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SV [Up NAIUEISP AN I N (T S Y 05 e T
WA PR B R B AL W Bk AR T B R A

B H AT ER S SR L ER K. A m . =Y
Al P A ARSI R, A 5400 5R F 0 H T30 FRL 55 5 B e
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JRE S &= RIS G B AR B R 55 T2 %A
XA IR, S SRR L S5 A FOR T
AT RAE T

I

SO BT FH TR FR O (BaCO,), “FHIkifE 0.5 um, 4H7EF
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Fig.1 Schematic diagram of the pressureless spark plasma calcining

device
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Table 1  Processing conditions for all the products
Sample Urea content” Heating rate/’C min™* Synthesis temperature/‘C Dwell time/min
BTON-1 1 300 1000 1
BTON-2 4 300 1000 1
BTON-3 6 300 1000 1
BTON-4 8 300 1000 1
BTON-5 8 10 1000 1
BTON-6 8 100 1000 1
BTON-7 8 300 900 1
BTON-8 8 300 1100 1
BTON-9 8 300 1200 1
BTON-10 8 300 1000 0
BTON-11 8 300 1000 3

* Relative to the stoichiometric ratio; “1” means 1 molar urea in the total reaction

(TEM)XTFE it B TIOW E SEE AT RAE o« WK RT B LB 4y
BT R PR A B, AR S5 P AR R RTRE g AT L . 7
HRTEM 0TS =5 #8 K3, £ HAADF-STEM
B2 % 7 K 2 A (Ba/Ta/OIN) #E 4T IL IS . TAEHLIE A
200 kV.

2 ZR5WE

2.1 FREAZEX BaTa(O, N); ¥k 4l #8201

IR AN R R 2 B 2 00 JEORLHEAT IR R SR i 4 ik
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RN 10 il 12 st R, SR N R S T
B, R EIR R R A IR RS SR A H A,
TAEMATHERE R, Fik, PUFOTIRRE &8N 8 fif
PUR IS DL B 2 R FHAS TR R 25 2 2 1 Rk B i) £ 4
i XRD B1E AT Raman Y . B 2a /1, KGR S 0E
W BTG S BaTaON #r#E PDF £ F (JCPDS
40-0566) Xf Lb &I, 24 J5okE R 3= & BRI (BTON-1,
BTON-2), #¥)5 BaTaO,N fiT i iid B 2= 1R K, B
SRR, FE S EG K & BasTasOgs Al i TagNs 2% 5
BTON-3 #1 BTON-4 Fff5h I Hbs = frifg, H
BTON-4 #5240 S v, R UIBEE SRR PR & &
Tt Hbs=ai g A Writmm. f£& 2b o, BTON-1 F
A ML T Ta(o, N)s /R PIRFEHR BN U6, B IA

P Ta(O, N)g, =2l FEARA; BTON-2 £ R 250 Fi
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KL (1) 5A R B E 2R R (2):

2BaCO;(s) + Ta,05(s) + CO(NH,)x(s)—2BaTaO,N(s)

+ 3CO0,(g) + 2H,0(g) L

5BaCOs(s) + 2Ta,05(s)—BasTa4045(s) + 5CO,(g) (2)

A4 5T Bas TagOxs A B 11 = 22 J5 IRl /> J 8 1) 20U
i N, BaCO; 5 Ta,0s b &4 ik BasTayO5. KUt
AR REY, IERESEATIRMEFEE R,
AHRT ERBN AT, $Emr= Al B = 2.
2.2 FHEEREX BaTa(O, N); #¥HA4hE a0

3 AN [EITHIR H 2T il 2% TS 5 1) XRD BT RE Al
Raman S, & 3a y BTON-4 (300 “C/min). BTON-5
(10 C/min). BTON-6 (100 “C/min)¥£ &) XRD #EF, w]
PIEH, THEEZ N 10 C/min i, JUFWEAE] H br
PIfihtig; 100 “C/min FHESEZ T 65 R ST ST &
HFR=YIRHEE, (BAEREA KRR IE, (35 BasTa O Al
TagNs, R Z; HFHRE AL 5 2] 300 C/min B,
FES R BARP AR . 721 3b b, HJTHREE A
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Fig.2 XRD patterns (a) and Raman spectra (b) of samples with different urea contents
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Fig.3 XRD patterns (a) and Raman spectra (b) of samples with at different heating rates
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) BagTasO15 A LA Z UK AE T SR :

BasTa;015(s) + 4NH3(g)—4BaTaO,N(s) + 6H,0(Qg) +
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H AR B B RS, A B R R 7 il R
fE N K BasTayOus BEAT 78 0 & AL . PRILTE & B
K P v 0 T 2 e B ) 2 B SE IR LI K R
fit, DREARIR: R 625 TR SR
LAt B R S

3Ta,05(s) + L0NH3(g)—2TasNs(s) + 15H,0(q) (5)

87 5 3 PR SR B R B AL A IR, PRE R S
MFIFE AT, IR TagNs 42 AR, &
SRAFIL S I = A
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4 NTAE G P ) 2% BT A AR L ) XRD I A
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F1 1100 CHY, F=HIRI6iT #1632 24 BaTa(O, N); FHIEIE,
FUE B D, SRERAR: T m A R AR
1200 CH, FEREEH /D& BasTaOu5 440 . 1X K W
PR R T ELE M A R, T AR R N A TG E 7
I IR it P T v B e it — A A I OSSN AR
4b A 5L Raman YeiE . & RGN 900 CHY,
FERI LT BARFEI Ta(O, N)g SR s 32 5 4 ik
IR F) 1000 CHE, =4 H H bR = YIRHIE 6 1) $0E 5 50
HOAH NI 0 s B NI FE S 1100 AT 1200 CHRF, =4
Ta(O, N)g FHEIEI %= 1000 'C /.
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Fig.4 XRD patterns (a) and Raman spectra (b) of samples prepared
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Fig.6 XRD patterns (a) and Raman spectra (b) of samples prepared

with different dwell time
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SitE b, FHEEZR 300 C/min, &R E 1000 C, {#
TR IE) 0~1 min. K AL T 2i] % 1 BaTa(O, N); k.

7a 7R AL T 4145 BaTa(O, N)g B A1) XPS
ARG, BRI T Tadf, Cls. N1s. O 1s f1 Ba
3d 5 MRHiEE, REBPM AT TEES A Taw C. N. O, Ba
5 Futzk, HAPAEE C nR EZNFE S AT R IR 5E
FirEt. Bl 7b s Ba 3d w4 MRl I p il Gt k. &
W 779.9 eV ALFIRHIEVEXS B Ba-O £, 780.7 eV AbHI4F
HEEXS N Ba-N 4. [ 7c J& Ta 4F s it B 7 i
G 2R . 25.6 Fl1 27.2 eV AL FIHFAEIEE NS B Ta-N £, 26.2
A1 27.9 eV AL [HFIEIERT N Ta-0. HIEAT WL, P24 AE
fE5 BaTaO,N X Biff 4 8 -4/ %8, TEB T8 A )
171

8 #& BaTa(O, N); #14&[1) SEM A& TEM 1 HRIEM
B . M SEM B (& 8a) HALABEH, P4y
SRR B2 AR, RSF N 50~150 nm, HA
A NE. AEFERZE SIE. (58 TEM W] DUk — 3
ULHIZEE . M TEM 4 (B 8b) Ha] F IR I UEA BT

AR AR K. 72K 8c (=7 ¥ TEM 1%
PRI RS IR SRR (101) #THE (d=0.292 nm) #
(110> &7 (d=0.299 nm).

N T SR E RS R SR A, AR
HEHAT T EDS WA (H 9. ZREE S HERY T
ZKJE/KEL Ba/Ta=1.00, N/O=0.33, N/O LL{EmS /N T3 ig
f (0.5). s BTON-4 1] XRD KE1E R %1, BasTa,Oss
&I N/O LE N 0, BLHFRAEM N, X —EREE
FRAR T P27 3 NJO LAl . BbAh, ARE SCik[28]kiE
AEMHAE 1000 CLLER N, SR R AR EE S K
AN JCRMFR, XS N/O A R 2 St &
7t HAADF-STEM #5250~ 3545 11) Ba/Ta/O/N Ju % ] EDS
oA (B Q) FmfUE A 2], XL R S,
AU A7 P S s Y T RAF I 50 . St et T 47
Y XRD K 34T T Rietveld 254515 (K 10), 153
PEYITR A B ) . BaTaO,N: 98.06%, BasTa,Oys:
1.94%. X 7870k B T R 0 He il fL 5 B8 1 HBobe 2R
) e 2 EE BaTa(O, N)s ARk R B P47 1%
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Fig. 7 XPS wide scan spectrum (a) and high-resolution XPS spectra of Ba 3d (b) and Ta 4f (c) region for BaTa(O, N); powder prepared by

optimization

Kl 8 Ak sk T 115 BaTa(O, N)s # 4 1) SEM Hi Jr & TEM Il HRTEM H Jv
Fig. 8 SEM (a), TEM (b) and HRTEM (c) images of BaTa(O, N); powder prepared by optimization
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Fig.9 EDS mapping of BaTa(O, N)s; powder prepared by optimization
&) 0~1 min.
pr:7,54% x| measured e e i " S p
R 25510 I calculated 4) XA BN L2 #1731 BaTa(O, N); ¥k, &
P : — i AN Ay
X,=1.769 Eiﬁgﬂﬁﬁﬂons IABEERTZE 10 min BLA, BATHIRIAE A 50~150 nm,
3 Ba. Ta. O. N 4 Mo RMHE, HABRMDM
2 BaTaO,N: 98.06% (BaTaO,N) & Ak 98.06%.
S Ba;Ta,0,5: 1.94%
=
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Rapid Synthesis of BaTa(O, N); Nano-powder by Pressure-less Spark Plasma Sintering

Ye Shiya, Zeng Liang, Sun Zhe, Li Junsheng, Li Duan, Cao Feng
(Science and Technology on Advanced Ceramics Fibers and Composites Laboratory, College of Aerospace Science and Engineering, National

University of Defense Technology, Changsha 410073, China)

Abstract: BaTa(O, N); nano-powder was fabricated within minutes with urea as nitrogen source and pressure-less spark plasma sintering
technique as a calcination tool. The effects of urea content, heating rate, synthesis temperature and dwell time on the purity of the products were
studied and optimized. The composition, microstructure and morphology of the powder prepared by optimized process were analyzed. The results
show that excessive urea and proper synthesis temperature benefit the synthesis reaction. The purity of BaTa(O, N); powder can be significantly
improved by applying a higher heating rate and an intermediate dwell time. Based on the processing optimization of 8 times molar (urea content),
300 °C/min(heating rate), 1000 °C (synthesis temperature), and 0~1 min (dwell time), the obtained BaTa(O, N); powder possesses an average
particle size of 50~150 nm, a uniform Ba/Ta/O/N element as well as a good purity.
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