5 53 556 0 ] i N

I Vol. 53, No.9
2025 F 9 H

JOURNAL OF THE CHINESE CERAMIC SOCIETY September, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250019

TiO,/Ti;C, G APRH 1 2 R H Fil & BURITA

% R s B OBREEL AEe ¥R kel R 8 o R

(1. BEFORHE MR RIS S TRESART,  BeiiR S KRS Rl SRR, N SU A MR SHEAR B E TR E s s, 1%
710021, H[E; 2. FEHZEERERMERAT, A% 710200, FE; 3. HARILKFEZICWIFREEERTA, i 980-8577, HA)

# E: L MXene-Ti;C, FIEKER T E MR, BT KPR FRKIGEE FHl# 1 TioyTi;C, E&ME . RH X S 2474
FH T e . AR BLM . Raman GGt 4 H K TiOy/Ti;,C, B M EHIT T S HIFITESH R . X TiO./TisC, H&
PRHEAT T IR BUREREF 7T . SRR EAPPRARE T4l Tio, 9K TiyC, BB AN R mipite, 150 C
IKHAZ BN B S AR R TiOy/Ti30,-150), TiO, Mk ik ey 50 AR 558558, EeRmARE s, LRV, MET 180 °C
1210 “C IR SAE B s MR N 300 ul/L B, K& TiOy/Tiz0,-150 S AR IA R 34.77, HHELF2H4H TiO, M
HIRAT 7500 L, mRiES A 43 s 455530 T 28's, REBTEIH 49 s 40558 37 s. Bbah, iZFESATE 5 AR R RILHEXTE
AR, HEA KIS Fa . BB Tio, B MR A BIERE: — 5 THIHET TiC, AR T
TEAMRI TR R, F— iR AT N TR S S A 22 3G OK T A SRR ) L AR A, AT AR S o

SR

KHEIR . AEALER BRALER; JKBGE RIRE R
hE 4SS TB332; TP212  HEFRER: A
P4 H AR AT IE) : 20250829

TR MATHFRE, WA
REHA A BRI E . AEAOATIE, TS TR (AR
IR RN R TR 2 ™ EL R 2 AR T
5. I BT AR BRI AEIRGE A 5 1R
SRR, 55 R & SR 4ROk ) 51 RS i
R . RN S ThRE B AEIVERR A,
RIE, R A R AR R X T
N A 2 M 00 A 25 B S5 v T LA e i

£ H AT SRR T, TR AR
2 AR SRR IR TSR T T2 IS o LAY
& IR A UBARME A TiO,. CuO. ZnO 251,
Hrp, ZRABR(TIO) M T HAARE L. 5L
SEVESR. JoiT Y B SN R 5% AR R T b
]2 R TS RS U . Moradian %54 T
TR REIEE ML SRR ECN 4 mL/L
PRIV A = A A 0 2 [R] 93 350 04 43.29% A1
765195 s HkBEE A T A RARAE I TIK

Wk H . 2025-01-10. BITHM: 2025-02-14.,

HEWH: ExARREE4(52102108, 52102026); HEE 4GRS
TE_E B H (2021M691997);  Bepi 41 & K IR &I H
(2024WZ-YBXM-17).

BHEF: K RA990—), B, L, BIHEE.

WEES: B (1990, &, #t, BEHEE.

MBS : 0454-5648(2025)09-2718-10

T HAE 200 CHRARFR > HCHN 100 uL/L 1] SO.F, Sk
(I R 8.37%. TE KA BRI AL 72 2 A iz i A R
TiO, A7-7E Wi J87/ ik 52 B[] K A0 A i P38 A v S5 60 A
XF RS, AANGEESBR. B4, 0eR
B PO TSR Bt S 2 R AT
WRAGER (Ti5Co) & — PR B —4EMPRL, TisCo M
BHA 2 5 1035 v B Ay 5 U TR R iR T
RISV e e SR AL AT B KT
Lee 25U % 3 T I8 T TisC, IBERE, iR
TR 100 WL/L WP IR AT 21% 08 . X1 % A
fil#s T TG T G RSB R, 7220 FAT 150 uL/L
WSS NAB A 1.05%, WK E AN 249 s/
53's. Kim 2522114 7 /02 2D-TiyC, #4k}, 7EZ IR Tt
100 pL/L REEIZ SR NAE R 0.8%, =il F 5458/
LT EMEUE L B A SRR E M . SRR IR 5T
A8 TisCy A ISR BT 1 7L, HETHR
R AL e B S A R R R 1) 1 R R AR R

Received date: 2025-01-10. Revised date: 2025-02-14.

First author: ZHANG Biao (1990-), male, Ph.D., Associate Professor.
E-mail: zhangbiao@sust.edu.cn

Correspondent author: SHI Pei (1990-), female, Ph.D., associate Professor.
E-mail: shipei7121@163.com



53 25 9 W ik % TiOyTi,C, B A MR K = R A BT N . 2719 -

BT ERER, RTAEFHE HF &80 %00
Ti; AlIC, ZR1F —4E )2 IR TizCy,s FF A TisCy A SCHEAR,
KR T e A AMInARYER, did — B K BGELEA R K K
TRRE T £t TiO, AR, TisCo M) TiOy/TisCy
HEMEL —J7H Ti,C, F#k> 1 Tio, 315,
e T HEAEME RN 55— 7T Tio, 1aE
WO T TisCy, ML, B BT 80 57 5 45 e 5t
AT TisC, RUFHIH &SRS T MR 1%
WA, ARRTHMR RSB R T T SR

1 55

1.1 E#R5iR

ERER IR (TisALC,, 21 98%, 400 H)IWAT4E
SR A AR A A . ERERHF, 40 vol%).
IK L EE(C,HsOH) KR T B (C16H3604Tis 411 98%)
BT E 2R A EAFIA R AR . £EBE K%L
565 E il
1.2 TiOy/Ti;C, E &M RINHI&
1.2.1  TisC, M % ¥ 40mL HF W5 2 g

Al
v HF
24h
|=—=1

Hydrothermal reaction

(1] TisAIC, 7E R VU LM Hea iR 4, 200 r/min
SRS 240, BEEHHATES O ES, KEER
pH=6, TMJEMMATKLEEE L 3 W, B LG
W, 1E 60 CHEA TR T 1% 24 h, DI & H
Ti3Cso

122 TiOTi;C, EEMEHMHIE  FREL 0.168 ¢
[ TisCo ¥ T 30 mL 25 B 7oK o, b4 75 b 2 5
WRFRE ¥ S TEUTE . b5 = 3.06 g 262 T I
BT A oK Bt rh, LBk oK AR, T
HEATHB A MO, AR NN TisCo iR+ . =i T
P 3h, FAE 150, 180 ‘CAHI 210 TR M 12 h,
RN RGBS OB, 60 CHEZ T 24h. )
WS 3 TiOy/TisCo A M KL [FIE TisC, FIFE
o P8 S5 TR R F R IR T TR 1) 5 TR 4B A TiO, 1 XS
MRAH, ASIRNEFE &M T I E A M B & 2 ARl
FE L TiO/TisCa-150+ FF i TiOo/TizCr-180 FHAE
i TiOy/Ti3Cp-210, ZiAH TiO, Ff 43 il b ic i
i TiO,-150 FEfh TiO,-180 FAE N Ti0,-210.
TiO/Ti;Co &M R 2 FE W B 1 FroR o

TN
A
— M VAN
- ~__ _

) xS

T%?
—

TiO,

1 TiOy/TisC, B AR # it FR &
Fig. 1 TiO,/Ti;C, composites preparation process diagram

1.3 SMRIESMHEEMR

13.1 Z5HEME H D/max-2200 B X S8 K
RTSAHTRE S A A, MR A Cu B, B
JE 40kV, &R 30mA. H S-4800 iz K B4
ML AR e TR S SR TSR, I B R SkVe
F G2 F20 S-TWIN B437 5 iy~ R U8 20 M A i £
SIHPIRAE TSR . FH ASAP2460 B LU 3R THIFH
T ALBEBE S AT AR B R AR S fLAR A .
Renishaw-inVia 0GB A Raman J61E 0 B
AhEERE, T 100~2500cm .

132 AR B ERSBRE LR
H, AEWHERZ IR S JE R T B S R 2R
VI SR AR B HMEE , IR IS TE 60 °C T4
PALEBR OB, S8ttt B SEOTHEEE
FNAREE b, 2H 2% s nT 3R AT H BH AR A R A el
IS R

n B P ARAEIE R SR A R B AR AR/ T2
R IBEAEL, DRI R i A 25 SR PR R, 5 2%
FAE R P Ry B LLABR SE SURE S RS A
Rife, BIs():

S=R,/R, M
Kt SN SARMINE s R FE SR 2 <A LA,
MQ: R, WL B A P RIBLE, MQ.

2 HEXRE53w

2.1 MRISRIE

Bl 2 AR L &4 T /K il 4 TiOo/TisC, B
EHABE. TisCo FIEES TiO,-150 f) XRD . HiE 2
Al UL, FE 20 4 9.08°. 18.51°. 27.90°. 60.80° Hf
PR AT S 08 43 I3 2 TisC, RI(002)~ (006)~ (008)A!
(110)&h 1, BT TiCp ) Z4EEHIREEMRHE, X
5 RIE £ R 5P, prl SR TiO,-150



. 2720 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(9): 2718-2727

2025 4F

TiO,/Ti,C,210

A | TiO,/Ti,C,-180

"

= TiO/Ti,C,-150
2 1}0)

E {(002) (006) (008) TiC,
(1o1) 200) .

TiO,-150
L@, @ Dag

| JCPDS 21-1272
w ol
10 20 30 40 50 60 70 80
20/()

B2 TisCyn TiO, Ml TiOy/TisC, E A KK XRD
Fig. 2 XRD patterns of Ti;C,, TiO, and TiO,/Ti;C, composites

XRD i 5 TiO, ff) PDF & /i (JCPDS 21-1272)¥) 4,
1£ 20 fi1F 25.28°. 37.80°. 48.05°. 53.89° 1 55.06°
AR FRIATT SR 23 ) 6 I B R AT 2R TiO, 19(101) (004)+
(200). (211)F1(204)fiTH - TiOo/TisCy & & 1 KL
XRD i 1 BEA TisCy RHIENE, A TiO, TSI,
KR IH & T TiOL/Ti:C, E&H K. 180 C K
210 CHil% I E SRR 20 Ky 4007 45 kb B RT 5
SERIEESE BT TisCo B & B RZI 58 (1) Ti;ALC,,
FH(004) 50 ST H IR, B 2s Ti;AIC, FI5RIE S, 20
9 35°~45° 40 ML IATINIEACER TIC SR, 1X

(@) TizC,

(¢) TiO/TizC5-180

S TS = Ak sk 52 ) HE R,
FHTi;Co MR 1) Ti TS C IR T2 1811
SEAWIR, FEEDER TIC, SRR IR
[1—O FI—F BREFIMHL A, DR IRRRE S
&, MFEEKMEE BT, SRR TisC, #% L,
ik ARk, AR TIO, MTEE 2 1) TIC,  Hrha] iy
AT iR ERR, 0 TisCoy(110)5 (IR IEIE, —
75 T 52 s R s 5 K 7= A A8 ks 5 — 5 TH A AR B
(1) TiO, F TiC frfEds, [k, UgsmEskmss .

Kl 3 24 Ti3Cyv TiOo/TisCo A MR
EBSEME . I 3a mIIL, 45 Al JRF
EHOEBEEZI, ESZZ R RS, REDEH,
WA LS 2 SR A A 1 TiO, kL, S0
ST RERIREE R, N TiO, 4K Bk i 1 B4Rt 3
EEH. BE 3b TRUEH, KBRMNZE, TiC,
(2R GERIMASR A, RINTE)Z 5 2 2 TR A kb
AT AW ZE BV 2 RAR 4T 50 nm A LU f) 44 K S5
Br, X JE 2 AN K ITRL 1) 4775 BBy 1 T TisCy
FEMMERL. S5AHFERRE S % M2k Tio, AL,
TiOy/TisC, E AWM B TiO, Tkl N ~Fi, %L
FAWI R, R TiONTi;C, EAMELEAE K
LL R AN . I 3c. B 3d AT L, BlE KGR EE 1)
Fhimr, TisCy FRM 1 TiO, F0RL B 38 n, {E50R ]
RIG

Inset TEM is TiO,-150(left) and TiO,/Ti3C,-150(right)
(b) TiOx/Ti;C,-150

(d) TiOy/TisC2-210

K3 TiyC SAFKPGRLEE T TiOy/TisC, EAEHK SEM [T
Fig. 3 SEM images of Ti;C, and TiO»/Ti;C, composites obtained under different hydrothermal temperatures



53 E%E oM ik

%

TiOy/Ti;Cy B AR R il £ % i & U AT :

2721 -

TisCy RIS IEI) TiO, FURL AT LIOA At 21 ) <
Oy TIRBETE 2 S PEAL R, AR AR < T
A RE o

K 4 N2iAH TiOy. TisCor 5AFKHRE N 15
B TiOo/TisCy E AR BT PPt PR 25 i 2 A1
fLiE . HE 4 AT, TisCo RIS A f T
SRR, TiO, K TiOy/TisCy B &M ER L H S 7 K]

60 —
08
io 50 éns
= 40 £
3 7
Fg 00 'g,d’/
% 30 B 0 20 40 60 80 100 120 140 160 /0/0
< Pore width/nm ,o’:/ "
_o
£ Surd981mfg oo e
g 20 o "
= g&‘
& __.a-‘"‘rr —=—Adsorption
10 —e—Desorption
1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(p/p,)
(a) TiO,-150
210
180"
H
150 F=°
s ~o*._,_,~‘_°\‘
120 - "}

0 20 40 60 80 100 120 140
90 - Pore width/nm

Sprr=123.38 m¥/g
60

Quantity adsorbed/(cm?-g™)

—a—Adsorption
—e—Desorption

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(p/p,)

(¢) TiO/TizC,-150
90

IV EEIR 46, {8 FH BET J7 A2 vt S alRE 1 L R AR,
M TiO2+ TisCo AN E T 1 TiOy/ TizCo &4 KL
I LLR TR 275 49.81. 4.53. 123.38. 99.40 m¥/g
1 62.12 m¥/g. K BIH AR SORE & (1 FLARFR
MLAR oA, 1 bR AR 5 LA 2 A 8 2 A el
M, EKMEEE TIOTiC, EEMEHE4IM Tio,
A TiCo MPRHE R AR R E BN, 1X FE AT TisC,

et *)

]5 | 0.00

30 60 90 120 150 180
Pore width/nm

10F  §,.,=4.53 m¥g

Quantity adsorbed/(cm*-g™)

—a—Adsorption
5 —e—Desorption &
P
()m= 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(p/p,)
(b) TisC2
150
0.6]
2120 os jf
*}: /
"‘g goz °‘°:I
S 90 ’
E 0.0 “f\\‘\' /
= o
a 20 40 60 80 100 /
T 60} Pore width/nm
2 Sper=99.40 m?/g
§ 30
e S —s—Adsorption
—e—Desorption
0 I 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure(p/p,)
(d) TiO¥/TisC>-180

o
=

80

S
o

70
60

=

T Pore Volume/Em* g 1)T
=
o

o
o

50

e ¥

0 20 40 60
40 Pore width/nm

Sper=62.12 m¥*/g

Quantity adsorbed/(cm*-g™)

9
80 100 /

30 >
201 = / —a—Adsorption
10w —e—Desorption
1 Il Il |
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure(p/p,)
(e) TiOy/Ti5C,-210

B4 Z0H TiOys TisCy SANFIR IR B T 13 2 TiOy/ TisCy B AR U Pl PR A58 26 A0 ALAR 3 A

Fig. 4 N, adsorption—desorption isotherms and pore size distribution of pure TiO,, Ti;C, and TiO,/Ti;C, composites obtained under

different hydrothermal temperatures



. 2722 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(9): 2718-2727

2025 4F

B A, TiOy GIAKKLFIE TisCy K1 L= 7] (11352
1, TiO, KK HIER B AR . (HBEAE KR
FERIZHT e, LR AR ELZHRD, EER BT K
PO R, Tio, W2 NEUEHFRINE,
LR AR AN o K bR TR AT DL S AR A3
B2 AL, AR TR B BT

TiOy/Ti;Cy, HAMEHERILE HA Y0 b =17
W, X R M SLAAIRHE . A I 0.4~1.0
I, AR I R E LG, BEERAMIN TIO, 5 & M
T FE RN P BOLALBREE M AR . [F]I TiOo/TizC,
BEMEHOFLE FEEPLE 0~10nm, J& TN UL
g, LA SR I HH S SR I B B PR A T
NHJEER R —, EHRE TRV SRR 5
fik. BB 4 IEPTLIEH, FEd TiON/TisCo-150 fHLLFER
AR T HARA R, ~PFLAR RS A AR oAt
Mk, RIS e R

Bl 5 8 TisCy KA EIKAURE R AT A3 TiO/TisC,
ZAPEHY Raman Yeit. mFE S AT, 144, 198,
398, 513 cm ' A1 640 cm™' AR EHI S %R Bk
W TiO, 1) Egys Egays Bigs Aig M Ego dRBIHE.
X R WKL T S AE /K i F2 rp AR BT B Ak Y
TiO,, [FIH B L 1 T i iR Bl W M 1 ot o
TiOy/Ti3Co-150+ #ffh TiO,/TisCp-180 FIAEE N TisC, 1E
1350 cm ' AT 1590 cm ™' &b 2 AN T8 FRIAR B4 3 il ) Rk
JRF 1) D UERT G 0. KGR TR E 210 CHY,
D WERT G 1§ LT R, — T2 T TisCy K 2
FJ 4 7 AR ) TiO, 9K BORL AR 78 5 57— J7 T & 210 °C
FR AT TisCo R 2R 5 30 73 A AL BR TiO, JURE
TisCo A AE N B, 18R 715 5 SR 5P,

E

()

E AlgEem

2(3)

B,,

TiO,/Ti;C,-180
TiO,/Ti;C,-150
D G

TiO,/TisC,-210

Intensity

Ti,C,

500 1000 1500 2000 2500
Raman shift/cm™

K 5 Ti;Cy MAFZKIGEEE FHTE TiOy/Ti,C, E AR
Raman Y1
Fig. 5 Raman spectra of Ti;C, and TiOy/Ti;C, composites
obtained under different hydrothermal temperatures
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Ox(gas) —>0x(ads) 3)
Oy(ads)+ e —>0;, C))
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Extended Abstract

Introduction Ammonia is a toxic and harmful gas that affects the environment and human health. It is thus of great significance to
identify and detect ammonia and its concentration rapidly and accurately for human health monitoring and ecological environment
management. TiO, is widely used in the field of gas sensors due to its advantages of good stability, environmental tolerance,
non-pollution, and outstanding contact reaction properties. However, it is gradually found that it has the disadvantages of long
response/recovery time and low response value. MXene has a great potential in the field of gas sensing because of its large specific
surface area and superior electron mobility rate, but its response value is rather low. In this work, TiO,/Ti;C, composites were
prepared by an one-step hydrothermal method. The synergistic effect of semiconductor properties of TiO, and excellent electron
transport performance of Ti;C, was analyzed.

Methods
MXene-Ti3C, and butyl titanate as raw materials. The physical phase, surface morphology, specific surface area and pore size
distribution, and structure of the samples were analyzed by X-ray diffraction (XRD), scanning electron microscopy (SEM), surface

Ti0,/Ti;C, composites at different hydrothermal temperatures were prepared by a hydrothermal method with

area measurement based on BET, and Raman spectroscopy. In addition, the ammonia sensing properties of TiO,/Ti;C, composites at
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room temperature were also analyzed.

Results and discussion TiO,/Ti;C, composites can be prepared by a hydrothermal method. The XRD patterns indicate that the
characteristic peaks of Ti3C, and the diffraction peaks of anatase TiO, both appear in the composites. The Raman spectra show the
generation of anatase TiO,. The SEM images indicate that TiO, nanoparticles are uniformly loaded on the interlayer and surface of
Ti3C,. The agglomeration of TiO, particles becomes more severe with the increase of hydrothermal temperature. The N,
adsorption-desorption experiment shows that the specific surface area of prepared TiO,/Ti3C, is much larger than that of Ti;C,.
Moreover, the specific surface area of TiO,/Ti3C,-150 is the largest, but it gradually decreases with the increase of hydrothermal
temperature possibly due to the agglomeration of the generated TiO, particles. The gas sensing test results show that TiO»/Ti;C,
composites and pure TiO, have responses to 100 uL/L ammonia at room temperature, while Ti;C, has little response. The response
values of TiO,/Ti;C, composites are significantly better than that of pure TiO, obtained at the same temperature. Among all the
samples, TiO,/Ti3C,-150 has the maximum response value (i.e., 8.37). Also, the response value of the composites increases with the
increase of ammonia concentration, showing a high linear correlation. After the stability test for one month, the response value of
Ti0,/Ti3C,-150 to 100 uL/L ammonia is only decreased by 14.1%, indicating a long-term stability. Compared to TiO,-150, the
response time of TiO,/Ti;C,-150 decreases from 43 s to 28 s, and the recovery time reduces from 49 s to 37 s, manifesting a high
selectivity to ammonia. The stable gas absorption/desorption reaction of TiO, and thesuperior electron transport rate of Ti;C, can
enhance the response of TiO,/Ti;C, to ammonia.

Conclusions The nanoparticles of anatase TiO, were supported on the interlayer and surface of Ti;C, by a hydrothermal method. At
the hydrothermal temperature of 150 C, TiO, particles were supported evenly and agglomerated weakly, with a greater specific
surface area and smaller particle size. Compared to pure TiO, and Ti;C,, TiO,/Ti;C,-150 had a good response to ammonia at room
temperature. At an ammonia concentration of 300 pL/L, the gas sensing response value of TiO,/Ti;C,-150 was 34.77, which was
greater than that of pure TiO,. In addition, TiO,/Ti;C,-150 also showed a rapid response recovery rate, a good selectivity and a
long-term response stability, having a promising application prospect in the field of rapid detection of ammonia at room temperature.

Keywords titanium dioxide; titanium carbide; hydrothermal method; gas sensor



