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Effect of Ce** on the morphology, composition, and thermal properties
of single and core-shell polyethylene oxide electrospun fibers
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Cerium polymeric composites have novel applications in fuel cells, optical devices, gas sensors, catalysis, ultraviolet absorbers, hydroger
storage materials, and biomedicines. This study reports the fabrication of low-cost electrospun single and core-shell polyethylene oxide
(PEO) doped with cerium fibers fabricated in two moisture ambients related to the fiber morphology. Scanning electron microscopy and
atomic force microscopy revealed that obtaining the thinnest average fiber diameter requires 47-52% RH and 2% cerium dopant. Using a
PEO capping (shell fiber) allows the increment of cerium in the inner matrix (core-fiber) to produce non-beading continuous fibers with 3.5%
of the dopant. The undoped single or core-shell fibers presented a 52.7 to 54.2% crystallinity, independently of relative humidity used during
the fabrication process. In contrast, the use of cerium dopant up to 2% induces an increase in their crystallinity due to the formation of Ce-O
species, enhancing their thermal properties, regardless of the moisture during manufacturing, as was found with Fourier transform infrared
spectroscopy, differential scanning calorimetry, and thermogravimetric analysis.
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1. Introduction shows stability at both trivalent and tetravalent states. It has
been used in fuel cells, optical devices, gas sensors, catal-

The elect innina techni tabricat |t ysis, ultraviolet absorbers, hydrogen storage materials, pol-
€ electrospinning technique can fabricate several ype|‘§hing materials, and biomedical applications [8]. Williamn
of organic, inorganic, or composite fibers and nanofibers

. X ; al. reported that Ce ions increase the electrical charge and
By controlling the physicochemical parameters of both the b 9

innabl luti dth bient ters during the f evaporation rate during the Electrospinning process in PEO
spinnable sofution and the ambient parameters during e faly,, ;g [9]. Meanwhile, mix-ups of cerium (Ill) nitrate hex-
rication process, it is possible to generate smooth, porou

; : . : ! %ihydrate and poly ethylene glycol inhibit the corrosion of a
hol(!low, m:ft()j’ ribbonlike, t)ganched,hsznglle, Corg'Shil.ltf'bterscathode during an immersion period of at least 30 min [10].
and nanotibers, among other Morpnologies and architecturesy o ise the interaction of Ce dopant exhibits a prolonged

Both fltk_)er d1|améz|tert and_m(_)rphr(])log%/ allow adjusting 'g;elr ntimicrobial activity due to its dual oxidation state. It has
properties [1]. Electrospinning has been proven capable 9bw levels of toxicity in fibroblasts, so its cutaneous use is

proc;_essmg fs_gveratl pfolgmerts ?nd compObS|te SO'”EL‘O?S :ijIausibIe [11]. This work establishes the experimental con-
continuous TIbers 1o fabricate farge membranes. UNA3Gitions to fabricate single and core-shell fibers of PEO doped

ment_al reqwr_ement IS to_focus on polymer selectlo_n and @Nith cerium chloride hexahydrate 1l (Ce) at several concen-
physicochemical properties such as molecular weight, VISt otions in two ambient humidities

cosity, conductivity, and thermal [2]. Besides that, other fac- Their morphology, average diameter, composition, and

tors that can influence fiber morphology and their propertie§herma| properties were analyzed using scanning electron mi-

are the electrospinning parameters such as dlstapce to tr&?oscopy (SEM), atomic force microscopy (AFM), Fourier
collector, voltage, feed rate, etc. [3], and the ambient N ansform infrared spectrosco (FTIR), differential scannin
ditions (humidity, temperature, pressure, etc.) [2]. Specifi- P Py : g

cally, relative humidity (RH%) could affect the morphology, calorimetry (DSC), and thermogravimetric analysis (TGA).
structure, and diameter size distribution of the fibers [4, 5].

Several biopolymers or synthetic polymers could be selecteg  \Materials and Methods

as co-spinning agents during composite fiber fabrication as

a matrix or to reinforce the material where the phase or ele2.1. Materials

ment of interest may intercalate [6]. One of these polymers is

the poly(ethylene oxide), PEO, used to facilitate polymer enPolyethylene oxide (PEO, (-Gi€H,0O-),, My =
tanglement during electrospinning production due to its lin-600,000 g/mol), cerium (lll) nitrate hexahydrate (Ce,
ear structure with flexible and long chains [7]. Cerium, in Ce(NQ)3-6H,0, My, = 434.22), and acetic acid (Ac.Ac.,
turn, is the most abundant lanthanide found on Earth, whiclCH; COOH) were purchased from Sigma-Aldrich. We used
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model: ES60p-20W/DAM), whereas the cathode was at-

TasLE |. Sample nomenclature of fibers manufactured by electro-tached to an aluminum collector ®0 x 10 cm. The values
spinning technique. The out layer of all core-shell samples is PEOof the variables: electrode separatioeh=€ 14 cm), voltage
at 4 %. Letter s or d refers to single and core-shell fiber, Hor L to (/' = 20 — 25 kV DC), core infusion ratew; = 0.03 mL/h),

47-52 and 27-32 %RH, and 0, 0.5, 2, or 35 refer to the concentra-and shell infusion rata}é = 0.06 mL/h) in the b”ayer sam-
tion of the Ce molar ratio used (0, 0.5, 2.0, and 3.5 %).

ples, andy = 0.02—0.8 mL/h in the single fibers were exper-

Type RH RH Molar imentally determined after optimizing the processing param-
of fiber (47-52 %) (27-32 %) ratio etedrst. All the texperimtla_ntst V\(/jetrﬁ car?ed out atdnotrma(ljpress(;ire
, and temperature, replicated three times, and stored in a des-
0,
S?ngle PEOCeHs0 PEOCelLs0 PEO/Ce (0%) iccator for further analysis.
Single  PEOCeHs05  PEOCels05  PEO/Ce (0.5%) Table | summarizes the sample names, relative humid-
Single PEOCeHs2  PEOCels2 PEO/Ce (2%) ity, and the molar ratio used during the fabrication of all-
Single PEOCeHs35 PEOCelLs35 PEO/Ce (3.5%) fiber samples by electrospinning. PEO/Ce indicates the rela-
Core-shell PEOCeHd0  PEOCeLd0  PEO/Ce (0%) tion between p(;lymer and quf‘m' The samprI]eTI were nlamed
Core-shell PEOCeHMd05 PEOCeLd05 PEO/Ce (0.5%) & COCEXYZ, where X is; (single) ord (core-shell) sample
. type, Y corresponds to the percentage of relative humidity
Core-shell  PEOCeHd2 ~ PEOCelLd2  PEO/Ce (2%) se inside the chamber during the fabricatifin< 47 — 52
Core-shell PEOCeHd35 PEOCelLd35 PEO/Ce (3.5%) andL = 27 — 32 %RH), whereas Z is the concentration of

Ce used (0, 0.5, 2.0, or 3.5 %).
deionized water grade miliQ (ddid) with electrical resis-

tivity of 18.2 MQ-cm. All reagents were analytical grade and 2.3. Characterization

used without any purification.

The morphological characteristics of the samples were vi-
sualized with scanning electron microscopy (SEM, JSM-

i i ] 6610LV) in SEI mode and atomic force microscopy (AFM,
Acetic acid at 10 %v/v was used to dissolve 4 % of PEOxg7 de Park Systems) in tapping mode with slow scan-
under vigorous stirring for 2 h at room temperature to preé-ying speed. The average fiber diameter was calculated us-
pare the core solution of the bilayer and single fibers. Aftering Image®) software by measuring 100 fibers in 10 SEM

a minimum of 12 h, Ce at 0, 0.5, 2.0, or 3.5 % was addeqycrographs (X5,000) of each sample analyzed. Fourier
to the previous solution and vigorously stirred at room tem-rransform infrared spectroscopy spectra were recorded on a
perature for 1 h. The outer layer of the core-shell sample§hermo Scientific spectrometer (model Nicolet Isso FT-IR)
was made only of 4 % PEO solutions. A homemade elecyiin, ATR apparatus, in the 4000-500 cthrange, with a
trospinning system manufactured the samples in two relag cpr1! and 32 scans per minute. Thermal properties were

tive humidity ranges (RH = 27-32% and 47-52%) monitoredyecorded by differential scanning calorimetry (DSC, Q2000
with Labview® Software [2,5,8]. Single (21630 mm) or A |nstruments), with a heating rate of Ynin from 25 to
core-shell (21G30 and 18G<40 mm) spinnerets were used g5y,

to fabricate them (Fig. 1). The aqueous polymer solutions

of interest were injected with a programmable pump (KD ) .
Scientifid™, model: 780100V) loaded into a single or double 3.  Results and discussions
syringes system. The needle tip was connected to the anode

of the voltage power supply (Gamma High Voltage Research!© examine the spinnability of PEO/Ce solution and the in-
fluence of the addition of Ce (0, 0.5, 2, and 3.5 %) during the

fabrication of single and core-shell fibers, a group of vari-
ables to fabricate polymeric scaffolds were experimentally
established. Relative humidities (27-32 and 47-52 %RH),
electrode separation & 14 cm), voltage ¥ = 20 — 25 kV
DC), core infusion rater; = 0.03 mL/h), and shell infu-
sion rate ¢. = 0.06 mL/h) in the core-shell samples, and

2.2. Preparation of single and core-shell fibers

High Voltage

Syringe Pumps /:__'
= J—Q,ﬁ[ J

PEO-Ce f,l_ v = 0.02 — 0.8 mL/h in the single fibers allows the fabrica-
T tion of fibers with no dripping during the process. Were used
PEO so solutions of PEO at 4 % to fabricate the outer shell fiber in

all the core-shell samples (Table I).

Ground 3.1. Morphological analysis

Collector Plate
FIGURE 1. Schematic experimental setup of the homemade coaxialSingle (PEO/Ce) systerin the case of single fiber scaffolds,

electrospinning. the samples PEOCeLs0 (Ce 0 %, 27-32 %RH), PEOCeLs05

Rev. Mex. Fis69021003
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c) PEOCeHs05

262 £ 447 nm

FIGURE 2. SEM (upper row) and AFM (bottom row) images of single samples: a) and d) PEOCeLs0, b) and e) PEOCeLs05, and c) and f)
PEOCeHs05.

(Ce 0.5 %, and 27-32 %RH), and PEOCeHs05 (Ce 0.5 %if moisture decreases &Y — 32 %RH, the Ce concentration
47-52 %RH) showed the formation of the Taylor cone and naanges from 0.5 to 3.5 %. In particular, when a 3.5 % of Ce
dripping of the needle (Fig. 2). was used (at7—52 %RH), the jet showed dripping, and high
Undoped PEO fibers ((PEOCeLs0O sample) presentethstability, and the Taylor cone did not form. Sharetaal.
their characteristic random cylindrical shape (Fig. 2a)) [12-found 3.5% of Ce amount as the optimum amount in the case
14]. In turn, fibers doped with Ce at 0.5 % allow the fab- of PVA-chitosan composites [19]. The Ce amount equal to
rication of single fibers, as previously reported [15]. PEO-2% produces continuous and bead-free samples for the two
CeLs0 and PEOCeLs05 single fiber composites with the lowmoisturizers used in this work.
est range of Ce exhibited a change of morphology from cylin-  Figure 4 shows the AFM phase and SEM micrographs
drical fibers (Fig. 2c)) to 2D-mesh (Fig. 2b)). Depending on(X20,000) of fibers with the highest (PEOCeLd35, 3.5 %,
the application, 1D or 2D fibers are desired. AFM topog-Fig. 4a)-b) and the lowest (PEOCelLdO, 0 %, Fig. 4c)-d)
raphy images revealed a detailed morphology of segmentegimount of dopant fabricated at 27-32 %RH. AFM phase
cylindrical shape for PEOCeLs0 (Fig. 2d)), segmented biimaging is a powerful tool to determine the presence of two
fibrillar in PEOCeLs05 (Fig. 2e)), and cylindrical fibers with materials during composite material formation, mainly in
two diameters in PEOCeHs05 (Fig. 2f)). Despite the relativeplane surfaces [20]. Here, it was applied to show the fibers bi-
humidity used during the fabrication process (27-32 or 47-52ayer when was used the same solvent on core and shell solu-
%RH), PEO/Ce solutions with a higher dopant amount up tdions for the fabrication process (Fig. 4c), black arrow) [21].
0.5 % were not spinnable. AFM phase images of Figs. 4a) and c) correspond to the AFM
Core-shell (PEO-PEO/Ce) systenio generate a lower morphology ones of Figs. 3e) and h).
liquid-liquid interfacial tension between the inside and the  Average diameter of single and core-shell fibeffigure
outside to create thinner fibers, we used the same miscible compares the average diameter{ 0.05) of both types of
acetic acid solution as a solvent [16, 17] of the PEO poly-fabricated samples: single and core-shell ones manufactured
mer. Several authors have prepared fibers from two immisciat two ranges of humiditieQ{ — 32 and47 — 52 %RH).
ble polymers but miscible solvents, obtaining highly porous PEOCelLs0 and PEOCelLs05 single fiber composites
structures [18]. Figure 3 shows the PEO-PEO/Ce sample@ig. 5a)) increased on their average diameter when the rel-
fabricated by coaxial electrospinning. ative humidity was decreased to 27-32 %RH, independently
In all cases, primarily cylindrical fibers or 2D-mesh were of the presence of Ce. A slightly lower average diameter was
found and, in some cases, some beads (Fig. 3j)). Dependirghown when moisture increases from 27-32 to 47-52 %RH
on the application of fibers, a specific morphology is desir{samples PEOCelLs05 and PEOCeHs05), which agrees with
able. AFM topography images showed that the increase of Cether authors [5, 8]. Due to the PEO hydrophilicity character,
dopant softens and homogenizes the diameter of the threadsreasing water molecules during the fabrication process in-
in environments with 30 %RH. It was found that a shell cap-creases the polymer jet's wettability, leading to small diam-
ping of PEO on PEO-Ce fibers helps to increase the Ce coreter fibers [22]. The determination of the average diameter
centration from 0.5 to 2 % under4r — 52 %RH, whereas of single samples is provided as supplementary information

Rev. Mex. Fis69021003
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b) PEOCeLd05 %) PEOCoLd2 Pt

% 3(]0 + 97 nm

f] PEﬁCg 05 ! : a) P ol . 0.68 ym

0.50

i) PEOCeHd05

FIGURE 3. SEM (upper and third rows) and AFM (second and bottom rows) images of core-shell samples at 27-32 and 47-52 relative
humidities: a) and e) PEOCeLd0, b) and f) PEOCeLd05, c) and g) PEOCelLd2, d) and h) PEOCelLd35, i) and [) PEOCeHdO, j) and m)
PEOCeHdO05, k) and n) PEOCeHd2.

IS b) MDba

water amount in the atmosphere increases (PEOCelLd0 and
PEOCeHdO samples). However, the Ce dopant in the fabrica-
tion solution, independent of the ambient water content, leads
to thinner fibers. At higher humidity in the ambient (47-52
%RH), adding the lower amount of Ce results in the thinnest
fibers (Fig. 5b), red boxes). It was reported that the presence
of metal ions reduces both the diameter of the threads and the
number of imperfections [23]. At the same time, the higher
percentage of water molecules in the complexes would al-
low the formation of hydrogen bonds between the polymer
chains [24]. The average diameter of core-shell samples is
supplementary information (Fig. 10). Then, as other authors
have also obtained [2, 6, 11], we observed the dependency
of ambient relative humidity during the fabrication process
versus fiber formation. A schematic proposal of single and
FIGURE 4. AFM phase (left column) and SEM (right column)  core-shell fibers and the ionic interaction between the chain

ima%es of core-shell samples: a-b) PEOCelLd35, and c)-d) PEOpf PEQ and cerium (lIl) nitrate hexahydrate is proposed in
Celdo. Fig. 11.

el d) MDb1
150 §

140
130
120

110

(Fig. 9). Figure 5 corresponds to the core-shell fibers fabriz 2. compositional Analysis

cated at two humidity amounts in the atmosphere during the

process of electrospinning (27-32 and 47-52 %RH). In thisSingle PEO/Ce systenThe FTIR spectra were used to de-
case, the linear chain of PEO or its hydrophilic character doetermine the molecular interactions for PEO/Ce single fibers.
not favor the formation of smaller diameter fibers when theFigure 6 shows the spectra of fiber precursors (Fig. 6a)) and

Rev. Mex. Fis69021003
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FIGURE 5. Average diameters of a) single and b) core-shell fibers fabricated at two ranges of humidities (27-32 and 47-52 %RH).
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FIGURE 6. FTIR spectroscopy profiles of a) PEO and Ce precursors and b) PEOCeLs0, PEOCelLs05, and PEOCeHs05 electrospun sample:

those corresponding to PEO-Ce single fibers (Fig. 6b)). Twang vibration. We used thé&-vibration of the -CH- group
central dominant absorption regions are recognized in alat 1467 cn! as a reference since it has been suggested that
PEO spectra: the first between 3000 and 2700 tand the  neither the intensity nor the position is affected by the con-
second from 1500 to 750 cm [25]. formation and crystallinity of PEO [29, 30]. The vibrational
The width attenuated band centered around 3370'cm Pands at 1340, 1279, 959, and 841 Cnwere characteris-

corresponds to hydroxyl groups (OH-) (Fig. 6b). The band afi¢ Of the H structure, whereas 1340, 1242, and 959 tm
2875 cnr! in the precursor suffered a redshift of 4 cas- ~ Were characteristic of the T structure [26]. In turn, 1145,
signed to symmetric and asymmetric C-H stretching moded 16, and 1062 cm' bands were associated with C=0 asym-
of methyl and methylene groups (-GH-CH,-) in all fab- metric stretching vibration of secondary and primary alco-
ricated samples. Two different molecular conformations of°!S: '”?'Cat'”g the crlystalhnlty of PEO. The redshift of about
PEO, known as helical (H-structure) and transplanar strucl? €T at 1099 cnm peak suggests that chain-chain inter-
tures (T-structure), have been reported [26—28] in the case &ctions may be.due to a .restral'nt stretching vibration of the
casting PEO films. Adding water to PEO makes complexesC-O-C- group in the main chain [31]. On the other hand,
with a planar zigzag structure (T) [26]. FTIR result showed,F19- 62 also shows the cerium (I_II) nitrate hexahydrate (Ce)
in all cases, a T structure. The bands at 1467, 1340, 1279, afjecursor FTIR slpectra. In particular, the broad OH- band
1242 cm! were produced due to the wagging and twisting@round 31374 cm' and the N@-(H,O); ions at A (1050-
B-vibrations of the -Ch- group, respectively, whereas 959 1550 cnt!) and B (1550-1700 cm') vibrational bands were
and 841 cm' correspond to the -CH group under rock- observed. Band A at 1340 and 1349 chtorresponds to the

Rev. Mex. Fis69021003
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FIGURE 7. FTIR spectra of core-shell electrospun samples at two Temperature (°C)
relative humidities. — I R eS———
NO3-antisymmetric stretching mode;, whereas the water :25822:325
bending mode is observed at 1670Tn{32]. As it is sug- i —-—.PEOCeLd0
gested by Goebbeet al.[32], the splitting of NQ- antisym- —-—-PEOCelLd05
metric stretching mode; is due to the presence of water con- = —-—-PEOCeLd2
tent at Ce(NQ@);-6H,O. In contrast, the blueshifts of water 5";—60_ : PEOCeld35
modes depend on the reaction with other species, like Ce 9 W '::Egg:'::gs
ions. The characteristic bands of the Ce-O a@-CeO) E - 8 PEOCeLs05
modes were found at 1294, 1040, and 517 ¢mrespec- D404 3
tively, whereas 816 and 736 crh vibrations are attributed é %
to the envelope phonon band of Ce-O species [33, 34]. Af- :
ter electrospun of single PEO/Ce solutions, the absorbance 20 - e
bands correspond mainly to PEO polymer; due to the low e i =
amount of Ce during the preparation of PEOCeHs05 and il e o 7k i 7k s ————oa
PEOCeLs05 samples. Small characteristic broadbands of Ce- 0 . . . T r T
O modes at 1312, 1033, 817, and 735 dmvere found. b) ENaE 200 a00 400 SO0 eAO

Core-shell (PEO-PEO/Ce) systenfigure 7 shows the Temperature (°C)

FTIR spectra of the PEO-PEO/Ce electrospun samples at tWeigure 8. Thermal properties of single and core-shell samples. a)
different relative humidities. As in the case of single fibers,psc and b) TGA spectra.

all absorbance bands correspond manly to the PEO polymer.

The characteristic broadbands of Ce-O modes at 1312, 1038ndx¢c = (AH,,/(1 — a)AHS,) x 100%, for the undoped
817, and 735 cm! were found. A higher transmittance is and doped fibers, respectivelixH,,, is the experimental en-
appreciated when the Ce amount increases, particularly #halpy of the membraneg\H?,-(196.8 J/g) the melting en-

735 cnt! (Fig. 7). thalpy reference of 100 % crystalline PEO anthe fraction
of the Ce dopant [35].
3.3. Thermal analysis In all fiber samples, an increment of Tm is observed in-

dependently of Ce amount. Single fibers (Fig. 8a)) showed a
The determination of future applications of the membraneshift of ~ 6°C when they were electrospun, whereas core-
depends, among others, on their thermal properties. Figureshell ones presented increments~of1.9 and ~ 7.7° for
shows the thermal analysis of all electrospun membraneshe samples with the higher and lower amount of Ce (PEO-
Differential scanning calorimetry (DSC, Fig. 8a)) was car-CelLd35 and PEOCeHdO05), respectively. Single fibers have
ried out to determine the effect of Ce dopant on the crysshown negligible changes between doped and undoped sam-
tallinity of single and core-shell PEO samples. Figure 12ples or ambient water molecules during the fabrication pro-
corresponds to the obtained individual endothermal temperess (% RH). By its side in core-shell fibers, a relation-
atureT;, of the precursors, 57.8 and 69C for Ce dopant ship of Tm with the concentration of Ce and ambient wa-
and PEO, respectively. The crystallinity percentggeof all ~ ter molecules (% RH) is observed. Samples fabricated with
samples was determined Ry = (AH,,/AHS,) x 100% 27-32 %RH showed an increase in th&jy, under a 3.5 %

Rev. Mex. Fis69021003
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FIGURE 10. Average diameter of core-shell samples. a) PEOCeLdO0, b) PEOCeLd05, ¢) PEOCeLd2, d) PEOCeLd35, e) PEOCeHdO, f)
PEOCeHdO05, and g) PEOCeHd2.

Core-shell PEO:
PEO/Ce fibers

FIGURE 11. Schematic diagram of a) single PEO/Ce fiber (blue), b) cross-section of core-shell PEO: PEO/Ce fiber. PEO/Ce fiber in blue
and PEO fiber in yellow, and c) ionic interaction between (:CH2>O-)n chain and Ce(N§3; 6H2O.

Single PEO/Ce
a) fibers

b) c)

amount of Ce dopant. The opposite behavior was presented It has been reported that a PEO fiber contains several fib-
in the fibers fabricated at 47-52 %RH. Table Il shows the therrils of fibrillar crystals and amorphous regions [36, 37]. The
mal variables obtained by DSC and TGA of all single andaddition of Ce(NQ)3-6H,O induces the increment of crys-
core-shell fabricated samples, including meltifig, melt-  tallinity of single and core-shell samples until 2 %, indicat-
ing enthalpy variatiom\ H,,,, fractional crystallinityx, the  ing that there is a cut-off dopant concentration above which
degradation temperatur@y, and the correspondent weight yo decreases (PEOCelLd35 sample). We propose a reaction
lost during the degradation process. In concordance witlof one oxygen of N&~ with one hydrogen of -C- chain of
previous reports, the undoped single or core-shell fibers prePEO throughout hydrogen bridges (Fig. 11c)). The presence
sented a crystallinity ranging from 52.7 to 54.2 % [36]. A of additional moisture during the fabrication process at 47-
slight increment was observed for the PEOCeHdO core-she2 %RH could promote stronger hydrogen bridges during the
membrane fabricated at 27-32 %RH. fabrication process that lead to slight crystallinity increment
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TaBLE Il. Thermal properties of single and core-shell samples, assessed by DSC and TGA.

Sample T, (°C) AH,, (Jg) xc (%) TD max1 (% lost) TD max2 (% lost) Total % lost
175 (1.71)
PEOCeLs05 75.4 101.3 54.2 182 (1.14) 402 (76.6) 81.74
244 (2.29)
PEOCelLs0 75.3 103.2 52.7 S 403 (93.06) 93.06
166 (0.82)
PEOCeHs05 74.2 99.8 53.4 184 (2.21) 402 (76.10) 80.39
228 (1.26)
174 (1.22)

PEROCeLd35 713 70.3 54.9 185(4.48) 398 (63.86) 70.56
PEOCelLd05 75.4 103.1 55.1 222 (0.89) 404 (84.04) 84.93
PEOCelLdO 75.3 105.9 53.8 402 (91.61) 91.61

181 (1.19)
PEOCeHd2 75.6 91.8 58.3 185 (2.09) 398 (71.33) 74.61
PEOCeHd05 77.1 106.2 56.8 211 (1.34) 403 (88.22) 89.56
PEOCeHdO 79.2 106.7 54.2 _ 401 (92.32) 92.32
water
0.5

_ —— Ce(NO,), 6H20 .

g ——PEO ~ ‘«;r

E} ‘:;~ -0.5

: 69.16 £

T Easy

% 2.0 4 ;w
25925, ——PEOCeLs05
s7.81 e ~heoceiso
50 100 150 200 250 300 350 -3.5 e . - . -
Tem perature {OC] a) 0 100 200 300 400 500 600 700

Temperature (°C)

FIGURE 12. Individual endothermal temperatu?é, of PEO and
Ce(NQ,)36H20. 0.0 o x
TN

in Ce doped core-shell samples vs those fabricated at 27-32 _-%-51 !
%RH [5]. E 0] ' '

The thermogravimetric analysis of undoped and doped E, . i
PEO single and core-shell fibers is presented in Fig. 8b, £7°7 T /| —— PEOCeHd2
whereas the first derivative of TGA (DTGA) is supplied as 8 20z | —— PEOCeHd05
supplementary information (Fig. 13). Doped PEO single %_25 E —Eggggr&%
fibers DTGA (PEOCeLs05 and PEOCeHs05, Figs. 8b and aH - PEOCeld2
12a) revealed three processes of weight loss-0f.3 and 30 -=-PEOCeLd05
~ 5.1 %, respectively, between 150 and 2€5that could in LR ~m PEOCeLAD

T T T T T T
100 200 300 400 500 600 700
Temperature (°C)

correspond to loss of water, inorganic and organic materi-

als decomposition from PEO and NOx [38—40]. The highest b)
weight loss of doped and undoped samples oceud0°C,

and is related to the PEO [35]. Then, adding Ce dopant enFIGURE 13. The first derivative of TGA of undoped and doped
hances the thermal properties of the PEO single fibers anBEO in a) single and b) core-shell fibers.

consequently a lower loss of mass, independently of theoncentration in the atmosphere during the fabrication. By

o
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its side, core-shell samples PEOCeHd05, PEOCeLdO05, arfibers. Thinner single fibers were obtained when moisture
PEOCeLd35 (Figs. 8b) and 12 showed one peak between 2@0nbient increases from 27-32 to 47-52 %RH, independent of
and 225C with mass losses close to 1.3, 1.0, and 11.6, re€Ce dopant amount. However, the thinnest average fiber diam-
spectively. PEOCeHd2 and PEOCelLd2 presented two masser was found at 47-52 %RH, adding 2% of dopant. The use
loss steps at 160-206 of ~ 3.3 and~ 7 %, respectively. of cladding (shell fiber) allows the increment of cerium in the
As in the case of single fiber samples, the highest weight losginer matrix (core-fiber) to produce non-beading continuous
of doped and undoped samples is related to the PEO [35fibers with 3.5% of the dopant. In concordance with previous
A coating of PEO on Ce-PEO fibers improves their thermalreports, the undoped single or core-shell fibers presented a
properties until a concentration of 2.0 %(m/v) with a lower crystallinity ranging from 52.7 to 54.2%. The use of cerium
loss of mass, independently of the water concentration imlopant up to 2% induces an increase in their crystallinity due
the atmosphere during the fabrication. In both cases, sirto the formation of Ce-O species, enhancing their thermal
gle or core-shell Ce doped fibers, beyond 425°438 small  properties, regardless of the moisture during manufacturing.
amount of weight loss could be observed, indicating the re-

maining transformation of PEO into carbonaceous products

as well as leading to the formation of cerium oxide, as was

corroborated by FTIR and DSC [38, 39]. Acknowledgements
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