526 55 12 44
Volume 26 Number 12

TEEREREFR

The Chinese Journal of Nonferrous Metals

2016 412 A
December 2016

XEHRS: 1004-0609(2016)-12-2589-07

FEARE 1L Ti;SiC, il Z K FLIET)

Fukk, T R, & OB, R
(PR K% MRS %228, V%2 710055)

8 . LUNHGF RIZ F4 ARG SR B S IEAE TisSiC, R il 2 9K 22 fLE5K, BT FHBEAL s. Fe
PR LRV AE AR R X K 22 SLES AT FIR o R S A S P 7 BB (FE-SEM) . X SF AT S AU (XRD) A
X IMEIEHE TR (XPS)XT YK L FLAT AT RAL . 45 RRW] . SLARBIA A LR I T i oK, HLAE S AL I
AT Rl FLAR R ST AR AL s TisSiCy PR B AL S5 BR 35 4T Tis Siv C Jo#4h, 8547 O yuz, HLL TIiO,

IS

REEIR: TisSiCys PHBRAALL; 49Kl WG AR

FESZES: 0646 XEARERD: A

BHBR S A A DAy — T ] o BRo 1) 46 40 KRR 7
VO E N AMOREGT S . 1999 4E, ZWILLING 2!
FRAE A SR P R SR B § 1145 THO, 22 LB
2001 4E, GONG ZEPIZEERIL Ak A F I AR A Ak VLA
HF /K# )4 TIO, 40KE . BiJS, N4 TiO,
PR A T KR IS TAER T, O T sk gh
K TiO, MIMHEAGTEBE, AN /235 10 B S IR Rl %
HMT BB, W TOKUDOME Z51°lH#3
N-TiO, HKE, I LS PRk Bl O i A %
PE, HRBARM TIO, K E M LLER, HOGHALIETESRS
BT H s RS NaHCO, £E75E R TiO, 4K 4%
AL B C-TIO, AKA, KN C-TiO, Al AE 5 Ah—
A W EATR] WG IS BRI, AN TIO, HLRR 1)
360 nm ZL8%5 %) C-TiO, 1) 380 nm;  FLU&R R BH K
AT £ 1) TiO, AR T C B ot 5, R4
B OOPE IS 1) TiO, AR A 6 mT L PR R g 1 S 16 i, 5%+
V. FF L R B R A 92.7%, MRS T ReME T TiO,
PERE DGR 5 7.9%.

SR FH B AR AR 25 P A 4 e 4 3 T R A7 2 Bt
DU TRY AR A g — Tl ] PP B ) 46 M KRR (9 T 1
BGOSR B A A A4 TIND Bl HHE S
YK Z LA, AR ITFLAR A 10~30nm, i
BHFLEA 20~60 nm, HAKFLKFLIFEBESE Nb
SRV S (R N m 3 . P4k e 25 T8 A A1k
Ti-6A1-4V il %t TiO, )2, S0 = AR S A TiO,,

Igis BEA: 2015-10-23; 1&iTHHA: 2016-03-17

IR 2 3% THI () Bl gl K &5 F R K St 1 3 56 (— O A ) -
PE TIO, 2 (AT A A Kb o B T Bk
Hahh, MLITRE T AR S B (W Ze, HE. Nb,
Ta Z5)F 10 BHARAEAL I S AUR G TAE, TR, H
LT R FHAR AT S A B 9K B A !

= ICJERBRACA) TisSiC, B A F B s s &
e Z RS e PERPIRGEVESS TR RRSL, I R A S Jm i R 4f
SR T ARSCEE R R R E,
TisSiCy A48 Ti VBN AR, A1 34E N IR, NH4F
L T U AT 84, 7 TisSIC, R Il tH gl
KZALEH, T T BB . HL AR AR 5 R4
ABISF TR TisSiC, R AR ALIES S T RS ZH ) 5%
Wi, JF SEM. XRD Al XPS %f H:ik47 T #AL .

1.1 HEREE SR

il %% TisSiCy MJEUREN A LT 3 Fli: TiC ¥y CRLE <2.6
um, ZHAE 99.9%, AbHUNSRERHA PR A R A7),
Ti ¥yCKLFE <45 pm, 407F 99.5%, X FER A
BRA T AF), SiKCRLE <45 um, 40/% 99.5%, 4K
AR 8 B K A4 B ST BE 2 7= ) o B U4 BE IR L
n(TiC):n(Si):n(Ti)=2:1.2:1 FATHCEL, FHLLTLIK LN
I, EAT ARSI 3 h, SR TR S

WA Jrtlg, #P2, tEh; BiG: 13909185139; E-mali: yinhf01@163.com



2590 rpE AT 4 2R 2016 4F 12 H

HTASBEN, EREPNETEAE N, KA 25
MPa, JHEHEHR A 10 C/min, IREEHN 1500 C, (i
IfIA] A 3 h #H B4 il 2% Ti;SiCao

K 145140 TisSiCy VIR AR 2 em® (4R, 12
TTHEE . OIE, SR N TE/K SR X 81K i
FEVEYE, M.

1.2 AKRZILIETBIH &

FH e iy W YR (B 5 TT6833) 4 Jy 18 K EL I
U5, THSIC VE N B, A1 88VE I BAR, AN i 3 4
1) NH.F F1 5%H,O(FR 73 30 (1) £ B 55k VL
FOLAAR IS s 2 Tt I o e, A RO B R A . i
SR AN R HEL ARV 2 DU R AR N R4 T BH AR
SEs . RN TEER S, MR TE/K SRE A2 81Kk
FEVEE, SRS REAS I

1.3 RHERIE

K H LA T3 R R T SR (SUB010)
Xof WL T S A I TSR ST AT RAE ;s R A H A
SRR X B ATHHIU(DMAX—2400) % Hifif A1 518
FERIWIAHZE SCEAT RAE: KA X 2ot i1 RE kX
(AxisUltra DLD)X HLA# 5 ARE ) J0 22 H ORI S e 2= 11
AR TE AT RAE

2 FR5118

2.1 SHBENTREERAZMN

B 1 BT iR 22 °C . NHGF 3RS 1.5%(5 &5
B0 B AN HL R 45 2EF TisSiC, BHARAEAL 12 h JE I 4h
KALKESURAAE . I 1 ol FH, MR 20 V I,
WFERT /NS Z LA, HHS SR . BiE S
I R T E, FURROC, MRl 30 VI, TR R
WA 2 ALEEH, FLARZIH 80 nm. HLR4REETH
F| 40 V I, FOKILEIH AT BRSO E
1(c)), IR, FLARIE KA 100 nmo & 1(d)FTs A X ek
A ) EDS %, "] W, BRSSP IBR AT Tiv Sis
C JCHEAL, A O JLHE, ZT iR O JCHEMAEEIEAE
Tt — IR SR A RN, AL 2 Al
KAVERIEE R 2, B&E BRI m, fLARE
K WOE 5 S A H A AT SEI KAL) (4

22 HBRIREXREIIRAZM

K 2 Fiios i 22 °C L AL HLE 30 V. NH,F i
FEIY 0 1.0%- 1.5%1 2.0%(J5 & 73 B0 44 T i i
BAE A 12 b TE AR AL I TESRRAE o tH & 2 v

B 1 AR FAULE TiSiC, kAL SEM {44 EDS it

(d) Ti

Si

L

é k N

2 4 6 8 10
Energy/keV

Fig.1 SEM images and EDS pattern of nanopore arrays in Ti;SiC, by anodic oxidation at different voltages: (a) 20 V; (b) 30 V;

(c) 40 V; (d) EDS pattern of point 4



26 4558 12

JHjkig, G BIARGEAL TiSIC, il 4 K ILEES 2591

Y NH,F WA 1.0%M 1.5%0, 4K FLIFLAR A 2 AR
K, 2124 80 nm; 2 NH,F RN 2.0%0, FLIRHE
B, 2925 90 nm. SEEGEE RN, B NHLF KA
M 1.0%IE KA 2.0%, AHKFLAIAE A TS A 1SR,
HIFAI .

2.3 SR REAER M

Bl 3(a) 7 K BH B S AT A AR AR e
I EES . I 3(a)rT s, HURBELs R B0,
T AT IR G5 R 1) TisSiC, fhokir, kL ks 2 ] £
A, F 3(b)s (0)s (d)s (e)FTas hilid BHAR S A ik
EHRFE 22 °C. NHGF 3KE 1.5%. K 30 V. Az
IS TR) 46 A T BRI 9 K LI FESRURRAE

M 3(b)FA ()T LA t, 7RI 1 F0 2 h,
ERFER B AR Z AL, FLARZ1H 30 nm. Bl X
ST R3E AN, TisSiCy S 4kBRgsfil, AKFLMILIR S
WK, MV A EK S 8 h i, TisSiC, il T
HA A LR35 B — RN ZILE 1.

2.4 PEREACETEMIRARR LS
N T R e A (A AL AR A, HOH XA

B2 AW NHF F49K4LI SEM %
Fig. 2 SEM images of nanopore arrays by

anodic oxidation with different NH4F

concentrations: (a) 1.0%; (b) 1.5%; (c) 2.0%
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Fig. 4 XRD patterns of samples before and after anodic
oxidation: (a) Before anodic oxidation; (b) 40 V, 2.0%; (c) 40 V,
1.5%; (d) 30 V, 1.5%

B3 ARSI N9k AL SEM %
Fig. 3 SEM images of nanopore arrays
by anodic oxidation with different
anodizing time: (a) 0 h; (b) 1 h; (c) 2 h;

(d)4h;(e)8h
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Fig. 5 XPS spectra of samples after anodic oxidation: (a) Survey spectrum; (b) O 1s; (c) Ti 2p;,; (d) Si 2p
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Fabrication of nanopore arrays on Ti;SiC, by anodic oxidation

YIN Hong-feng, HE Chen, HOU Qin, YUAN Hu-die

(College of Materials and Mineral Resource, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Nanopore arrays were fabricated on the surface of Ti3SiC, in ethylene glycol and NH,4F electrolyte by anodic
oxidation. The influences of anodizing potential, concentration of the electrolyte and anodizing time on the micrograph of
the nanopore arrays were investigated. The morphology, size and composition of nanopore arrays were characterized by
field-emission scanning electron microscopy (FE-SEM), X-ray diffractometry (XRD) and X-ray photoelectron
spectroscopy (XPS). The results show that the average hole diameter increases with the increase of anodizing voltage and
the deviation of the hole diameter reduces with extending anodizing time. In addition to containing Ti, Si, C element,
Ti3SiC, sample contains O element that exists in the form of TiO,.

Key words: Ti;SiC,; anodic oxidation; nanopore; electrolyte; anodizing potential
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