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Abstract: The perovskite-type oxynitride with AB(O,N); formula is a new type of functional ceramic materials,
which have unique dielectric/magnetic/photocatalytic properties and prospective applications in the field of energy
storage and conversion. However, the traditional preparation process takes a long time and the product purity is low.
In this study, SrTa(O,N); ceramic powder was synthesized and densified by a pressureless spark plasma sintering
equipment with urea as nitrogen source and metal oxides as precursors. Effects of heating rate and synthesis
temperature on the composition and microstructure of the powder were deeply investigated, and the dielectric
properties of the optimized ceramic bulks were characterized. The results show that higher heating rate and moderate

synthesis temperature are beneficial to sufficient nitridation, while the SrTa(O,N); powder prepared at 100 ‘C/min and
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1000 C possesses the highest purity (~97% oxynitride phase content) with a particle size distribution of 100-300 nm.

Elements of Sr, Ta, O and N are evenly distributed. The optimized densification process is firstly sintering at 1300 °C,

with heating rate of 300 ‘C/min, and dwelled for 1 min. After sintering, the density of SrTa(O,N); ceramic pellet can

reach >94% with a high purity. Dielectric constant and loss tangent of the material are 8349 and 10™ level at 300 Hz,

respectively, which are superior to that reported in the literature. The high dielectric constant prepared in this study

is closely related to standard density and purity, because the existence of pores and impurities can reduce the

dielectric constant of materials. Therefore, high density and purity are the key factors to obtain excellent dielectric

properties of SrTa(O,N); oxynitride ceramics.

K ey words: perovskite; oxynitride; urea; spark plasma sintering; dielectric constant

FEER T S S B AL W) (Perovskite-type  Oxynitride)
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Fig. 1 Preparation flow chart of the SrTa(O,N); ceramic bulk
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B, RAEWDEHESEESE T SR 1R,
J5UBFR ) SrCO3 5 TayOs b & A ik S1yTa, 04, S 2™
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2B R 3 (16240 SEM IR F T LB H, 7
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Tablel Synthesisconditions (heating strategy) and element content

Composition/% (in atomic)

Sample Synthesis temperature /'C  Heating rate /(‘C -min™") O/N
Sr Ta o N
STON-1000-10 1000 10 9.19 11.05 61.51 18.25 3.37
STON-800-100 800 100 14.59 7.74 57.10  20.57 2.78
STON-900-100 900 100 12.60 10.98 50.24 26.18 1.92
STON-1000-100 1000 100 11.74 11.92 47.83  28.51 1.68
STON-1100-100 1100 100 10.63 13.02 4486 31.49 1.42
STON-1200-100 1200 100 10.11 13.50 44.17 3222 1.37
(@ ®
# SrTaO,N ¢ Sr,Ta,0, * Ta;N; i Ta(O,N)s :Ta(O,N)6 :Ta(O,N)s 1 Ta(O,N)s
N ) 1 Ta-N i i
! -~ /i o i |
g 5|/ !
2 STON-1000-100 | 3, S ON'IOOO:TI;OO
g 'E 1 Y
8 =
*
*19. %, 9. ¢, STON-1000-10 ;
10 20 30 40 50 60 70 80 200 200600 800 1000
20/(°) Raman shift / cm™
Kl 2 AFEFHRER Y XRD 1 El(a)f1 Raman 1% & (b)

Fig. 2 XRD patterns (a) and Raman spectra (b) of the products obtained at different heating rates
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Fig. 3 Optical and SEM images of the products obtained at
different heating rates

(a) 10 "C/min; (b) 100 C/min
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P iy, R B AR B e = . AR A R
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St Ta) 070 IR FZ IS 17 55 715, 26 i R
f&AF(1000 ‘CLLF), AR SryTayO7 & SryTayO7 &AL
() B B To i 78 4 64T, SrTaO,N FoH 4l FEA; i i
R SR BE (1200 °C BA_E) 2l SrTaO,N 724
(o3 fife, 0 MR KT SraTa,07 BAL K F I,
FEIR L AR % . R, A RAIAR SrTaON 7
R EH

BBl E 5 MOEEM SEM IR AT LU H,
STON-800-100 % 3 ¢ i, STON-1100-100 £1 STON-
1200-100 AZ 444, STON-900-100 Ji& Bl N8 ki f,
1Ml STON-1000-100 AtEEkth, E4itH SrTaO,N K5
o iEin, RPHFAR S ERMK, X5 XRD &
Raman 5 BAHW) & . I\ SEM BB b B a] &, 74
e R BOR B 2 IR, BEE S &R &, 72
FLARIZHTIE K, 1000 “C il 25 A A~ 35 ok R~ R
100~300 nm-
23 MU IZEHEE STa(ON); BHEHIEH
550

2 EIRSr 1T A5 26 & = 4R SrTa(O,N); Fr i i
BT 254N FHRER 100 C/min, & IR E
1000 C. KA T 2% T SrTa(O,N); #31k, I
FRAETZH A 2H BRSO S5 44 o

6 N SrTa(O,N); ¥/ X S 26741 Rietveld
iR SRER, W EESH SrTaO,N
SryTa 0, WA, HIE D E AN 96.88%FI

(@ ®)
& SrTaO,N 4 Sr,Ta,0, Ta;Ns . Ta(O,N)s i Ta(O,N)s ;Ta(O,N)s , Ta(O,N)s
s STON-1200-100 . L Ta N !

3 o* o) > o 2 I XX 3 'STON-1200-100

3 i STON-1100-100 | S| ! . !

N ' 4 & & & * & < ' I !

2 A2 A // ! : " _

Z 2 STON-1000-100| & ! : STON-1100-100

g s | 2 & * s2a | F| o ! 'STON-1000-1

- + STON-900-100 | = | /i L . i
o2 47 42 a4 a SR/ / 'STON-900-10
sa0e 4 o o4 . ¢ STON800-100 i -t STON-800-100

10 20 30 40 50 60 70 80 200 300 400 500 600 700 800 900 1000

20/(°) Raman shift / cm™

B4 RFEERIEEFE~E XRD K1 (2)f1 Raman &1 (b)
Fig. 4 XRD patterns (a) and Raman spectra (b) of the products obtained at different synthesis temperatures

K s

AR R BE T AR T )06 5 SEM R Jr
Fig. 5 Optical and SEM images of the products obtained at different synthesis temperatures
(a) 800 C; (b) 900 C; (c) 1000 ‘C; (d) 1100 C; (e) 1200 ‘C
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Bl 6 SrTa(O,N); Bk X 4265 i) Rictveld F5 451k

Fig. 6 Rietveld refinement of XRD pattern for SrTa(O,N);

Vertical marks indicate the standard Bragg position for SrTaNO, (upper)
and Sr,Ta,0; (lower)

1020

3.12%. [FIEF, M 7 Ff & EDS BEil B mT LA H,
VU o6 2 MOW B BRI 2], G & i 2
TCEYIFE KRR N Sr/Ta=1.00, N/O=0.58, Hrh
N/O Eumg & T FRARAH (0.5). X843 U B & I # 44
(2l FEAR i
24 SrTa(ON); MEMEHEZN R T B
BERF 5T

AR B B RN Al R T AR B B B
i, BT IR E R RZ AN F SPS T2 k4
W) P 250 B AAR 2L . 76 100 MPa JE /1 F, K
FEATRNIGLRE « PR I 1R) R0 TR R N bedh, SR I

HIFTHEAS B M SR B B R AR LI
SAERERARIEZL, SRY)TE 2(SITaON HIH
WY 8.021 g/em’). KB EY], B SPS
FREEIRFE . (R IR I (AR R T, AR
B b 2 42 s, Hoh AR & STON-SPS-7 Fi
STON-SPS-8 [ 8 % FE # iy, 40 ol ik 94.13% FH
95.62%. &l 8 A 4 B i 7 XRD #E &, # 4 STON-
SPS-5 Fll STON-SPS-8 H 4 B {2 [¥) Sr,Ta,O7 225,
XA TR PRI (R FI B = R A T S 3T
AEAH 5 4 9 N SPS Jke4h Bt 153584y
SrTa(O,N); £ f [1) SEM [ f. nJLUE H, BEE KL
BT, AR & SR R IR &, JL
tiRE i STON-SPS-7 T34 ki R <) >4 200 nm, &
7Nt SPS T2 7E 2 e 50 FE A | b A K T THI
BRI LA T al A, 24 SPS B4k iR B 1300 C.
FHEIHE A 300 C/min. R [EA 1 min B EPFEE
it STON-SPS-7), SrTa(O,N)s 355 & (94.13%) F1 4l &
CREET . Bk, TR T eSS, ATCARIS R
% v B AN A () SR BB

S FH AR 6 A HL 3 B (e ) R FRBRRE A1 IE V) (tand)
PN B S EEN R i STON-SPS-7 A HELPERE
B 10 N=iE. 300 Hz~1 MHz 75 B N 51
SrTa(O,N); P B HL i B S HFE(E . T LAE H, A
CINCE(@ N T Ey N T R N [T A 1 2 Y

K7 LA 5 SrTa(ON); 34K K) SEM I )5 Fil EDS JC % 7341 /8]
Fig. 7 SEM image and EDS mappings of SrTa(O,N); powder prepared under optimized conditions
(a) SEM image; (b) Sr; (c) Ta; (d) O; (e) N

&2 ARE SPSIZHHBEANUMMERNEEKFLEEE(100 MPa)
Table2 Density and porosity of oxynitride ceramics prepared by different SPS processes (100 M Pa)

Sample Hecating rite/ Sintering ] .Dwell. DensiE}}f/ Rele‘ltive Op§n (Open por(?sity/

(‘C'min") temperature/C time/min  (g-cm ) density/%  porosity/% Total porosity)/%
STON-SPS-1 300 1100 1 5.69 70.94 3.12 10.77
STON-SPS-2 300 1200 1 6.30 78.54 7.54 35.28
STON-SPS-3 300 1250 0 6.93 86.40 4.37 21.90
STON-SPS-4 300 1250 1 7.13 88.89 0.43 3.89
STON-SPS-5 300 1250 3 7.24 90.26 0.57 5.88
STON-SPS-6 200 1300 1 7.37 91.88 0.69 8.53
STON-SPS-7 300 1300 1 7.55 94.13 0.55 9.52
STON-SPS-8 300 1400 1 7.67 95.62 0.49 11.53
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T N S S— Hosonon Masubuchi  Kim  Zhang This work
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Kl 8  SPS E44fiT43 SrTa(O,N); HLfAf) XRD i ]
Fig. 8 XRD patterns of SrTa(O,N); bulk obtained by SPS

500 nm |-

Bl 9 SPS ke4i 113 SrTa(O,N); Hefk (¥ SEM FIt M8 Jr
Fig. 9 SEM and optical images of SrTa(O,N); bulk obtained by
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