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Abstract Branched polyester amide containing various amount of mix rare earth
oxides (RE,0O;) were synthesized by in-situ solution condensation of AB, monomer
synthesized based on the reaction between maleic anhydride and diethanolamine
(DEA). The effect of AB, monomer self-polycondensation on the RE,O3 surface
and the properties of synthesized composites were investigated by using Fourier-
transform infrared spectra (FT-IR), ultraviolet—visible absorption spectra (UV—vis),
X-ray photoelectron spectroscopy, scanning electron microscopy, thermogravi-
metric analysis and viscosity determination. AB, monomer can envelop RE,O3
particles as an organic matrix (HBPEA') by self-polycondensation under the pro-
posed condition. Ionization of surface of RE,O; aggregates can result in the rare
earth ionic (RE*") and the resulting RE*" might coordinate with the organic matrix.
Thermal stability of branched polyesteramide can be significantly improved in
presence of 5 wt% RE,Os, possibly due to the coordination reaction between RE,O3
and the active group of the organic matrix.
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Introduction

With unique properties that can solve the problems related to processability,
property compromises, and compatibility in blends system, hyperbranched polymer
(HBP) has a high potential as additives and modifiers in engineering materials [1].
As a small embranchment of HBP, hyperbranched polyesteramide (HBPEA) can be
facilely synthesized by introducing commercial monomer and has been excitingly
explored in recent years [2-5]. Fortunately, some polymer-system researchful
application examples to HBPEA have proven to be successful, such as, incorpo-
ration of 3% stearate-modified Hybrane (DSM New Business Development) can
markedly enhance the dyeability of polypropylene with C. I. Disperse Blue 56 [6].
A certain HBPEA can afford an advantage in processability, thermal and
mechanical properties of polylactide without meeting an embarrassment of property
improvement with drastic loss of the general performance [7]. Promisingly, HBPEA
may be a kind of novel biodegradable additive, for easy hydrolytic and enzymatic
degradation resulted from containing many branching ester bonds [8, 9]. In
particular, HBPEA containing the double bond structure can provide some more
specificity to be used as a potential UV-response functional additive [10] or UV-
curable powder coating [11]. However, from an application point of view, it is
unreasonable for expensive HBPEA to be used as additive in general industrial
fields, such as plastic and rubber processing.

Compounding inorganic material to HBP seems to be an effective and versatile
method to overcome such a high-cost bottleneck, which may offer various
possibilities including: (1) tailoring the chemical and physical properties; (2)
functionalizing resultant composite [12, 13]; (3) cutting cost. In reality, HBP-
inorganic composites have already attracting more and more considerable interest in
polymer field, and there are many inorganic materials reported involving HBP-
based composites recently, such as Ag [14], Si [15], SiO, [16, 17], PbS [18], TiO,
[19], alumina ceramic [20], carbon black [21], carbon nanofiber [22], montmoril-
lonite [23], attapulgite [24], etc. Whereas, hitherto, to our best knowledge there is no
any attention to pay to a certain valuable low-cost rare earth materials, i.e., mix rare
earth oxides (RE,Os3, RE = La, Ce, Pr, Nd, etc.), which can be easily extracted from
raw mineral. HBP-based RE,O; composites may be a kind of novel rare composites
with the lower cost and multifunction to break the apply dream [25] of HBP due to
integrating RE,O5; magic properties to HBP unique properties. There are lots of
examples for RE,O; to be pleasantly surprised application, for instance, as multi-
functional nanoparticle material [26], excellent dopant for oxide ion conductor [27],
laser clad coatings [28], active monolith catalysts for methane oxidation [29], and so
on. Moreover, in some case, substituting for pure rare oxide, RE,O3 application can
unexpectedly achieve a better capability/price ratio [30].

In this work, a feasible and relative simple process was developed by
compounding HBPEA and RE,Oj;. The resulting HBPEA/RE,O3 composites were
characterized by Fourier-transform infrared spectra (FT-IR), TGA, X-ray photo-
electron spectroscopy (XPS), scanning electron microscopy (SEM), UV-vis spectra
and viscosity determination. Meanwhile, the possible interaction between RE,O;
and HBPEA in the composites were discussed.

@ Springer



Polym. Bull. (2009) 62:209-223 211

Experimental section
Materials and monomers

RE;O; (La,03 84.90, Ce,03 3.28, Pr,O5 0.19, Nd,05 0.24, others 11.39%) with an
average diameter of 700-800 nm was provided by Weilinna Co. Ltd., Guandong,
China. Diethanolamine (DEA), maleic anhydride (MA), p-toluence sulfonic acid
(TSA), N,N-dimethylacetamide (DMAC) and potassium hydroxide (KOH) were
purchased from the National Chemical Co. Ltd. All reagents were of analytical
reagent grade except for RE,O; which was of commercial product.

Synthesis procedure

Scheme 1 presents preparation procedure for AB, monomer (Reaction a), HBPEA
(Reaction b) and HBPEA/RE,O5 (Reaction d). AB, monomer synthesis: in a typical
run, 0.1 mol (9.8060 g) MA was dissolved with 30.0 g DMAC in a flask at room
temperature. Then 0.1 mol (10.5140 g) crystal DEA heated to be liquid state, was
rapidly added into the MA solution. The resultant mixture was stirred with a
magnetic stirrer at room temperature to react 2 h, thus AB, monomer solution of
DMAC was obtained. For structure characterization, the AB, specimen film was
obtained to be used through casting and evaporating AB, solution below 60 °C.
HBPEA/RE,O; composites were synthesized via AB, monomer self-polycon-
densation of “one-step process” on the surface of RE,Oj in the presence of TSA as a
catalyst. The polycondensation of AB, monomer was carried out in a 100 mL three-
necked round-bottomed flask equipped with a magnetic stirrer, an circulating bath
and a temperature control device, one of whose neck mouth was installed a reflux
distillation equipment with water condenser and ventilated a vacuum pump. In a
typical run, 48.7683 g the obtained AB, monomer solution, 0.0985 g TSA, and
calculated amounts of RE,O5 according to designed formulae were introduced into
the reactor. The system temperature was then maintained at 120 °C, and the vacuum
pump was turned on to gained a desired systemic vacuum degree (0.070-
0.096 Mpa), under which the H,O side product would be gradually and continuously
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Scheme 1 Preparation procedure for AB, monomer, HBPEA/RE,O; and HBPEA
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distilled out, so as to conduct the reduced-pressure-distillation polymerization. After
6 h, the reactor was vented and the residual DMAC was subsequently evaporated.
Thus a series of ivory-white HBPEA/RE,O5; composites were obtained. Partial crude
products were dissolved in 30.0 g DMAC, and later filtrated. Resulting sediments
were repetitively extracted and rinsed with deionized water, then dried and preserved
as RE,O5' specimens. And the filtrates were multiplely precipitated in long time by
adding mixed solvents of ethylether-acetone (vol. ratio is 1:1). Resulting precipitates
were dried in a vacuum oven at 60 °C for 48 h and airtightly preserved as HBPEA’
specimens. For comparison, HBPEA was prepared according to Reaction b whose
condition was the same as Reaction d except for there was no RE,O3 presence, and
purified by precipitation. In addition, RE,O5; was mechanically blended with HBPEA
at 120 °C in 30.0 g DMAC solvent for 6 h, and then the DMAC was decompress-
ingly evaporated to gained the simple blends (HBPEA + RE,O3).

Characterization

FT-IR spectra were recorded on a NICOLET5700 spectrometer, an Origin Peak
Fitting Module 7.0 program was used in 3,700-3,100 cm~ ! and 1,800-1,525 cm™!
regions, the initial parameters were obtained from the second derivative spectra,
then the interactive procedure and Gaussian type curves were chosen to correct
these parameters and compute particular peaks (all correct coefficient > 0.999).
SEM micrographs were made on KYKY1000B system for samples coating with
gold through sputtering, threshold binarization of the resultant images were gained
from a Photoshop7.0 program, and the particle sizes were analyzed with an Image J
program. XPS spectra were recorded on a PHI Quantum 2000 Scanning ESCA
Microprobe system with the Al K, X-ray source (hv = 1 486.6 eV) operating at
5 x 107® Pa of vacuum degree or less. The binding energies of the photoelectrons
were correlated by the aliphatic hydrocarbon C(1 s) peak at 284.8 eV. Thermal
analyses were carried out on a METTLER TGA/SDTA/DSC851 thermal analysis
instrument at a heating rate of 10 K/min under nitrogen atmosphere. UV-vis
absorption spectra were performed on a VARIAN CARY 50BIO spectrometer with
the specimens’ ethanol solution of 1 x 107* mol/L, all of which were filtrated by
employing refined filter cardboard (single membrane, thickness: 3.7 £ 0.2 mm,
max aperture <0.8 pm). Transmittances of 0.5 g/dL aqueous solution of HBPEA/
RE,O3 composites and HBPEA + RE,Oj; blends were conducted using 751-GW
UV-vis spectrophotometer at 480 nm wavelength by taking HBPEA aqueous
solution as blank specimen. The intrinsic viscosities of HBPEA and HBPEA' were
determined in 0.5 g/dL aqueous solution with an Ubbelhode capillary viscometer at
25.0 °C. The number average molecular weight (Mn) of HBPEA and HBPEA’ were
detected according to the literature [31].

Results and discussion

In general, it has been recognized as a more feasible way to synthesize HBP by
polycondensation of ABx type monomers. However, most ABx type monomers are
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unavailable commercially. Reaction of commercially available AA’ and B'Bx type
monomers can result in the formation of dimers that can be regarded as a new sort of
ABx monomer, which seems to be a promising strategy for HBP preparation [32].
In the fist step, AB, type monomer can be rapidly (2 h) prepared at room
temperature (28 £ 2 °C) using MA and DEA. Figure 1 shows representative IR peak
separation for AB, monomer (possible assignment listed in Table 1), according with
characteristic IR absorption feature of dominant amide intermediate product, which
contains theoretical structure with one carboxyl and two hydroxyl groups [33]. This
method benefits from the fact that the amino group (B’) is more reactive than the
hydroxyl (B) toward the carboxylic anhydride, and the reaction of aliphatic second
amine and aliphatic anhydride yields an amide acid with multihydroxyl [2, 34, 35].
In the second step, the multihydroxyl amide acid conducted further self-
polycondensation as a new AB, monomer to yield HBPEA under the proposed
condition, which can be identified from the differential IR absorption performance
of the intermediate and resultant products. Figure 2 a and b which provides
evidence for the chemical structure of the resultant polymers, reveals the
representative spectrum of HBPEA which possesses strong absorption bands at
1,729, 1,636, 1,292, 1,170, 1,130 and 1,049 cm ™! for tertiary amide-ester group and
in 3,250-3,600 cm ™' range for hydroxyl group, this indicates that it is an amide-
ester compound with multi-hydroxyl groups [10]. Whereas, all the characteristic
absorption bands mentioned above are not observed in the AB, monomer spectrum.
In the presence of RE,Os, the AB, monomer can also successfully conduct self-
polycondensation on the RE,O; surface to form an organic HBPEA layer. From
Fig. 2, we can find that HBPEA/RE,Oj3; (5 wt%) and HBPEA share all the peaks in
IR spectra. There are two types of carbonyl absorption peaks, i.e., the amido-
carbonyl band at 1,639 cm™" and carboxylic ester carbonyl band at 1,729 cm ™', in
both HBPEA/RE,O5; and HBPEA. The absorption at 1,729, 1,170 and 1,049 cm™!
implies the formation of R—-O-C(=0)-R’ ester bonds [36]. Absorption band at
around 1,636 cm™' confirms the presence of R-C(=0)-N(R’), amide groups [37].
In addition, a shoulder in the region of 3,250-3,600 cm™! attributes to the
hydrogen-bonded hydroxyl groups and free hydroxyl groups [38].
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Fig. 1 FT-IR peak separation of AB, in 3,700-3,100 cm™' (a) and 1,800-1,525 cm™" (b) regions
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Table 1 FT-IR assignments for characteristic bands of AB,, HBPEA and HBPEA/RE,0;

Samples Band assignment Wavenumber Curve fitting calculations
(em™")
AB;
Peak 1  Free O-H hydroxy group 3,526 g C:O/Ag, c=0, c=c = 0.1218;
Peak 2 H-bonded O-H hydroxy group 3,409 A, on/A, o = 2.02;
Peak 3  Free O-H carboxylic group 3,313 ﬁw' 07}1//:‘ oA f (()) gggf’
th O-H/41t O-H — VY- s

Peak 4 H-bonded O-H carboxylic group 3,246 Af o.n/Aw, c-o, c=c = 0.5368
Peak 5  Free C=0 carboxylic group 1,720
Peak 6 H-bonded C=0 carboxylic group 1,712
Peak 7  Free C=0 amide group 1,646
Peak 8 Disordered H-bonded C=0 amide group 1,625
Peak 9  Ordered H-bonded C=0O amide group 1,620
Peak 10 C=C group 1,560
HBPEA
Peak 11 Free O-H hydroxy group 3,570 Af c=0/Ara, c=0, c=c = 0.5142;
Peak 12 H-bonded O-H hydroxy group 3,433 A, o-nlAte, on =291

. At 0-nlAw, c=0, c=c = 0.5994
Peak 13 H-bonded O-H carboxylic group 3,271 T
Peak 14 C=O0 ester group 1,728
Peak 15 Free C=0 amide group 1,638
Peak 16 C=C group and H-bonded C=0O amide group 1,617
HBPEA/RE,O;
Peak 17 Free O-H hydroxy group 3,570 Ae c=0/Aw, c=0, c=c = 0.4425;
Peak 18 H-bonded O-H hydroxy group 3,427 A, 0-0/Ae, o-n = 4.66;

. A o_n/Aw, c=o. c=c = 0.5544
Peak 19 H-bonded O-H carboxylic group 3,259 ’ ’
Peak 20 C=O ester group 1,728
Peak 21 Free C=0O amide group 1,637

Peak 22 C=C group and H-bonded C=0O amide group 1,599

# A¢ c—o is the peak area attributed to C=0 carboxylic groups

b A c=0, c=c is the addition area of peaks attributed to C=C groups and C=0 amide groups
€ A, o_n is the total peak area attributed to O-H hydroxy groups

d Ay, o-n is the total peak area attributed to O-H carboxylic groups

¢ A o-n = A, oo+ Am, 0-H

' Ac c_o is the peak area attributed to C=O ester groups

Figure 3 shows the fitted peaks of IR spectra for HBPEA and HBPEA/RE,0O3, all
the above mentioned absorptions can be identified (showed in Table 1). Comparing
with AB, monomer, their IR spectra are more intricate owing to the complicated
repeat units and branched architectures (see Figs. 1, 3). Based on the spectrum
analysis, we can deduce the following results: (1) the overlap between the
absorption band of C=C bond at 1,560 cm ™" (peak 10) and H-bonded C=0 amide
group (see peak 16 and 22 in Fig. 3) indicates that the inductive effect is bigger than
the conjugative effect in both —C(=0)-C=C—C(=0)- chain structure of HBPEA and
HBPEA/RE,O; resulting in the stronger C=C bond strength constant; (2) compared
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peak 22 of HBPEA/RE,O; with peak 16 of HBPEA, a 10 cm ™' shift is attributed to
the coordinate effect between HBPEA' and the rare earth ionic (RE*") which might
derive from ionization of RE,O3 aggregate surface, and the coordinate effect results
in reducing the C=C bond force constant. This maybe imply that it exists the
chemical bond interaction between the inorganic RE,O5’ and organic HBPEA' in
HBPEA/RE,O; composite. In order to prove this deduction, it can be made by
extracting the pure RE,O; particles from HBPEA/RE,Oj; via iterative dissolution/
filtration process, the result shows that the pure RE,Oj3 particles cannot be obtained.
Figure 2¢ and d shows the IR spectra of RE,O3" and raw RE,Os. The absorption
bands at 1,728, 1,633, 1,302, 1,176, 1,048 cm ™! attributed to the organic HBPEA'
layer on the surface of RE,O5 disappear in the IR spectra of raw RE,O3, this
indicates that it really exists the chemical bond interaction in a certain extend
between the inorganic RE,O5’ and organic HBPEA’ in HBPEA/RE,O5 system.

To understand further phase structure between RE,0;' and HBPEA’, surface
morphologies of HBPEA/RE,O3 composites were investigated by SEM. Figure 4
shows the resulting images and the results of particle size analysis, it can be find that
RE,O; can dispersed in the organic successive matrix (HBPEA', see from image b
to image i) while it is unharmonious for HBPEA + RE,O; system (see images j),
denoting that (1) AB, monomer can polycondense on the RE,Oj3 surface under the
proposed condition and envelope RE,Oj; particles in the process of HBPEA/RE,O3
preparation, (2) simply blending will easily risk the more aggregation of RE,Os.
From the inset curve in Fig. 4, we can see that the mean diameter (D.) of RE,O3
particles increases slightly with increasing the amount of RE,Oj; as the RE,O;
content is below 35 wt%. This can attribute to the structure control function of
HBPEA’ with multi-branched structure and multi-functional groups [39].

Fmean diameter of RE203
in HBPE#!REZD:,

i

0 15 30 45 60
RE,O5 content/ wt%

Fig. 4 SEM images of HBPEA (a); HBPEA/RE,Oj; containing 2.5 wt% (b), 5 wt% (c, i), 7.5 wt% (d),
10 wt% (e), 35 wt% (f), 50 wt% (g) and 65 wt% (h) of RE,Os;, respectively; HBPEA + RE,O;
containing 5 wt% (j) of RE;O;. The inset exhibits the mean particle diameters of HBPEA/RE,O;
composites. Those under the initial images are their threshold binarization
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Table 2 The intrinsic viscosity of the HBPEA and HBPEA'

Sample HBPEA HBPEA'1 HBPEA'2 HBPEA’3 HBPEA’4
Intrinsic viscosity, 7/dL g~ 0.0432 0.0486 0.0471 0.0397 0.0349
Mn/g mol™! 2,031 1,897 2,313 2,013 1,907

HBPEA'1-HBPEA'4 were extracted from HBPEA/RE,Oj; containing 2.5, 5, 7.5, 10.0 wt% of RE,O;,
respectively

Fig. 5 UV-vis absorption of 2
HBPEA (a), HBPEA + RE,O3
(b) and HBPEA/RE;O5 (¢) in
EtOH at room temperature at a
concentration of 1 x 10~* mol/
L measured in a 1 cm cuvette.
The inset shows the comparison
of XPS Cls spectra for HBPEA’
and RE,O5'

cls

a\ 280 284 288 292
Binding Energy (eV)

220 275 330
wavelength(nm)

It is well known that the special features of HBP are better solubility and lower
solution viscosity due to the branched and denser molecule structure [40]. The
intrinsic viscosities and number average molecular weight of HBPEA' extracted
from different HBPEA/RE,O; composites were determined to compare with
pristine HBPEA (listed in Table 2). It can be found that the intrinsic viscosities of
all HBPEA are very low and there is no difference between these two categorical
polymers resulting from the polycondensation of AB, monomer with and without
RE,O;.

To further clarify the structure of HBPEA/RE,Oj3, the UV-vis absorption spectra
have been studied as shown in Fig. 5. The high-energy absorption bands at 220-
290 nm are assigned to the m—n* transition within —C(=0)-C=C-C(=0)- chain
structure in “a” curve [41, 42]. This suggests that carbon—carbon double bonds
rooting in MA were not badly destroyed either in the process of AB, monomer
synthesis or its self-polycondensation to be HBPEA in the case without RE,O;
existing. In contrast, it is noted that the absorption ability of the simple blend
(HBPEA + RE,O3) were drastically decreased though its spectrum (b curve)
contains the same absorption range but has less intensity corresponding to that of
HBPEA. This reveals that residual nano-scale RE,O; particles incompletely
eliminated by filtrating, can influence the feature of HBPEA UV-vis absorption
spectrum in a sense [43]. Provided excluding the influence of RE,O3 dispersion
degree since concentration of the samples are awfully small, it may be the physical
adsorption interaction that RE,O3 particles can interfere with the absorption ability
of HBPEA. However, it is another case for HBPEA/RE,O5; composite since there is
no visible absorption that can be seen in the corresponding range (c curve),
indicating a different influencing mechanism to absorption ability. Change of
nearby electronic levels prohibiting charge-transfer transitions [44] may attribute to
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the main reason to the inactive absorption phenomenon for HBPEA/RE,O;
composite, presumably resulting from the coordination between —C(=0)-C=C-
C(=0)- chain structure and RE>" derived from ionization of RE,O; aggregate
surface. That is, both physical and chemical interaction disturb the absorption ability
of HBPEA’ in HBPEA/RE,O5 system.

As deduced above, it exists the coordination interaction between —C(=0)—-C=C-
C(=0)- chain structure and RE**. This can be further proved by XPS, it was
additionally used to determine the surface composition of RE,O3’ extracted from
HBPEA/RE,O; (5 wt%) and evaluate their chemical states. A representative survey
scan spectrum of RE,O5’ can detect elements: oxygen (530.72 eV), carbon (284.80,
288.79 eV), nitrogen (399.59 eV), lanthanum (834.46, 838.50 eV), cerium
(881.53 eV), etc., indicating the thickness of HBPEA' layer firmly combined with
RE,O5' is smaller than the photoelectron escape depth for there should be no signal
of rare earth element provided HBPEA’ layer was thick enough to be pristine
HBPEA matrix. In Fig. 5, XPS Cls inset spectra of RE,O3' (its C 1s was also
regarded as that of interfacial HBPEA’ chemically bonding with RE,O5’) and
pristine HBPEA (its Cls was regarded as that of interior HBPEA’ segregating with
RE,O03’) provide insight as to the nature of the chemical states for carbon atoms of
the different HBPEA' located in HBPEA/RE,O5. The 284.80 eV peak is aliphatic
hydrocarbon Cls peak, some of which result from contamination. For the
comparison between RE,O;’ and HBPEA’, the binding energy of the former is
overall shifted to a slightly lower value in 284.00-286.00 eV range but greater in
287.00-288.00 eV range. The slightly lower binding energy for RE,O5’ relative to
HBPEA’ may be a result of that the increased electron cloud density of carbon in
most of HBPEA’ chain structure, it is due to coordination between —C(=0)-C=C-
C(=0)- chain structure and RE** mentioned above. For the case of higher binding
energy, it might result from that electron cloud density of carbon in (-COO™),RE*"
(n =1, 2, 3,...) becomes low corresponding to -COOH. Shifted binding energy of
other elements on the RE,O3’ surface including oxygen (531.99 — 530.72 eV) and
nitrogen (399.37 — 399.59 eV), indicates that the donor atoms participated in
coordination are complicated.

Moreover, in order to eliminate the doubt of the ionization and coordination of
RE,O5; in HBPEA/RE,O5; composites, UV-vis transmittance testing experiment was
performed as shown Table 3, 480 nm wavelength was selected to exclude the

Table 3 Transmittance of the water solutions(0.5 g/dL) for HBPEA/RE,O; and HBPEA + RE,0;

Sample Transmittance (%)

Amount of RE,O5; (wt%)

2.5 5 75 10
HBPEA/RE,0% 88.8 423 34.1 17.1
HBPEA + RE,0} 41.0 24.8 9.9 9.2

* Composites of HBPEA and RE,0;
® Simple blends of HBPEA and RE,O;
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absorption influence of HBPEA or HBPEA'. In the uniform dispersion suspended
system, the suspended particles may induce the light absorbing (particle diameter
(D) > wavelengh of incidence light (1)), scattering (D < A), reflecting (D > 1),
refracting (D > 1), etc. To eliminate the error of dispersion inducing as fully as
possible, all specimens were uniformly dispersed by ultrasonic agitation before
detecting. The transmittance decreases with increasing the suspended sediment
concentrations, since suspended sediment can induce light-passing obstacle and thus
decrease transmittance [45]. It is very interesting that all HBPEA/RE,O3; composites
samples containing RE,O; in the range of 2.5-10 wt% have higher transmittance
than HBPEA + RE,O; simple blends with the same RE,O;3 content. It can be
explained by the following reasons: (1) better dispersion and smaller average
diameter of RE,O; in HBPEA/RE,O; composites, based on the self-polyconden-
sation of AB, monomer and wrapping effect to RE,O5; (2) more RE,Oj particles in
HBPEA + RE,Oj; simple blends, i.e., the ionization and coordination of RE;Oj3 in
HBPEA/RE,O3 composites actually occurred while it is not exists in the simple
blends of RE,O3; and HBPEA.

Up to optimum, there must be only one —-COOH group on a theoretical HBPEA
molecule while many residual —OH groups surrounding the macromolecular
periphery as a three-dimensional spherical shape [46]. But under the synthesis
condition selected, it is difficult and unrealistic to realize it. Actually, either HBPEA
or HBPEA/RE,O; synthesized in present work possesses handicapped molecule
structure with considerable amount of residual -COOH group, proved by curve
fitting calculations (Table 1). Distinguishing structure and composition may
introduce unique properties. To explore the idea, TGA was employed to
comparatively investigate the thermal stability of HBPEA/RE,O; (HBPEA’:
Mn = 2,031, RE;O3: 5 wt%), HBPEA + RE,O; (HBPEA: Mn = 2,313, RE,Os:
5 wt%) and HBPEA(Mn = 2,313). Figure 6 depicts the TG and DTG (The inset)
curves. It indicates that all of them exhibit multi-stage weight loss with first
exothermic decomposition temperature at 224, 212 and 210 °C, respectively, and
almost all the weight losses took place in the temperature range of 200-500 °C. The
weight loss at below 100, 100-170 and 310410 °C should be attributed to the
release of vapor, residual solvent and water dehydrated, respectively. It can be

Fig. 6 Thermogravimetric 100 F
analysis of HBPEA, HBPEA/
RE203 and HBPEA + RE203. 80 i
The inset shows the o
corresponding DTG curves i
< 60
8 R
240
— — HBPEA
0 ——HBPEARE,0} = ~
— - —HBPEA+RE,O,
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Temperature °C
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found that the composite-method blending a few RE,O; can achieve a relatively
better thermal stability for HBPEA than the simple blending method. Some
mechanism that are responsible for inorganic particles enhancing thermal stability
of virgin polymer have been suggested, such as “barrier properties of composite”
(i.e., “thermal barrier” and “mass transport barrier”, the former protects the
polymer from fire, and the latter makes it difficult for degradation products to leave
the polymer), “radical trapping” and “physical crosslinking” [47, 48]. In the
HBPEA/RE,O; system, the former two mechanisms might be both attributed to the
presence of RE,O; and its enhancement for thermal stability. While in
HBPEA + RE,O;5 system, the latter two mechanisms might the main factors to
the enhancing thermal stability. It is a matter of fact for RE,O; to continually ionize
to be RE®" on suitable condition, especially in temperature elevating case, since a
few —COOH in HBPEA/RE,O; composite, which can easily react to RE,O3. Rare
earth elements have longer atom radius and more coordination numbers, which
normally far exceed 6, and thus they possess strong coordination nature. Therefore,
during HBPEA pyrolysis, RE*" can interact with unsaturated bond as radical
trapper to fix the unstabilized part [49], and also coordinate with the hard-alkali -OH
ions to embarrass the dehydration reaction in a certain extent as hard acid. Another
thing needs to be emphasized here that the derivative main product in pyrolytic
reaction may be a kind of heat-resistant metal-organic compound, according with
the result that 12.6% total weight loss of HBPEA/RE,O3 occurred above 430 °C
and 11.5% for HBPEA + RE,Oj; system, whereas 8.9% for HBPEA.

Conclusions

Branched polyesteramide/mix rare earth oxides were synthesized by in-situ solution
condensation of AB, monomer obtained from the reaction between MA and DEA at
normal temperature. AB, monomer can successfully self-polycondense and form an
organic successive matrix of HBPEA’ with a few chemically firm attachment to
inorganic RE,O3 particle under the proposed condition. The relatively lower
intrinsic viscosity was observed for the organic HBPEA’ as well as for the pristine
HBEA, which might be due to its multi-branched molecule structure. The firmly
bonding between HBPEA' and RE,O; was assigned to RE*" coordinate with
HBPEA’ according to UV-vis and XPS experimental results. In the process of
HBPEA/RE,O; synthesis, ionization of RE,O5; aggregates surface can produce
RE’". In presence of a few RE,O;, thermal stability of HBPEA/RE,O; was
significantly improved, it was mainly attributed to “radical trapping” and “mass
transport barrier”. To aim at fabricating lower-cost and multifunctional composite
material, a feasible and relative simple process was developed for compounding
HBPEA and RE;O3, this may be regarded as an effective route to produce the new
composites.
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