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Ti,AIC 2 55 —Ff MAX . 55 TisSIiCy MIEL, X FBRALYI A & i B 5/ ale ELIME, Ll TiAIC
ST R A4 £ (1 CDC ELA AR B2 B (0.37 g/em®). Hoffman Z5USIxt kAT T HF9T, 455 9.
SALIR /N T 600°C I, TiAIC-CDC (MR Bt 51528 T S 1 | RUA5IR 28 B FLAR A0 A N iiaL; &tk
TR, W AR T IV TSR G . HhAh, Hoffman ZMLE RGEHTIT T = JCERILY TisSiCo-
TizAIC,. Ti,AIC. Ti,AlCosNos Ta,AlC S5 A HTIRAAR ] CDC il #5172, FH43 MIERAE T Fris 21 CDC
AL

— T, MRS ZI MAX AT AR BT dERR G R M43 B 2 FLBA R #R1T, Naguib
25 N8BT 2011 4R BIE SRR (HF) ZIih Ti;AIC, I, W DAk B 2 i Ferh g Al TT K TT45
B4 TigCr 54 BlJE I FEIE—20 RIL, KZELL AL A A JLER I MAX FE5 0] 5 Bh T 25 R ik
BYERS IR Al TR T3] —4E45 k. hah, Sun 2 NIg %t 7 78 700°C il B AL (KOH) %
Tl TisAIC, IO, R BRZ ) 32 2 77 0 02 T 8 Tk A SRR o DRI, SRS R %1/ TisAIC,
B EBREERFENY.

NT EIRAHAR TiAIC, M & I i 72, A SCR R SR &S TiAIC, 347 %1 ik i i
TEREAE, A RAE ARV, AW OREE R, D5 T E B
Xt ZI k= VAR AL SO 65 4 B FLAR 3 A RIS

1% %

1.1 #RH&

il % TizAIC, B RMUHE: RE =LA RA S MEMER (TiHy, 45 > 99%). FEEZ
AR R A F HIAER (Al 267 > 99%). i) HE PR R A BR A = A 880 (C, 4 >
99%). ¥ iR =FhERHZIREE/REL TiH, : Al : C=3:1.2: 2 B51EA G, BTEAPhERSES
0T 1400°C {135 2 h BEAT#145 TiAIC, Bl & . V4N L2 5252 Wik [20,21].

W HIAF I TizAIC, B EE 371 200 H i, R4 TisAIC M RIS TFIEA SBAT E, FMERE
WA BOIMAX Ik, InFET, LA 100 ml/min (19 S 30 min &S (99.999%); AJE, BHEAME
PHESN 10 ml/min ~ 20 mi/min F G FHE B 2 TR . fARERZE A, PL 10 ml/min ~ 15 ml/min i &
BN B ST ER S Z o, 200 E D 3 he [RMES G, SEAS I RN, [FEL 100
ml/min Ji I8N E S 30 min, 2K ESMETAE N 10 ml/min ~ 20 mi/min B 2)E XA 2 =05,
PAERIIE SR BE 1 S A AU STE PRI AR P e

MIBANF S HERNE R R =i, &b AR ESHEA L & NaOH B AR =
ST S S E EMR . N T8 NaOH VAR [0 30 A K fefd i, HESUE R e 415
B,

1.2 MRERAE

AT 50K 48 [ Bruker AXS A R 5] ) D8 ADVANCE 4 X B ATEHX (XRD) X kE 5474
A4 T 5 K 92 [ Renishaw 23 7] [ INVIA B BOE B AL AR 26 (RS) 4B RE i T 5 454 5
KA HA B SHE ISM-6390LV BliHiH 7R3 (SEM) WA I T 2544 FE iR A7 TR 3
T KM H AR F RS JEM-2100 293 5 LT A (TEM) SRS S ROW &5 F b AT W88 43 4T
JnE HLE A 200 KV,
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Figure 1 Comparison of the XRD patterns of
Ti;AlC,-CDC samples prepared at various
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Fig. 2 XRD patterns of the TizAIC,-CDC samples
prepared with bad air tightness

%37 %

temperatures with the original TisAIC, sample

FE 5 16 B 2 T AR AN L5 #4958 F 25 [ Quantachrome 1% 2823 71 4E 7211 Autosorb-iQ-MP %4> (5 55
PRI BRI 5 o AR 2E B SR B T, SR A RIETE 77 KNI O B B —Be B S5 2, AR s
SR ZE A Brunauer-Emett-Teller (BET) FRARTHHEFE S I LLR AL, MR ¥E t-plot B tHEMILAI LR
MAUAFLES, HHE Non-Local Density Functional Theory (NLDFT) ¥ igitH L1290 1f

2 &R Git#

2.1 XRD EliES 1R

K1 A EREE N &AL 215 1 TisAIC,-CDC 1) X ST ATH . AT LG, &4 Hhek e
20~ 26°H1 20~ 43°AbINA7AE A A58 (002) ATHFIERN (101) fiTifud, HLIX AT U i o B Bl o A ik
TERF Mg, XK TisAIC,-CDC HHATEA S BA PN A R E M4, HILEERE A R
FEMTEmE . — ik, 20 = 26°fF1EREiA 5% (002) ATtk AFLEA [AIFE A 0.335 nm 1)
FSBEEER; B, TERY) 20 = 22°KAFAE R B WAL U B 28 Z EE A Y — 1. BEERER
Frim A K 260= 26° b TS IE I 38, 260 = 22°4b B WA EE, RIAA B Z MM, 15 (002)
ZRFEEEE T 8, seBa RS RN, AR EERE, CDC &MZEiaTaT.

Kl 2 S B R E AL B LT A FRE A RO TisAIC,-CDC 1) X SHZRATS Bl i LLE H,
BRSBTS 0L R AR T AZIih TisAIC, 2% CDC, {HAEK 2 A% 2% th ZR AR A7 1A 1R 9 1)
AlLOs fiTiti, BRI & HEPEANIF A T =i 2B 20 ALOs AR, X ULEHTE TisAIC, 4514,
5 TimBZMEt, Al TEMPREEERE NS Z]. XRF N Al TR AR BUE, =R IS S5 H
SIS Al Os. A1, il &AL TisAIC, A il i S AL ERAR 25 WRSOK 43 FE38 3 K A s B S A AN LA
RER, G E e R MR AlLOs.

A7, 3 B RS I A s R S S B8 TiAIC, th 4R 0 R DL M &P I Al B L
BRI . Bk, N T ERUEFPPISEREE, X TisAIC, HEAT milid S %1 i A B By 575 ORAIE e B A% MR R I I
SR T4
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B 3 TiAlC,-CDC WL % L3 2 47: (a) &L FIRE T & iR & A2 1k TizAIC, Fr 314 5 iy 4 % 3 ;
(b) D 5%

Fig. 3 Raman analysis of TisAlC,-CDC: (a) Raman spectra of CDC prepared at various temperatures;
(b) full width at half maximum of D band
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Fig. 4 SEM images of Ti;AlC,-CDC prepared at different temperatures: (a) 700°C; (b) 800°C;(c) 1000°C

2.2 NEXIEHH

XRD Z#rig i, TisAIC, HIGILF =Mk T s o 1 ER AR AR . IRIE AT 7,
e A R N % B TR T . T SEIG R E X A MR KR, R R AT L8
i o

ST REEFNASR, BRSO R —MEM (<1579 cm™); XS G g, RIET
A B KB T sp® JRT X RIS 5l . T0E 0 4 2 IR o R R0 (FRoA D ig) T
BT ~1349 em ™ty X AMESRIE TR T I BEAIE 5 S . — BRSO 6 R B A X
ANER{E I, 2]

K 3 (a) NI N HIEE) TiAIC,-CDC HIfi 8 it . rULE I, i & RIBEZRTHE, D
g (~1350 cm™) I G IE (~1620 cm ™) ZHIAE, XK YIFEE & RIRERITHE, TisAIC,-CDC H1f)
B BRI IN. & 3 (b) 4A 2 D Wl v B S 2 iR AR S R T DL S
D e 0 B A SR kB RS ) TH R TR, BB IR I T, TisAIC,-CDC S5 7 1
B, AR R

2.3 FHEMESE FEMBES
4 IR Ti:AIC, #1451 CDC HAfi R . B, miREAZM/EE 31 CDC kM
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BEZER. ME 4 (@) ATLAE RPN Z S22 B HBL T SR, mErE 4 () 1 () FIuEE
TisAIC, 7TESRZN S HIL T 7 2 Rk E R B . Bk, SR SRR IR T TisAIC, dki )
RGBT ARG EE AL N Fr R G54 LR TRI BRI T 1k o

BT (TEM) W] LSE EDULHBULIN B ] £ 1K) TisAIC,-CDC MM &t . &l 5 AN il
5 A B IP) TisAIC,-CDC ¥ TEM B Fr. MK 5 (a) ATLAE H, TisAlC,-CDC A AUl T4 880 1 — 4 &5
Ry, AHR IR —4E v RS IR FLIRAAAE, B8] 700°C SAL, TisAlC,-CDC H AMYAH TG E
WA S, WAEARTEENARPENDZ)ZEMWIER. MR 2] 800°C i, Tk A HL 2L
FR AR TEINEA R, WA 5 (b). H145IREE N 1000°C I, TisAIC,-CDC I 3= 2 S 31 R A HL 25 #h3r & (1)
HIZEEH .

) ‘ -  Jvenm | W5 — f ‘ L g =
Bl 5 [ %] &8 TisAIC,-CDC # 4T B 48 B = () 700°C;  (b) 800°C;  (c)1000°C
Fig. 5 TEM images of TisAlC,-CDC prepared at different temperatures: (a) 700°C; (b) 800°C; (c) 1000°C

2.4 FLESHDSIHT

6 AN AR & L TisAIC,-CDC &S 225075 —
R B — Bt B S5 R 2 P IR, TisAIC,- T e ~e- 800°C
CDC 7R RN HIR B, ) 3 TN e
TR BAL (LA <2 nm); B HA FE 3877 a 20
B 5L L AR I 1 PIPo = 0.4 72 A7 130 o soof"” |
BHIBHHIETR, B B 0 TLA A @ wene /
HNFL (2 nm < L8 < 50 nm) FE7E I S § 4901 "_.,,_..:—:':::.
H il Bt G PG FE M 700°C T %) 1000°C, o ARERREES > :_;)" g
B 2 B 2 467 R B PR R &, 3

Relative pressure

SR A i e 1 S I S A e ) U E 6 7[FiEE T4 48 Ti,AIC,CDC 4
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Bl o B A G G BT, SR 2k R SR
K, RFBEE A BIRER T &, R AR K
LA (L2 > 50 nm).
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Fig. 6 N, adsorption isotherms for TizAIC-CDC
prepared at different temperatures

(1) LA TisAIC, J IRl K iR &S 2 7E 700°C. 800°C A% 1000°C &L 4% TisAlIC,-CDC.
B [ MR IR, TisAIC,-CDC 32 TG 8 TEMR 10 f1 SR 45 i 64k, B R WiFH &, iz

BEHR.



% 1 (IRFEAMEE) Advanced Ceramics, 2016, 37 (1): 34-40 .39

(2) TisAIC,-CDC BBk R~ 5 K TisAIC, BUMURL RS R FE— 2, HBEERE T, BikiaiE
KRS NN A A =

(3) TizAIC,-CDC HIFLAA A AR HIAAXT AL FE . FEELA AL F o AKIR G IR R & — L,
FR A BB S — @ M RTL. BEE & BRI E, PRI E i .

PEAN, AHEFIE R : BB IEN TisAIC,-CDC (4l B HE M, i Sk 2 st 1 4
TR B AU R S SR T

53 Xk

[1] PRESSER V, HEON M, GOGOTSI Y. Carbide-derived carbons: from porous networks to nanotubes and
graphene [J]. Advanced Functional Materials, 2011, 21 (5): 810-833.

[2] VAKIFAHMERTGLU C, PRESSER V, YEON S, et al. Enhanced hydrogen and methane gas storage of
silicon oxycarbide derived carbon [J]. Microporous and Mesoporous Materials, 2011, 144 (1-3): 105-112.

[3] OSCHATZ M, BORCHARDT L, SENKOVSKA |, et al. Carbon dioxide activated carbide-derived carbon
monoliths as high performance adsorbents [J]. Carbon, 2013, 56: 139-145.

[4] SILVESTRE-ALBERO A, RICO-FRANCES S, RODRIGUEZ-REINOSO F, et al. High selectivity of
TiC-CDC for CO,/N, separation [J]. Carbon, 2013, 59: 221-228.

[5] PORADA S, WEINSTEIN L, DASH R, et al. Water desalination using capacitive deionization with
microporous carbon electrodes [J]. ACS Applied Materials & Interfaces, 2012,4 (3): 1194-1199.

[6] LIUF, GUO H, MA W, et al. Low friction carbide-derived carbon coating on SiC in vacuum achieved by
microstructure formulation and solid-liquid lubrication [J]. Tribology Letters, 2014,54 (2): 183-190.

[71 SHILAPURAM V, OZALP N, OSCHATZ M, et al. Hydrogen production from catalytic decomposition of
methane over ordered mesoporous carbons (CMK-3) and carbide-derived carbon (DUT-19) [J]. Carbon,
2014, 67: 377-389.

[8] YEON S, JUNG K, YOON S, et al. Electrochemical performance of carbide-derived carbon anodes for
lithium-ion batteries [J]. Journal of Physics and Chemistry of Solids, 2013, 74 (7): 1045-1055.

[9] FISET E, BAE J, RUFFORD TE, et al. Effects of structural properties of silicon carbide-derived carbons
on their electrochemical double-layer capacitance in aqueous and organic electrolytes [J]. Journal of Solid
State Electrochemistry, 2014,18 (3): 703-711.

[10] HOFFMAN EN, YUSHIN G, EI-RAGHY T, et al. Micro and mesoporosity of carbon derived from ternary
and binary metal carbides [J]. Microporous and Mesoporous Materials, 2008, 112 (1-3): 526-532.

[11] COLOMBO P, MERA G, RIEDEL R, et al. Polymer-derived ceramics: 40 years of research and innovation
in advanced ceramics [J]. Journal of the American Ceramic Society, 2010, 93 (7): 1805-1837.

[12] BARSOUM M. The My.;AXy phases: a new class of solids thermodynamically stable nanolaminates [J].
Progress in Solid State Chemistry, 2000, 28 (1-4): 201-281.

[13] BARSOUM MW, RADOVIC M. Elastic and mechanical properties of the MAX phases [J]. Annual review
of materials research, 2011, 41: 195-227.

[14] YUSHIN GN, HOFFMAN EN, NIKITIN A, et al. Synthesis of nanoporous carbide-derived carbon by
chlorination of titanium silicon carbide [J]. Carbon, 2005, 43 (10): 2075-2082.

[15] GOGOTSI Y, NIKITIN A, YE HH, et al. Nanoporous carbide-derived carbon with tunable pore size [J].
Nature Materials, 2003, 2 (9): 591-594.

[16] HOFFMAN EN, YUSHIN G, BARSOUM MW, et al. Synthesis of carbide-derived carbon by chlorination
of Ti,AlC [J]. Chemistry of Materials, 2005, 17 (9): 2317-2322.

[17] HOFFMAN EN, YUSHIN G, EI-RAGHY T, et al. Micro and mesoporosity of carbon derived from ternary
and binary metal carbides [J]. Microporous and Mesoporous Materials, 2008,112 (1-3): 526-532.

[18] NAGUIB M, KURTOGLU M, PRESSER V, et al. Two-dimensional nanocrystals produced by exfoliation
of TizAIC, [J]. Advanced Materials, 2011, 23 (37): 4248-4253.



-40 - DR %, A TiAIC, [ & & & 5 U AT £ 5 4 4 R AT %37 %

[19] SUN D, ZHOU A, LI Z, et al. Corrosion behavior of Ti;AIC, in molten KOH at 700°C [J]. Journal of
Advanced Ceramics, 2013, 2 (4): 313-317..

[20] &R, AZHE, ZXIEMH, 5. TiH, fit Ti JEAR TAICTAIC, KA HT[I]. HERRER ISR, 2013, (1):
132-137.

[21] LI L, ZHOU A, XU L, et al. Synthesis of high pure TizAlC, and Ti,AIC powders from TiH, powders as Ti
source by tube furnace [J]. Journal of Wuhan University of Technology — Materials Science Edition, 2013,
28 (5): 882-887.

[22] JIA J, ZHU YY, ZHANG YF, et al. Synthesis and analysis of carbide-derived carbon from TiC by
chlorination [J]. Key Engineering Materials, 2014, 602: 463—466.

[23] Bit, MWRRH, EHE, 55, BRACYIRT A K o S HAE S AF i o R 2 P 2 4% AR N FH AT 98 1 e [3].
fb T3HEE, 2014, 33 (10): 2681-2686.

[24] FERRARI AC, ROBERTSON. fixAtkHih & eilk: MBRAPCKE BENIA [M]. ESPE, 20, pias i,
B dbat: 42Tk H A, 2007.

Analysis and Characterization of Carbide-Derived Carbon from Ti3AIC,

FENG Shi-Hao, JIA Jin, LIU Jiang, TAO Yu-Fan, CHANG Qing-Bo,
ZHU Yuan-Yuan, ZHOU Ai-Guo

School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China

Abstract: In this paper, carbide-derived carbon (CDC) was successfully synthesized from
Ti;AIC, precursor by chlorination with freshly prepared Cl, at temperatures between 500°C and
1000°C in a tube furnace. Ti;AIC,-CDC prepared via chlorination at high temperatures consists of
amorphous carbon and graphite. There was a obvious trend of graphitization in Ti;AIC,-CDC
synthesized at higher temperature and the degree of order of graphitic structures increased with
increasing temperature. The results shows that Ti;AlC,-CDC particles retained layer structure of raw
Ti5AIC, precursors and particles broke into single layers and/or multilayers. The pore structure
characteristics of CDC chlorinated at 700°C, 800°C and 1000°C were examined by using N,
adsorption technique. Meanwhile, the influence of the air tightness of the chlorinating setup on the
synthesis of CDC was also studied.

Key words: Nanoporous material; Carbide-derived carbon; TizAIC,; Chlorination



