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Fig. 1 (a) XRD patterns; (b) Enlarged XRD patterns; (c¢) the change relations between cell parameters

and doped ions of nanosized Cey 9s My 4sO, (M=Fe, Nd, Eu) solid solutions
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Fig. 2

(a) the UV-Vis absorption spectra; (b) the band gap fitting patterns, inset shows the value of band gap

energies of nanosized Ce) s My s O, (M=Fe, Nd, Eu) solid solutions
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Fig. 3 The PL spectra of nanosized Ce, 9s My, os O, (M = Fe,
Nd. Eu) solid solutions

2.4 EKEE Mg Ni-Ni-5%Ce0s Mo.0s0: BUZ R N ZHS

Bt R AE

& 4Ca) g 5 & BB L Mg, Ni-Ni-5 % Ceq o5 My o5 O, 22
20 W I RLAE R I i v £k . T A RSB — AR A
BB RO A R, R BHE L MERE RAF. W 4 Ca)
PELRT 7 » VS NS [ [ 9 1 52 5 b0 Rk 1 e S0 R 28 k3 910 O
Ceo o5 Fep s O; (874.8 mAh + g ') > Cey o5 Ndy o5 O, (827. 8
mAh + g7') > Cey s Eugos O, (822.7 mA h » g7') > CeO,
(764.9 mAh « g7'), BLHIMEILFIARGE ] B4R & Mg S5 &1
T KO 25 . T TR IR O R R B K R A R 3 T R
%o HJE R 5 A 4 78 OB B i B WO EUR B e R AE R Ak
SRR OC R T RE Y 2 DR AE R R 4 (b)) fF 7R . 5 4l

£a) o (b)
_ "<; 850
‘oo 800 >
é ‘g 800 60
E L
‘E 600 & Ce Eu Nd Fe -
g % Doped ions éc
5 **\*** n
) S i
_%D \'\) Kttty oy 30
g 400 4 _o— Ce0, .
a —a—Cey 955110.050?'0%\0
—&—Ce9sNdo 0502 009,
200 42=Cpofenn0s 0
0 5 10 15 20 Ce Eu Nd Fe
Cycle number/N Doped ions

4 IREE Mg, Ni-Ni-5% Ce.os My.45 O, (a) E I T8 E M i 2&,

MEAZRAMERTE; (b) 20 RBEAEHEERIFE
Fig. 4 (a) Cycle stabilities curves, inset displays the maximum
discharge capacities; (b) the capacity retentions of ball

milled Mg, Ni-Ni-5% Cey os My s O,



511 il 2 563 i 3423

CeO, AL FIAE LY, [ 10 70 BB 02 1 & & i 25 LR 5 3
BT, HKRNERKK B Ceos Feoos O, (49.8%) >
Ceo. 05 Eug o5 O, (49.7%) > Cego5 Ndo.os Oy (46.3%) > CeO,
(34. 1%) s ,H\:':Pé\ Cey. 95 Fey. 05 O, E%*ﬁﬂﬂ@ﬁ%%*ﬁi%%o

S WEFE AL X AR N H P ECRE R, X Mg, Ni-
Ni-5 % Ceo. 05 Mo, 05 O: & A 4 B A7 T B A7 B BRI K. 1B 5 24
i AL BRI Mg, Ni-Ni-5 % CeO, & 4 4 FH B i 5 B 8] o 17
EXTEHh L, BB R RSP BCR 8 D, & 5 Al
54 CeO, AL, BB EH T AR S SN HY
WHRE, KB Fe' ' BIE A E G AR T B8R Sk .
100

0.5 1

50

Dx10"/em™s™

0.0

0
Ce Nd Eu Fe

Doped ions

logi/A-g"

-0.54

-1.04

0 1000 2000 3000
Time/s

B 5 #EE S Mg Ni-Ni-5% CeO, PR B 7 5 ial m 5L 3
ME L, HEARERBYTBRYD

Fig. 5 Semilogarithmic curves of anodic current vs. time

responses of typical sample Mg, Ni-Ni-5% CeO, and

inset shows the diffusion coefficient D of different

samples

3 MEALTTAE HALEL I Hr

L'Bliﬁﬂ:% Cey. 95 My, 05 O, ’fé’ﬂ.’jﬂj Xj‘ Mg %‘%% q:_'/ﬂﬁiﬂ]ijj

References

[1] Zhang]J, LiZ, Wu Y, et al. RSC Adv., 2019, 9. 408.
[ 2] Tian M, Shang C. J. Hydrogen Energy, 2019, 44; 338.

JI A A PR RE IR R 45 ) [ I A 1K) AL BE D e R B /MR IR
N Cey. g5 Feg o5 Oy > Cey. o5 Eug. o5 Oz = Cey g5 Ndy. o5 Oy > CeO,
Ceo. o5 Mo.os O; IYHEALHLEL T AN LLF L7 #4720 4. 1 9%
BB BN Ce ', BRI CeO, & kS 4548 K A Wi A2
7 5t A P A AR s A O T R I R R AR 0P 5B
=, H5ECT RN M, HESRE FT 5 Ce'T B TR
KA 22 R, Bk Fe'm B2 &l CeO, ik 4
g W A AR R R T O A P 7 AR T 2 A I B B A S A
W= EEAMBRRE (R W B, Mg S5 &R
5 H ZREFAERFREAN, Fe' BA BN R, [k
R BE 98 30 o 78 A T AL H R Wl SRR, T i — P R
B A A s s . N 5 Ed M TERlS
Ce' ™ ML, M7 Eu’™ 42 2% [ 73 14 0 4 Ak S5O A B 47, L JBTA
FET Eu' WA — 5 1728 M R bk, BV RE U A b T B A AE
g3 Eut', EAE CeO, fbA% 45 44 P9 7 A 05 2 B b T 0% o
AT BE A 2 e I8 1K 1) P AL 80R

44’

SR K $:  R41K Cep o5 My, 0s O, (M=Fe, Nd, Eu) [
VR O A R Ry A Ak R D & BR B Mg, Ni-Ni-5 % Cey, o5
Mo s O, BA MR, IKEAF B IRE T3 CeO, Fe 7 1Ak
PERERY S HLET, B FI LT 4548 .

(1) [ PR35 Ry B8 A ST 7 G546 . 4B 2% 5 B B dlok R
N AR SR R R s BRI 4, B
BRI o TG 0 e I 0 o R AT

(2) BB AR F 241 CeO, . AL R E /N
KK Ceo.os Feo o5 Oy = Cey. o5 Eug. o5 Or > Cep, o5 Ndg. 05 O, >
CeQ, ,

(3) [EVEARXT Mg B4 4 0 f Ak 25 R 55 & i e b e 8 S
BB T M AR DA O

[ 3] Xie X, Chen M, Hu M, et al. Int. J. Hydrogen Energy, 2019, 44 10694.
[ 4] Ismail M, Mustafa N, Ali N, et al. Int. J. Hydrogen Energy, 2019, 44 318.
[5] LiY, Zhang Y, Shang H, et al. Int. J. Hydrogen Energy, 2018, 43;: 6642.

[ 6] Calizzi M, Chericoni D, Jepsen L, et al. Int. J. Hydrogen Energy. 2016, 41 14447,
[ 7] Alsabawi K, MacA Gray E, Webb C J. Int. J. Hydrogen Energy, 2019, 44, 2976.
[ 8] Jangir M, Jain A, Yamaguchi S, et al. Int. J. Hydrogen Energy, 2016, 41 14178.
[9] Zhang G, Li Y, Hou. Z, et al. J. Solid State Chem. , 2018, 264, 148.

[10] Zhang G, XuJ, Hou Z, et al. J. Rare Earths, 2017, 35; 63.

[11] Rodrigues M, Catto A, Longo E. et al. J. Rare Earths, 2018, 36. 1074.

[12] Bokare A, Pai M, Athawale A. Solar Energy, 2013, 91: 111.

[13] LuF, Meng F, Wang L, et al. Micro & Nano Lett. , 2012, 7: 624.

[14] Xing Y, Wu Y, Li L, et al. ACS Energy Lett. , 2019, 4. 2601,



3424 i 2% 5 61 43 Hr %40 %

Research on the Spectra Characteristics and Catalysis Effects of Nanosized
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Abstract Nanosized Cey s My ps O, (M=TFe’", Nd*", Eu®") solid solutions were synthesized via hydrothermal method. The
micro-crystalline structure and spectra characteristics were investigated systemically. X-ray diffraction (XRD) results showed
that doped samples exhibited single phase fluorite cubic structure, while no impurity phases corresponding to the doped ions
oxides were observed. This result indicated that the doped ions had been doped into the lattice of CeO, and formed solid
solutions. The crystalline sizes of the samples were calculated lower than 20 nm. The electron transition properties of the solid
solutions were characterized by UV-Vis spectra. Red-shift of absorption edges of the doped solid solutions was observed.
Meanwhile, the band gap energies were fitted and it was found that the obtained values from large to small is CeO, (3. 13 eV) >
Cep. 95 Eug. 0505 (3. 04 €V) >Cey. g5 Ndy. o5 02 (2. 94 eV)>Cey. g5 Fey 050, (2. 75 €V). The photoluminescence (PL) spectra displayed
that the intensities of the doped sample emission peaks were lower than that of pure CeO,. Among them. the peak of the solid
solution with Fe’" ions possessed the lowest intensity. It can be explained that the doping of Fe®" ions would introduce more
defects in the lattice, which would hinder the recombination of electrons and holes. The solid solutions were added into Mg; Ni-
Ni as catalysts and the Mg, Ni-Ni-5 % Cey. o5 My.os O, composites were obtained via ball milling method. The electrochemical and
dynamic hydrogen storage performances were tested systematically. It was showed that the Ce, os My o; O, solid solutions could
improve the electrochemical discharge properties, the maximum discharge capacities were Cey o5 Fep 050 (874.8 mA h» g7 ') >
Ceg. 95 Ndo. 050, (827. 8 mAh » g ') >Cey o; Eug.0:0,(822. 7 mA h+ g ') >Ce0, (764.9 mAh « g '), respectively. Meanwhile,
the catalysts also could enhance the electrochemical cycle stabilities of the composites effectively. The capacity retention ratio
after 20 cycles were Ceq, o5 Feg, 05 Oy (49. 8 %) >>Cey. o5 Eto. 05 Oz (49. 7 %) >>Cey. 95 Ndo. 5 O (46. 3% ) >Ce, (34. 1% ). The high rate
discharge (HRD) properties of the composites were characterized, and it was proved that the solid solutions catalysts could
improve the large current discharge performances of the composites. For instance, when the discharge current density was 200
mAh « g7, the HRD were Cey g5 Fey, 050, (59. 5% ) >>Cey. g5 Etg, 05 O; (57. 4 %) > Cey. o5 Ndy. 05 O, (55. 7% ) >CeO, (54. 4% ). The
influence of the catalysts on the H diffusion capacity in the composites was evaluated by constant potential step technique, and
the H diffusion coefficient was: Cey o5 Fey o5 O; = Cey. g5 Eug, o5 Oz > Cey. o5 Ndy. o5 O = CeO,. The catalysis effects of the solid
solutions were closely related to the concentration of oxygen vacancies, lattice defects in the lattice and the characteristic of easy

to change valences of the doped ions.

Keywords Ce; o5 M, o5 O, solid solution; Hydrothermal method; Spectra characteristic; Catalysis; Mg-based hydrogen storage

alloy
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