI** molar ratio are
successfully synthesized and result in different crystalline structures with Mg-Al LDHs.
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Figure 1. XRD patterns (a) and FTIR spertra (a) of Mg-Al LDHs and
LaLDHs with different La®*/ AI** molar ratios. (a) pure Mg-Al LDHs;
(b) LaLDHSs1; (c) LaLDHs2; (d) LaLDHSs3; (e) LaLDHs4

Figure 1b presents the FTIR spectra of Mg-Al LDHs and LaLDHs. The broad absorption peak around
3350 cm*to 3630 cm™ is attributed to the —OH stretching modes of the hydroxide layer. The reason for
this is that the interlaminar H,O and —OH in hydrotalcite structure react through the association of H-
bond. The interlayer H,O bending vibration is located at ~1630 cm™* because of H-bond interactions and
metal ion coordination. The characteristic peak of CO3? appears at ~1370 cm™, as compared with COs*
of CaCO3 (1470 cm™) suggesting that there is an intercalation between CO3z? and interlaminar H20
through H-bond. The absorption peak in the low wavenumber region at 400 ~ 750 cm™ is assigned to
LDH lattice vibrations (Metal-O) [26]. The intensity of Metal-O peaks of LaLDHs (curves of b, c, d, e
in Figure 1b) is weaker than that of Mg-Al LDHs (Figure 1b a), indicating that the lattice structure of
Mg-Al LDHs is partially replaced by La®**. Combined with the results of XRD, it can commonly be
believed that La®** has been introduced into the lattice of hydrotalcite.

The morphology and the corresponding particle size of LaLDHs with different La®" / AI** molar
ratios are observed by SEM and TEM. As shown in Figure 2, LaLDHs1, LaLDHs2, LaLDHs3 and
LaLDHs4 present uniform, plate-like, well-crystallized nanoparticles with a lateral size around 100-180
nm. Meanwhile, the rod-like La(OH)s appears on the surface of nanoparticles as the La®* / A" molar
ratio increases. It can be seen that the nano-rods La(OH)s and nanoparticles LaLDHs2 exhibit better
dispersion and sheet size than others when the La®*/ AI** molar ratio is 1/ 3. Ideal dispersion and sheet
size will support a good foundation for follow-up performance of the PVC/LaLDHs nanocomposites

Figure 2. SEM and TEM
images of LaLDHs. (a, b)
LaLDHs1; (c, d) LaLDHs2
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Figure 2. SEM and TEM
images of LaLDHs. (g, f)
LaLDHSs3; (g, h) LaLDHs4

3.2. Thermal stability performance of PVC-LalL DHs nanocomposites

As we known, different morphologies and sheet sizes of LDHSs could significantly affect the thermal
stability, smoke-suppression, and mechanical properties of P\VC nanocomposites [29, 30]. Based on this
contribution, the thermal degradation behavior of P\VC-LaLDHs nanocomposites was investigated using
TGA, as shown in Figure 3 and Table 1. It can be seen that the shape of the TGA curves for the PVC
nanocomposites are different to that of the pure PVVC. Obviously, the initial decomposition temperature
of PVC-LaL.DHs nanocomposites is lower than that of the pure PVC due to the weight loss of LDHs at
low temperature [14, 31]. However, all of PVC-LaLDHs nanocomposites and PVC Subsequently suffer
two major loss stages. The stage in the temperature range of 240 - 375°C is assigned to the
dehydrochlorination of PVVC and volatilisation of the plasticiser. The next stage at above 415°C is from
pyrolysis reactions that ultimately lead to char residue. From the Figure 3 and Table 1, it can be found
that all the Tso% Of nanocomposites increased obviously after loading of LaLDHs. The Tsoy values
increase from 317.1 °C for pure PVC to 324.7°C, 334.3°C, 337.2°C, 330.5 and 330.3°C for PVC-LDHs,
PVC-LaLDHsl, PVC-LaLDHs2, PVC-LaLDHs3 and PVC-LaLDHs4, respectively. However,
compared to pure PVC, the T1o% of the PVC nanocomposites decreased. This is principally because of
lower the decomposition temperature of LaLDHs promoting catalysis effect of LaLDHs as a weak
alkaline for the degradation of PVVC to a small extent. As seen in the Figure 3b, all of LaLDHs composites
exhibit much better than LDHs composite in terms of their thermal stability for PVC. The Tsoy value
increases by 20.1°C for PVC-LaLDHs2 compared to pure PVC while it only increases by 7.6°C for PVC-
LDHs. Additionally, it is worth noting that the Tso value of the PVC-LaLDHs nanocomposites varies
with the change of La®>*/ AI** molar ratio, and displayed the highest Tsos value (337.2°C) when the La®*
/ AP* molar ratio was indicating that LaLDHs2 tend to improve the thermal stability of PVC more
effective.
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Figure 3. TGA analysis of (a) PVC and its composites; (b) a graph
of T1o0%, Ts0% vS. PVC and its composites
Table 1. TGA analysis results of PVC and its composites
Sample “Tis ! °C “Tapw /°C “ATsge [ °C
Pure PVC 2853 3171 NA
PVC-LDH 2574 3247 16
PVC-Lal DHs1 2633 3343 172
PVC-Lal DHz2 2653 3372 20.1
PVC-Lal DHz3 2633 330.5 13.4
PVC-Lal DHzsd 2623 330.3 132

T =

= temperature at 10% weight loss; “Tags: =

= temperature at 30% weight loss; “AT = difference between pure

PVC and itz nanocomposites.

The effect of LDHs and LaLDHs as heat stabilizer on the thermal stability of PVC is illustrated in
Figure 4 by static thermal aging test and the Congo red test data of P\VC, PVC-LDH and PVC-LaLDHs
nanocomposites (Figure 5), respectively. From Figure 4, it can be seen that pure PVC without any
stabilizer begins to color even during melt process and becomes completely black after 70 min. The
result of Congo red test is also provided that the thermal stability time (TST) of pure PVC is only 1242
seconds (as shown in Figure 5). It is well known that the PVC, under the influence of temperature and
radiation, suffers from the autocatalytic dehydrochlorination reaction and HCI catalytic reaction [10].
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As as-prepared LDHs serves as heat stabilizer for PVC-LDHSs, the thermal stability of PVC-LDHs is
significantly enhanced with resisting initial coloring. The color turns light yellow appearing at 30 min,
and then brown all after 60 min. The main reason is attributed to the addition of as-prepared LDHs that
can react with HCI during thermal dehydrochlorination of PVC, and further inhibit the autocatalytic
degradation of PVC [11]. However, the TST of Congo red test is increased slightly (1378 s, shown in
Figure 5), indicating that the CI- produced during thermal degradation of PVC have no enough time to
replace the CO3® in the interlayer of LDHs.

The thermal stability results of PVC-LaLDHs with different La®" / AI** molar ratios are also
described in Figure 4 and Figure 5, respectively. Compared to PVC-LDHs, the effect of LaLDHs for
PVC on the long-term thermal stability is more outstanding. Furthermore, the thermal stability of PVC-
LaL.DHs composites has a great relationship with the variational La**/ AI** molar ratio. When the La*
/ AI¥* molar ratio is 1 / 2, the color of PVC-LaLDHs1 composites turns light yellow extending to 80
min, revealing that the thermal stability of PVC-LaLDHs1 is improved significantly. As the La®*/ AI¥*
molar ratio comes to 1/ 3, the discoloration time of PVC-LaLDHs2 is prolonged to 90 min, illustrating
that the PVC-LaLDHs2 possess better thermal stability than that of P\VC-LaLDHs1. However, further
increment of La*/ AI** molar ratio (higher than 1/ 3) cannot enhance the thermal stability while weaken
it instead (such as PVC-LalL.DHs3 and PVC-LalLDHs4), indicating that the optimum La%"/ AIP* molar
ratio is 1 / 3. The results also are in accordance with that in Congo red test. Therefore, it suggests that
the optimum molar ratio of La®*/ AI¥*is 1/ 3.

As seen in Figure 5, therefore, the PVC-LaLDHs2 exhibits highest TST values of 2752s, and is over
2-times higher than that of pure PVC and nearly 2-fold higher than that of PVC-LDHs, respectively. It
is attributed to the strong complexing property and synergistic effect of La element which have long
atom radius and more coordination numbers [9]. Relevantly, the La ions (La®*" %) can react with the
labile CI" to form a stable coordinate complex, that inhibiting further dehydrochlorination of PVC [10,
22, 32]. Meanwhile, La ions with special electron orbital endow more coordination number, which
makes La ions have stronger and more stable bonding with Cl ions. According to the unique synergistic
effect of La ions on thermal stability of composites, it is indicated that the optimum molar ratio of La>*
/ AIF*is 1/ 3 and the as-prepared sample LaLDHs2 with this molar ratio of La®* / AI** has the best
morphology and the corresponding structure as demonstrated in Figure 2.

3.3. Smoke density test of PVC-LaLDHs nanocomposites

Necessarily, the smoke density (SDR) is one of the important issues of evaluating the fire hazard of
materials. The SDR data and curves of PVC as well as its nanocomposites are shown in Figure 6. From
Figure 6a, the SDR of all PVC nanocomposites is lower than that of pure PVC, and fluctuates
significantly with types of LDHs and LaLDHs. When the combustion time is less than 50s, the SDR of
PVC nanocomposites decreases with the decreased molar ratio of La®*/ AI**, indicating that sufficient
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amount of La ions has excellent smoke suppression and synergistic effect. However, the SDR of PVC-
LaLDHs1 further increases after burning 50s, which may be caused by the morphology and the
corresponding structure of LaLDHSs1. In Figure 6b, the SDR of PVC nanocomposites decreases firstly
and then increases with an increase of La®*" / AI** molar ratio. The maximum SDR of PVC-LDHs, PVC-
LaLDHs1, PVC-LaLDHs2, PVC-LaLDHs3, and PVC-LaLDHs4 are 69.1%, 54.7%, 45.6%, 57.7%, and
61.4%, respectively. It is worth noticing that the ASDR value of PVC nanocomposites between PVC-
LaLDHs2 and pure PVC reaches at 33.1%. The result is probably brought about by the unique synergistic
effect, which catalyze forming the high-crosslinking PVC pyrolysis products. Thus, it can promote the
formation of char residue and suppress the SDR of PVC-LaLDHs2. It also clearly implies that LaLDHs
behaves a great smoke suppression effect as La catalyzed the char layer when the molar ratio of La®*/
APt is1/3.
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Figure 6. (a) Smoke density data of PVC and its nanocomposites;
(b) a graph of maximum SDR vs. PVC and its nanocomposites

3.4. Mechanical properties of PVC-LaLDHs nanocomposites

The mechanical properties of PVC and its nanocomposites are presented in Figure 7 and Table 2. In
the case of pure PVC, it displays typical ductile fracture with the highest elongation at break (&, 47.6%)
and the smallest tensile strength (o, 30.7 MPa) as well as the lowest elastic modulus (E, 580.7 MPa)
among the nanocomposites. On the contrary, introduction of LDHs to PVC results in a decrease in
elongation to 30.7%, while the o gets the highest value of 57.4 MPa, which is caused by the rigidity of
LDHs as well as the poor compatibility of LDHs with PVC. As for PVC-LaLDHs, addition of LaLDHs
to the PVC matrix effectively improves the o and E of the nanocomposites compared to that of pure
PVC, meanwhile, do not have an obvious impact on the decrease of . Consequently, the most favorable
performance may be observed in case of application of LaLDHs in the PVC. PVC-LaL.DHs1 shows a
similar o and E to PVC-LDHs. However, the & of PVC-LaLDHs1 is much higher than that of PVC-
LDHs, possibly due to the effect of LaLDHSs1 on the crystallinity of PVC combining with the catalysis
of La atom. Noticeably, with increasing La®*/ AI** molar ratio to 1/ 3, the ¢ of PVC-LalL.DHs2 increases
to 40.7 %, which is ~ 1.3-fold higher than that of PVC-LDHs. Meanwhile, the o (56.6 MPa) and E
(1017.4 MPa) almost keep the same as PVC-LDHSs. Subsequently, the mechanical properties of PVC
nanocomposites decrease gradually with further increasing La®* / AI** molar ratio, which results forming
increased agglomeration of LalLDHs and decreased compatibility between PVC and LalLDHs.
Consequently, PVC-LaLDHs2 shows the optimum comprehensive mechanical properties, and
considered to be the optimum nanocomposite with optimal thermal stability and smoke-suppression
effect.
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Table 2. Mechanical properties of PVC and its composites

o
-
(=]

Fun s (MPa) E (\Pa) £ (%)
Pure PVC 307 =146 5807216 476243
PVC-LDH 574=415 035.8 = 50.3 307235

PV(C-Lal DHsl 514+313 825.6=447 416=48

PV(C-Lal DHs2 S6.6=148 1019.4= 278 407+34

PVC-LalDHs3 502 =184 9953 =352 425+32

FVC-Lal DHs4 493372 7335677 301252

“a, £, and srefer to tensile strength, elastic modulus, and elongation at break, respectively.
aat, E, and erefer to tensile strength, elastic modulus, and elongation at break, respectively.

3.5. Morphological studies of PVC-LaLDHs nanocomposites

As we know the structure of composites determines their properties, especially such as homogeneity
of dispersion of filler particles in the polymer matrix, and bonding strength on the interface between the
filler particles and matrix. Figure 8 shows the SEM images for the tensile fractured surfaces of pure
PVC, PVC-LDHs, PVC-LaLDHs2, and PVC-LaLDHs4. Pure PVC exhibits frizzy and rough surface
with evident plastic deformation. For the PVC-LDHs nanocomposite, it shows different behaviors and
deformation steps during tensile process (Figure 8a). Because the LDHSs particles can be seen as stress
concentrated sites for the high stiffness, the followed concentrated stress can promote LDHSs particles to
undergo the tensile stress. However, the interfacial debonding of the LDHSs particles from the PVC
matrix easily displays with many voids due to the poor compatibility and interfacial adhesion. In
addition, LDHs particles abundantly agglomerate in the PVC matrix (orange circle and arrow in Figure
8b), indicating poor dispersion of LDHs. As a result, the tensile strength and elastic modulus are
increased while elongation at break is lost. As the PVC-LaLDHs2, less voids and some twist as well as
almost homogeneous surface are found (Figure 8c), suggesting that the LaLDHs2 particles have better
dispersion and interfacial adhesion with PVC than others. Thus, the P\VC-LaLDHs2 exhibits satisfying
strength and toughness. It is supposed that appropriate amount of La ions in composites can catalyze and
generate complex with PVC [22, 29, 32], which increase tensile strength and elastic modulus with little
affecting elongation at break of PVC. As La®*" / AI** molar ratio increases to 1 /5, PVC-LaLDHs4 still
shows obvious ductile fractured characteristics but agglomeration within the PVC matrix, implying that
the dispersion between LaLDHs4 particles and PVC is poorer than that of LaLDHs2 in PVC. However,
thanks to the effect of La ions, the PVC-LaLDHs4 composites maintain a comforting elongation at break.
Consequently, the homogeneous dispersion between LalLLDHs particles and PVC together with optimum
La®*/ AI** molar ratio ensure to obtain PVC nanocomposites with optimal comprehensive properties.
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4. Conclusions

In this study, we have successfully synthesized novel La doping Mg-Al layered double hydroxides
(LaLDHs) with varying molar ratio of La®*" / AI** via coprecipitation-hydrothermal method. The as-
prepared plate-like LaLDHs have well- crystallized structure with a lateral size around 100-180 nm, and
exhibit different morphologies for different molar ratio of La3* / AI**. It was further verified that as-
prepared LaLDHs can be used for improving thermal stability, smoke suppression and mechanical
properties of PVC composites. Especially, introduction of the LaLDHs2 with La®*/ AI** molar ratio of
1/3to PVC has optimum comprehensive properties (including thermal stability, smoke suppression and
mechanical properties) compared to other PVC nanocomposites. Adding 2 wt% LaLDHs2 can
significantly increase the Tsos% 0f nanocomposites by 20.1°C and prolong the thermal aging time (90
min) and TST (2752s), as well as reduce the SDR value of PVC by 33.1%, while the pure PVC leads
extremely poor thermal stability (the Tsow, thermal aging time and TST are 317.1°C, less than 10 min
and 1242s respectively) and great SDR value of 78.7%. Moreover, as compared with the pure PVC,
PVC-LaLDHs respectively increase the tensile strength and elastic modulus by 84.4% (56.6 MPa) and
75.5% (1019.4 MPa) with little affecting elongation at break of PVC, due to the homogeneous dispersion
between Lal.DHs particles and PVC together with optimum La%*/ AI** molar ratio. Thus, the as-prepared
LaLDHs, especially LaLDHs2, is a new-generation high-efficiency heat stabilizer combining excellent
smoke suppression and mechanical reinforcement. More importantly, it would be advantageous to
conduct further research on the optimization of rare-earth doped LDHs.
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