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Abstract

Ta,0;@TasNs nanoflowers were synthesized by a combination of hydrothermal and high-tempe-
rature nitridation method, using TaCls as the tantalum source. Based on the morphology evaluated
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by field emission scanning electron microscopy (SEM), the preparation process of Ta,0s nanof-
lowers was optimized by regulating process conditions including solvent type, amount of isopropa-
nol, amount of hydrochloric acid, and hydrothermal time. Isopropanol solvent is beneficial to pro-
mote the formation of rod-like structure. When the amount of isopropanol is 14 mL and the amount of
concentrated hydrochloric acid is 400 pL, Ta,0s nanoflowers are prepared by hydrothermal treat-
ment at 160°C for 4 h. The rod-like structure of nanoflowers is about 50 nm in diameter and about
200 nm in length. Then, Ta;05;@TasNs nanoflowers were prepared by topological transformation of
Ta,0s nanoflowers, using high-temperature nitriding technology, under 50 mL-min-1 NH; gas flow,
after nitriding at 850°C for 3 h. XRD analysis confirmed that the sample possessed both Ta,0s and
TasNs phases with a high crystallization degree. HRTEM analysis indicated that the sample exhi-
bited core-shell structure Ta;0;@Ta3Ns. Its BET specific area was 21.9 m?-g-1, This work lays an
experimental technical foundation for further research on preparation and application properties
of Ta;0s@TazNs-based nanomaterials.
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1. 3]

YHEAL I KR A D A BRBEVR AR BRI T e [ R A5 20T B, 7T DU K BH RERE AL D9 3t AN T AR
M. SRANYEAEATEAY AR, R B SR, A e T e T 4 52 R
BRI R I R MR e v A IE R I T R L GBI AT R[] [2] [3].
G TasNs ZOGMEAAEIRRIECR, HRIBUVN, fisttzE., SUERR T Eath, R R Bz
Fg, LbE s E RG] T HO AN I [4]. FERHE S TR AT DR SRR S PR SR, A
T FR R MR I AN A FIEALTE E[5] [6] TasNs SEOGMEAABHESUE G 7 THRT AR PE BRI L 2

WETERE, JEREANE & B LR IR RAC BT R KORL . K s KER. KIM oK AN
GORE LS, ISR BIFIRIRTHT] [8]. 216 U IARGIK M1 TasNs, 41 Cui ZE[9]LL HF,
HCL. Hy0, AFEEE A K I A S il AL BOR IS T TagNs 3D GKAERZ Haiwy, AT LRt
2 TEVEAL A, BB A BT S MR RE A DG AR B TR R B, ETTR m AR 10] [11]. BT
W, REAIME T Ta,0s@TaON@TasNsn-n RAZRJREEH, WKBIEAEI T HH A [ ANE PG IE RS 2 0
s, AR A, BERTIRE MOCHELL E R RE[12].

AR PR S Rl BACBR S BOR, AL T %5840 Ta,05s@ TasNs PHAKAESE B &R T E, itk
— I IFROB R EE TagNs SEQUKROGHEALAT R BT 5E SLIR BOR B A o

2. SCUGERSy
2.1. B5RT

W) IR Hral), W E ERR A IR AR ERROITal), PaBit TR AR AR R
B2, (ordra), REMTRERLARTARAT REOIHal), RETOCERARAF; FEREEG T
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afly, RETEFRHMALTHRAA.

X3S A RSB TF R EE SU-70, HAHZAR; X FHLATH XRD-6000, HARHEAFR: H
P T4H DHG-9030A, KEW YR SRAIRAF ;s & T RIMBE Tecnai G*TF20, [E FEI 2
"l B RYT MXG1200-40S, AT A TR A F .

2.2. Ta,0s@Ta;Ns KL HI&

HERAPREL 0.2687 g TaCls 737 T #8A 14 mL B 7 NEEROK . SREER . SBREAR N BEER) B Berr
o, TEERAM T, BRI 4.8 mL ARF 208K, FINAIR HF 200 pL I HCL ¥ 400 ul
(800 pL. 600 pL. 200 pL). 7870%E4 30 min J&, FA{EATA NRFIFEWS S50 8 B ITEEIER AT
B RNUR O RBEY, 4 160CKH 4h G h)fG, AHARER, PR IERT, 750°CREE 2 h T
BN R, BE TE PP IEAE R, 4 850 CE M 3h, HIfFZ L Ta,Os@TasNs 44
KAk

3. BR51TR
3.1. Ta,0s URIE R AT %

3.1.1. BFFNHERT Ta,05 PRIER AR

1 RUAFEEFIZ 160°CKH 3 h fril 45 1) Ta,0s 9K SEM Bl. 7] WL, #5715 Ta05
TESAA R, VERIrP R ER N, FERAEKHTEZRAKE. B 1)=& UK R 620 b 2 70
MITESRRI AR . ] 1(b) 2 A LBV R &R BN S B e B 1(e) 2 LALR NN
TRF ] AAE D 2 KR (K 2 200 nm. EARZ 30~50 nm) R R IAEIRTEST . 18] 1(d)2 DL LR 57 I RS I
WORVEFIH SRS BRI, R I T D ERRRIRGE M . SRR N RN B, AT LA HIRE S AR R 4%
SER R AEK13] [14], B REIG 58 Ta,Os 7 1 MR B IR B AR 3408, (Rt At . R, &R m
W S FAEAT Ja S A

Figure 1. SEM images of Ta,Os nanoflowers prepared using (a) water (b)
ethanol (c) isopropyl alcohol (d) isopropyl alcohol, and ethanol as solvents
E 1. 2HE) K (b) ZEE. (c) AR () FREEMZERAT
H1F Ta,05 AKIEH) SEM [
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3.1.2. RAFAER Ta,0; PREH AR

W% R N Ta,05 FESMISE N 2 fion. AL, BEE RARES BT, 9eKPRREEmE £,
PKAEAT, MEATEW . & 2R EEH RN 8 mL, W EAEIERZ ISR A Bk, 2K R g
B, E 20) R AEHEME 10 mL, HIECNHERICRERE . K 2(0) R HBEHEN 12 mL, 94
KRR SRR, BN EREMER R, © 2R HEEHEN 14 mL, JKBEREHNTE L, Ky
200 nm, SECPRBSHA, ERRIFHIGKICRER L. oI, FAREHEX Ta0s IR 1M
R, RAESENZ, RAES Ta0s RIS TR KRE R, BHlEanEs, e
Wi tE =N 14 mL.

Figure 2. SEM images of Ta,Os nanoflowers prepared with (a) 8 ml (b) 10 ml (c¢) 12 ml (d) 14 ml iso-
propyl
2. SAEEAER@) 8ml (b) 10ml. (c) 12 ml,y (d) 14 ml FFHl#& Ta,0s 44K FER SEM [E

3.1.3. EEEAERT Ta,0s RIEF AT

3 SRR LR P B 4% Ta 05 Ak EAL I SEM BIE . WAR, Bl EhEe & M 800 uL J/) 3
400 uL, Ta,0s PKACMHRIG L, TOIREEIZEHIA L, 150 i KM Tay0s 9K K. 24 2RR
M 400 pL 48 Z2ENE 200 uL B, BRIRES M. G, EhERE A &8 400 uL.

3.1.4. FKFABTEIRY Ta,05 PIRIERLIRAIT N

N T A BAHTEIN TayOs BTSEM, A IR SR E ML T Z56AF, WK RIX TayOs
TESRIZMa I 5] 4 Fros. WL, ZKEA AN 3 h HNE] 4 h, Ta,Os JUKIERIHIRGE NG 2, DK,
AT I G ACRTESE R, DI T8 70 KA R R AR PR oK bR e AR KK OB R 3R . IR, e d i
KI5 4 he
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HRBNU-SU70 15.0kV 15.4mm x8.00k SE(U) 5.00um | HRBNU-SU7

Figure 3. SEM images of Ta,Os nanoflowers prepared with (a) 800 uL, (b) 600 pL, (c) 400 pL, (d) 200
pL HCI amounts, respectively

3. HC1 FH2#9(a) 800 uL. (b) 600 pL. (c) 400 pL. (d) 200 uL EF#l& Ta,0s KR SEM
%

um | HRBNU-SU70 15.0kV 15.4mm x8.00k SE(U)

Figure 4. SEM images of Ta,0s nanoflowers prepared with a hydrothermal time of (a) 3 h, (b) 4 h
& 4. 7kABFEF(a) 3 hy (b) 4 h Bl Ta,05 AKEE) SEM

3.2. Ta,0s@Ta;Ns WK ESBERLTE
5 N2 850°C mil 4k 3 h il % Ta,Os@TasNs PRI SEM B . nl i, &l milEsft, FFf
rm TESNE A OO, AR EE IR R SR A R, ARG g A . X2 TR A FEF, TayOs

LA ANEAC A K Ta,05s@TasNs, HESHHERUOR KA BB, IR EF Tay,O5 FIAEIRZ R EH, 2 > N R
TEAR3 A O R FHRER AL 51 = 0 e A B, BUEAR R G A 5 i o
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Figure 5. SEM images of (a) Ta,05 and (b) Ta,Os@Ta;Nsnanoflowers
5. (a) Ta,Os F(b) Ta,0s@TasNs ZHKIEHT SEM [E]

3.3. Ta,05@Ta;Ns KR RAE

3.3.1. XRD &%

6 AFES XRD . B 6 Af W, AT 17.20°. 24.46°. 31.36°. 34.90°. 35.93°, 39.26°. 44.10°4b
BRI AL AT S04 X B T TasNs (002)< (110)+ (023)~ (004). (113). (024)F1(043) % (JCPDS No. 79-1533) [12];
BT 30.0°, 47.58° K 59 IATETIE VA JE T Ta,0s fI(112)A1(123) 5% T (JCPDSNo0.54-0432) [15], ¥ THEM AR

BALI Ta,05 15

(110)

o0y 023)
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| lﬁ_ -

1 & .am
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Figure 6. XRD pattern of Ta,0s@Ta;N5 sample
& 6. Ta,05@Tas;Ns #E5AY XRD g

3.3.2. HRTEM #1 BET &34
sl 7(a)y Ta,Os@Ta;Ns i) HRTEM [El. AT, & (124 0.363 nm AT 26805 )& T TasNs (110)

FRTEI[10], SEASIAIEE N 0.368 nm FIATH 46 S0 N T Ta,05 (211)EETH[13], #E—5ESE Ta,05@TasNs %
FER R . B 7(b) A Ta,0s@TasNs ] Ny W - BiPH AR th4k, Bomizkeilh v SR, TEMAXE
JI6HE 4 (0.2~0.95) A H3 U538, BET ELRMAN 21.9 m>g s B T(c) LSRR, RIHIZEE M
PAEREERAFLEER, DLPIFLAE N 24 nm AL E, BHBRIRGMBEAR T S, AR T 60 R N A% i

MR, BEmRIHELTERE .
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Figure 7. (a) HRTEM image of Ta,Os@Tas;Nssample, (b) N, adsorption-desorption isotherms, (c) pore size
distributions

7. (a) Ta,0s@TasNs # A HRTEM B (b) N, IRHT - BiBERE (o) FLESH

4. it

A SR 7K B R il S8 B AR BRI ) i T %5 45 R Ta,Os@TasNs 4K A6 . #2843k
1 Ta,O5 PURIERIRAL T 2564 - 1 S5 BV CORE ), NI A & 14 mL, MR R FI &0 400 uL,
% 160°C/KHA A 4 he #RJ5, 7€ 50 mL-min~' NH; S8 F, 4 850 C i &k 3 h, Ta,0s KL%
12 R L5 Ta,05@TasNs 49K AE, PEKFEKZ) 200 nm, HAFZ) 50 nm, ELREAA 21.9 m*g s
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