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Abstract

One-dimensional (1D) titanate nanomaterials, by virtue of their distinctive crystal structures, excep-
tional cation exchange capacity, favorable semiconducting properties, and high specific surface area,
have demonstrated substantial application potential across diverse fields including photocatalysis,
electrochemical energy storage, adsorption and separation, and sensing and detection. This review
systematically examines the crystal structural characteristics, principal preparation strategies, and
underlying growth mechanisms of these materials. Particular attention is devoted to the key regula-
tory factors governing hydrothermal synthesis, accompanied by a critical appraisal of multiple
growth mechanism models—including dissolution-recrystallization, the rolling of layered intermedi-
ates, and the oriented attachment-Ostwald ripening cooperative mechanism. In parallel, the ad-
vantages, limitations, and applicable scopes of alternative synthetic routes, namely the template
method, sol-gel method, molten salt method, and high temperature solid state method, are objectively
evaluated, and a comparative evaluation framework for these preparation approaches is established.
Furthermore, a synthesis-structure-performance correlation perspective is adopted to deliver a more
nuanced commentary on the interrelationships among synthetic pathways, microstructural features,
and functional properties. The research progress of 1D titanate nanomaterials in photocatalysis, dye
sensitized solar cells, lithium/sodium ion batteries, catalyst supports, and gas sensors is comprehen-
sively reviewed. Finally, the prevailing challenges and developmental directions in this field are sum-
marized, and an outlook on prospective research trends is presented.
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1. 5|8

PUKEARE 20 LR HZ G, AMEKEIIF AR . 20 4 80 H-AX, HHFEE BIE.
JEF 71 WA B I, RPURA R BOCEERAE F B, HESNZ AU OE K . PR BR I B (S R
e liG. @H. BITHR. BT BA. ERj S 200, O & B S s R ] S ) BT
[1]o HEXN 21 e, FAELDEE T Y. 5. GRS 15 BHEAREAT ) HE B LA 2]. Joas ik
XSPRPRERT 3R P2 2R, —YEERTR SRR AR A MR (W 2540 5 ERE . OGN OK A ) A ) i 22
WEFERT AR [3].

—YEERIR SR KA LR T TiO ATAEThEEM Bl . 1998 4E Kasuga %5 N B VCR /K #42: BL TiO, A JEURH
KR SRR, HF R TT I FE R (4]0 1 RADRL R I — e gk s . e e, ET
Tt ZAUREEMRL AR RS L DS T IR R AT SR . B R AL, BRIERER A AR L B
T&JE . SR UL LARR E s ARSI B A SR (ATIOs) s ZREE A1 (ALTiO) JZHR(A2Ti307).
FREEA(ALTR07)VUSE, A ERAKER 2R KT U2 HESE 5 98 H 1) BH B8 A8 e Pt BB AS 2132 J7EE[5]. 2004 4F
BRGNS H (6], BEParah—4E. C4EGURMRIE . YRR ELE R S 1R, SR EE
U, MBS SRR, oM. B R B A AR B AN
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AR, —4ERREEARM BT SIS 7 i 2 EEERE . Liu 5[5|RALRE 7 2RI #h A 3]
B —HENR T AE G AL« IR PR AT R A 27 S5 U ) S W T FEHEFE o Sakeer S5 7] 4TI 1 /K # A BRAERIR
RO BB & SRR ] A AR R RV AMBUGE 45 Ji AL R 2 PR )X P M) PR BE ORI, 418 HH K 4
SRR NN FBOIINE R A B 25 . DU D FCIESE— 4EERIR ERAE A HLTS VDAL AR . B
BHELOKFRRE b . AR/ T Rl il . AR IR R S TR R R IR . AXEEEH X
Wk, FRGEEAE —AEERIR ER DK AT R AR S5 . SRR MR R RN BRI X AR KA T 33t
TR,

2. —HERKRR R NKAT R RO A FHE
2.1. GERMBE 7 R E—HERBRBEAKMA R

SRR 1E = 7 P 20— A F AR RS (1~100 nm) PR3], B0 22 4 0 25
BUEAORIRD . —4EIPRE AP 90KHR), ORI . — A9 bR 3 5L AT LAy
NPRL (AT KAKAR ) GORAECH AR SRR PR [8]. — 4Bk 451 A Tion 47
A, TSI LiE =K B (9] [10]

2.2. REREBNORBENS S

ERTR AR 10 SR S5 F R AL S SRR S5 40 . AR A BRI G A 4%, o 2 RECER £
SRR NI TEE R [5]. BUA I T IAy— GEER TR R 1O0 45 A RS R T 2 IR 06 4 B B R b i R ik, fR B
JRA JEREBE[8], FEARLER L ITN TiOe /A, It T AU IR )2 &BHE T
TEEAME, B0 E5/E A,0nTiO; B A-TiO, (A i Na. K. Ba. Ca & JE) [11]. DAAREKER 2N
i, HEER B 2R, A4E NayTi:07. NapTisOo M NayTig013 252 R [ 12]. Bl 1 4 NayTi;07 2R i
REER, JFRUZ B IE VTR B TN, B a8 5 — 49 R 45 R H A0 25 5 45 10 2

Figure 1. Layered crystal structure of Na;Ti307
1. Na:Ti;07 B IR SR ik s

3. —HREREARM B HIGIETT
3.1. K#E
IRITE A B YEBRIR SR DR PR 2 . BRSO F-BR(9] [12] [13] 5% P85 7 48
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W, BTSRRI A R . BUZAER, BRI B AR L. KPGE EERBMIT[14]-[16]: (1) ¥
B R 4> FAth 7 VR ME IS B MIRFER AR, 25 PR R BEOE AR IR SRS (2) IROBLIR AR R, mT ]
FARIR IR B SR A s (3) WAL AR &, M I B AR (4) (R SE ARG LR - T T 454
AR,

ZLE LD TiO B N R, 7R BRI A A RN 13]0 BRIREE . RN BE . SRR A]
RTORAIFP, DARJGERIRYE . MBoefE i3, #R4 B SR WA S TSN 7] (9], HBLRER: K Tio #
RN BT NaOH VAW, TR HE N KIMERALEE, 85t TS H0RE sl = MK 5 eAtii .

AR KREHE T R A S 2 B 2GRS E J0d i, AR MRS &4
— NI, AFENE S AE RN A R B S RS, ERRRELITR.

(1) R - B4 HER (Dissolution-Recrystallization Model)

AP A R, A R [8] [12]. SRARm IR h TiO, JkimiRE, OH BEXCHIR Ti-O-Ti &,
A2 ATV PR ER R AR B 1A% s 080 A KRR AR 55 -k B A A, BB Az Al 2R NaoTisO7 s A [14] [17].
AR AT DA« LR PR B BUREAN R, TiO, I RFEFE AN, ToikA i —4E =4
DR, ARERERIAME A, [FIREIR AT o (EZRE R R TiO, 152 RGK FT (RS, ARSI
Bk 25 i AR, DL . 9k ek 2 [ TS .

(2) B8 44k5 iR (Rolling/Wrapping Model)

A BILE TR - PGS SRR AR R IR R K B I R [8] [13]0 AKFASEAL AL Nax Tiz 07 2 RGK B
A BRVEIEFE 2R Natht H B ¥, KoFREGRAN, ZERES K, F2RAERE: @Egek R %
R IR T G B, TR Z BT 9K . TEM W B GK -Gk v R &S Al e i L,
[ ) i B B X T- MoK A T BT A B o (A W 70 R AN 28 B 0 DBV A R 26 (R R T AT B K e, t
WGt OK B IR B s ok, B RGN )5 3R T R S MR o

() ERME - BITFL/RERL Y FHEZ(OA-OR Cooperative Model)

AR 3 BT ROK PR AR S TR L . 9K R SR . KBRS ], O kR
RGN IR T T P, WY D SRR, SEI— 4R P AR K R SR LR PR LR S R A
INEBRLE R KPR, PR ESN, EFRaMmA%E . iR SEZE AR, A N g
1, MU AT DUARREAK 5 S RIIN TRFE9KE . 9K . 9K ERIE PR & SEIO IR

@) &K - HH - A% - B AR (Growth-Split-Wrap-Thicken Model)

Bavykin 25[18] [19]2& T ZFIESHI R GOMMEE HAFENLEE: NaoTisO7 AL —4EE K, s
RGO GRS IR RANRE, 5B RN RS AR E . S BN R TS AE IR —
PSR ol o N o) K e ol T S = 5N 735 A L1 N S G WA o S i P T s
o MR ESE PR, (BRI T ISR IS0, Bb 5 A R AF K B IR .

PAE DR HLE AR EARHER, 43 Bt R AR FIF B B AT 2 SO LB HEWT R S IR IR AL TEM %
fiE, SRODBARIR A S SR XRD B4 FRIE EE ;s ANE] TiO, BT RMR(BLARE . 404 . P25 JRAH) SR 0T
A% K AT R Z R L. RREE B EALRAE S 9 T3 SR, A B T A2 B Y
B —YE T SUAE B S B T A

3.2. EHRGE

BRI IRAGH PR G BN A R TT 52—, BRI T A& MAKE 2] [15]. %77k ]
#H A RHETESALAR R, AR5 AR (LR BCR T URR B AR AA kL, a5 BRBRER G R A BOY
BIAR G . ABRBIES & T 2R, RgREERR, FRIE, RN, HIKREE2HR
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WAL AN SR I BR 1 o Zhang 5 [2015K F BCREREAR 46 Bh IR VA R - eI T 256 i T A AL il gk s £6
JE T 1A ARSI BRAA LU A3 AT S ER PE AOV 45 R PR B 4
3.3. BER - BERR

W - B iR — PR A T . PN, ERFERNSNERUEY, BHERTIEXE
Fp, S ER AR LR AL, AR A FEAE B AT R 4] [16]. TR - eI 4 (KR ok
RINAT 5] PRI A2 /N « Gheorghe 25 [2 1 1R AEH VA IR - #Bevk, PATD &AL ER(TiCL) A AL A (NaOH)
NATIRAK , 454 160°C/KIAMRAL 24 /NI, G Ih A % T BA RORATZRRTE SR AR R BT, $:43 T NapTinOa,
(=3 F6REM, SRR TLN 22nm. BiZFERBRAR, NS GERRE A, SR
MR R E S, HE ek, ANEAT DIl ibAr=.

3.4. 1BEhs

fa ERiE A — AR & AR ST 1 7 ik e 205 A P AR R ER A O S S T, A R S A
DFKT BIR A BOREA TSI ST o 1 3R A R PR S ST P v S 7 T R AR 45 40 2 ST
PERIBURL RS AT . 55 AR S SIAH BE, 8 BR300 SRAG S0 0 P 285 SOV M SE A FKORE o 1277 TR VR T
i, 5% RORE RV AR 5T, FE IR ER AR SR L SN (] RO BRI TS Cheng 55

A 7K A I ER ARG AR 45 5 B 5 0 T BRIR B - BRI R AL, AERBUGE I RE R A AR
E@Eﬁﬁxﬂ%fﬁ%?ﬁﬁ%?ﬂng, JTG 2 E e E AT WOGE I A RBLH AL TR P25 WoefEfLikRe. HDHR
FER SR 6 1 LB AR I — BRI ER AR G 1, WL T HRO R

3.5. EiREMEZE

o it A A DU R O RS T 7, R BN I S T e 1T BN SRR ST R A
WHEDERE, E IR, Ha iR m R . HAL ARSI TR FURHERER . & A
&y AT DMV o Sk OB B ey IR . BERE Ry BR ARTRIHL K HE A RN B 50 ez L
R AR Y 2 200K . JERHR 2R 2 . Usman 552313853 DFT 48 3@ EIEG L T — RV A 2045
PR AR EL, Dy v il B ARVE I A3 L 1 PR 45 T Sravanthi S5 [24] 5% F Ryl [ S i3 & 1 5 Bk
TR P AL, RGHTIT T CeOr 15 A XA RIS K A1 BE K SEME -

3.6. NEIBIETSERNX LS4

ONAE T T MR A S 75 SR IEFIE B A0 46 MG, 2 1 VDA 5 AP & 5 L M i AR, 5 (T

TOH E G KPR RIEFE A R 2K

Table 1. Comparison of different preparation methods for one-dimensional titanate nanomaterials

1. —HESKERER AR R AN B & 75 A RI RSB

it E 4 A TR BEARIE B - BERE JE R iR AR
BIER I fi =ES 4 fi fi 5
RSB H1%(100~250°C) A B AR 17 S5 RREHSE  hEEEE &EE9000C)
FEYITES R4F e 5 (SR BR ) RAF R4F B
2. JiTp A N ) %% % 7N
FEYI S R4F RAF 5 5 B
JERb R AR (94 %% = % {193
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SRR Rl BT BOEEEA) R BT
AL S 4 i i P %
WA P | WAL B ORSE. TEME. T
ERRA & B e Gt AR o PR Wt
SHGUR. VR TESA BREORAR. BE. BRER o
EEHA SEFE A 2R R gy L BURHLR

3.7. BIEFEMNNRNGHNRERES “HI% - 549 - 1H5E” XK

RSO T ZABERTIL TR R TR . R, BEVSERPRILFI MR, IO, 4
ORI I - i - PERE” SRS, FUFTRIL B TR < S L JRRA
LEAES

(1) KHE: GBI LER “ VR - B LR, PP KRR, TRoB, ELIRE T
ARZH 5 PLCATTRL. M Bk - BRI LS RURHE, I HTE S M F BB 36 Y T IR
RV T 0 SRS R AT, (655 BB b R P PR TP R A

() Bk SR SIS, (B RIS 3 AR, B Rk, R
BUI. SEOMELET 2 1 8 R A U R 1 BB PSR, (LA 7 T
PG

(3) W - BERHE: AUUERTES TR RA, P IR, SE & A4, (EGRAL
S E A SR BN, B T ARG, T TR S A R R I
SR, — AR T K Ao RIS ALV T4 S

(4) fEhYE: KRR O TIR BEAE 1 MR TS, TR, BRI, (FSF R
FERERF, HCREBUEFT FM: BEminTse e, RUMERET S TREMIER . S T ERS
IR R R

(5) PEEBANE: Y BRI R R, R S SR AL, — AL
AR, BN, HRTTBURIC. ord i RiE I, RIS T L R T R,
AT PRI S B

Gk, %K ORI G - VEREZ IO, PRSI ROR T BPRREFERL 5 M F AP
et g, RIIRAONE, BT WA TR A4 T 2 (kA - KB A2 Ttk
B L, DU OB AE SR L FARPERE AR 0 S, SR BB AL T IR KO FIER B & B 2
SRR — IO, AR AR RE e
4. —HERBRERAARM RIS RES R A

YRR AL SEA TR OG0, 1E ST RIS 1, Wl 2 .
4. SHhEd

(1) TAEBE: 5N FRER A T SR REEII, 0 b FUWORBET & 9, 0 7E
AT A BARLPER AR, SR TILR BRI, %Al BB LA LIS Rk 5 T

BT R HoO/OH S AR leFeE Bt 2E(-OH), i i T I Op S MR BB AL B 2E(-02), IR EETEH Al n]
Fe B KA RYMET N COx Fl o0 —4EERER R L AAILAE . i ER AR BUR BRI AT —
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gEmiE PO TS, BRI T E S KRS T BEEESE N 5l N REZL, $h g
WA R o

(2) REBMERRTRdR: MR CGEE R RN BARTS I LB E ) RWRBPDERHEE k (min™!, @
WOIMEUE—HBN J1%) BT REEQE, NS5 RN FHEERBOETEZ ). B FRE & KGR G
O3 T AR B 2 LUK AT D6 S B g o 7E 5 AL S v ARG EE I, Degussa P25 (BLEKHT /4410 A1 1B AH TiO,
YRR, LR THFRZ) 50 m>/g) 2 f i F I S IR bR ifE

R B

FORHEAL A BH fE i it

o REIRIK
® (Rt A

® BRI RY
. A4 RER] [ R A ﬁﬁ%ﬁ&_‘tﬁ
o EKHARmM

© ARG KN BT A

® EAhrERm AL
b by

/B T i
S
© FHE TV A
© RIHEIFE M

© ARIR BT I o
© iy 2 B2 R

©® PSS EK
© G

Figure 2. Main characteristics and application fields of one-dimensional titanate nanomaterials

B 2. —HESKERERLNRA L0 E B4 B R A sl

(3) AR LB SHEEXTEL: JTER, —4Ei 48 /SRR B (U0 KoTisO13 NaoTieOn3) Kl H mfb 25 A0 1
HURR ) B8 T A8 3t i, FEVS YMBRAR S Ho 4272 B CO, 38 SR AT 32 3102 S50 [25] . FEPEREXT L7 T
oy — YRR ER 9K 45 M IR e A TE M A B L 2B B H P25: H 4H3E HoTisO7 99K 41X & FHIH B
(RhB) )/ i 5 40 5 P25 AH B H s BRIR 2h 40 K 2 Xt &5 & X (Crystal Violet, CV) [ B f#AE pH = 3.
EAHMEIR 35 min 2508 R AIIA 100%, 35 PR3 & T [F 25 4F R 1 TiO, KR FI 44K 7 [26]. Cheng 55[22]
I K — s BRI FH 1] 2% R ER R B — BRI 2 G AR Ak 7], 7E w] WS Bl 9 A0 P R AL T35 FH P25
FRERA TUARER R SrTiOs) M KA A M RIME S AL 4 o il /K STt S T B, il 15 R sl i 57
Ji &5 RIS I AT L Y
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@) HEHER: © HAEBRTEES™E, EFREMIK: © AAKEREWIRTE, (LReFIH %M
BRPE O AR SR, A E AL @ BIREGMKIIR N 5 A, EHRREEAE; @ f
AT KA FE A 2 [ IR 4

(5) BUHREE: O WERAL, SEWRLESER. RERES, SRR TAE; @ i TR, o
BERINEEESAUTE, PEDCRINSERTEE6: © MBS, Hil& S KA G — el =4
FEgl; @ WEFAGKEE, HE MR AT IR, RO R B R .

4.2. FRHEIL KRR

(1) TAEBE: Jrbiib K FHRE I (DSSC) 3 95 i B 3 L IBL(FTO/TO) M B I IS . el ik
(24 AR EBA R« F AR R A AR DO B0 2 k. e AR BN K FHOGIR S, Yekl oy 7RO 1 3t
BT BHKE(ST), WRE BRI BTN SRR 29 AN FEL SR L2 S H
LI, 8 AN BRI T AR BRI s R 25 L T IR AR AS GRS ) H HLAR BT T ) SRR TR LG B
U/ )E R A, TSN L, LEXNBRA R B FHEE N T, SERdE . —4e8RmeEh ARG a1
s m LRI AT Gkl b & —4E@E ik e, BRREAEA.

(2) REBHEREIEIR: JCHEIRECR(PCE, %) FFEEHE(Voe, V) FLES LI (Jo, mA/em?). HFH
F(FF). M7 B (L, pm) T H 7167 (o, ms) o M4 DSSC FEBHMR H 2 MATEHE TiO, 49K HBURL(P25
B E A BN gk, Hii A PCE ZEFRUE AM 1.5G YIE RN 7%~12%.

(3) W seh 5PEaEx L. O’Regan Al Gritzel T 1991 4E ¥ VR TiO, 4K 5 AT A6 AR, 52
T 7.1%~7.9%MIRERFLIRROR[27], BE T DSSC MHARIEA . —4EERFRERAVKRE . YKL EBHAR R I
HEEAL R I YRR RE T, WL T3 B RS B AR T ORI . VIR - WM ol 46 — 4R ER TR 28 FRUAR A LU A% G
RLEAR, R SCRIE T 15%. {H—4EERIR 3k LR THI RS S R R, 22 B3 s e B e ek S
5%~8%, A TEERBURL A R HARBARIAE RS 5 8, SR R AR I T DAZERE = 20h
T

4) TEHER: O LRI FEIR MR TYORBRA R, RS T HRHIRM Ises @ 4Kk
IR E R % T 2EE A KRB SIMEZ, ML SIRA ST EHIEHS; © —4eghi 5 fER
(Bl T AR ST B/, 15 7R NI B R T RE A PR IR @ 2RI 3h 70 IS o At T3 Hh K A 27
FRE MEH FEIRE -

(5) BUHIREE: © —4E/YURIRLR A6 FE AR LA 0 Eb 2 BRI G b B, SHE OO i 2006 5 I R 2%
& @ i TiClL Ja A FE BB ALO; AL BRI AZ, MM BE R A @ JFAH AR, Hikkd
fRIT, PN —YEEE R AL R AR @ B K RGEEEAE FTO AR K IR EHESI I ER IR Sh 90 K 26 [
H, THERBORLA A, R B TR .

4.3. BB FHBARAE

(1) TAEFEHE: F4E FHaMLIB) Y, FRAREZSHFHRA Lits HORE bR Lit, HTAERA R
P H e I RE R T S 2t BRI FOoE Ti%/ T Sl T SE3L Lt 0 ] 3 i N/ e
i, HLARMRF AR AR LisTisOrn (LTO), FHAHRHEHEALF G 1.55 V vs. LiY/Li, #REIFEN LisTisOrn +
3Li"+3e — LisTisOn, HABWI LT NEF( “FNAE” Mk, 9T HSIB)F, IR Na;Ti:07 /2 i
FACE R AR IR 2h Mz, HOP 64N AL 2 0.3 V vs. Na'/Na, A H BT CRIEKER 5 Bk, BEiG Erl N
2 > Na“E i NasTis07, S HIEREL 177 mAh/g. — L5405 B 71 BUE S, M EEs: S hiEg,
Srrhi i i R R, ORISR S5 RE(28] [29].
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(2) FEdEaetats: LA EmANg). TAEBRAMCFEV). R MERECR R RS & N A B R
), EHFHER) o B E SR ACE, NG EREE M%) RIAFUE 2 (%), Blkik LIB fiflk A sk
FEHIBERE 372 mAh/g, TAEHEAI~0.1 V vs. Li*/Li), LTO &% Kb fbkAtkl; SIB mk ik 7k L
B My L (AT A 300~372 mAb/g, TAEHL{7~0.1 V vs. Na'/Na).

(3) T Ehl S RERT b R4S 7 AT, Nurhaliza 253014538 7 AREREE KX 4% 7 5 24 N fb
MRHGERE, $8H LTO R mfee AR 2 v o Bl S AR, LTO B A RN 175
mAh/g, BEMLT A5 372mAWg, H 1.55V B TAE AL E04 it H i R PR RE 2 52 PR
{H LTO ) “ZNAR” Rt HAG I 7 il A S2 (TR 5 IR A 1), Homy s e fe 78R T il ek
5, TERFAKE MG H AR E L fERE ) CSCIE AL (W4 2 SCiB M), —4E4KIR
ERYPR LS (U1 LTO GKE/ 9K E) @ 4% Lity Bk A2, mIfELRRF LTO 4 PEMFEIR 2 i R 1 Be .

TEANES T H AT, NayTi;O7 B HARAE B A7 (0.3 V vs. Na*/Na). KJZ 8] #E(~0.84 nm, G FF Na*pt
RN )RS ARG, B R IRA TS SIB UM B3 1], Xia 5532418 i 5 2 ERR BN 4 oK
RO 0 A E PR S R e e e, — SRR RS AR T Nat ¥ B BS . Chen 55[33]4534 744
ERIR £ A AE S2br SIB A AIHLE S Hkbk. SR, SHEBRHIEL, NaoTisOy [ SZhr al i 28 B3l % 7 100~200
mAh/g Ju [, (KT HIHRE) 300~372 mAh/g;  H. Na;Ti;0;7 FJHL L S 3AK(~1073 S/em), 5 BB & R WK
(HE <70%), Na'NJ5 ZREM MR E MG HEL . EFEZSBb Ak, SR8 Eh R R I A e YA
ISR KU PE RO ST s (34, EHERAT BRI 4 ft A B AR IR R 7 3] 245 LA O vt R 0 A 3 1 1 1A 3
BE[35].

@) miEHkER: O HAEEMIK: Tib& LTO (175 mAh/g)it & Na,Ti;07 (~177 mAh/g Fib1E), &
FART RN, RS 7T AEbEREREE; @ BB SRRRAMAESRIEFELE 103~107°S/em
B, MEBA SRR @ 1 EECBERM: EAREKER R 1A T s BNRT SET Y BT FEK B
WEPE Na'/Lits @ NapTiz07 FRHAL0.3 V) EAH T Re &% 5, (HET i dhr, £ RKHBIRIRA NrEE
Wrin e A fa .
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(3) FFF LB SHREXTEL : Idakiev SF[36] R AL - BERESI % 1 3951 40K & (Au) AR IR 2h 4K
MRE, FFARE KIS AR [ N (WGS), HEAGRICR 2 850 . BRIR b A 5 Bt & 8 2 [B A7 E SMIST R0,
R AT TE s P [ @i e O, B SR R RIVEREAR T 1 v-ALOs #fA . /K HERER Zh 9K
EE R AR AT IE 200~400 m%/g, KSR B A8 4 v DL S I B0 S -2 4 ) 40

4) mEPkiR: © #FEMEAL; EARECIR B AR & IS R BUR B A AE T (>500°C) 5) kA 45 #4553 Fl

DOI: 10.12677/ms.2026.169179 27 PR R


https://doi.org/10.12677/ms.2026.169179

Mms %

[ TiO MIAHEEAE, SELRMEZUR T M BBRRIR . @ PR —4E9R a5 7E =
B S SE T B R SR ] 5 PR S S i T B AR 5T . ) MRYE R T IOARE MR ZE ;s BRIR 2R 7E SRR
PSS R AT RE A R ] FH S TR, R 2R S R s @ AL 4 AR o i R T AR BRIR
SRR BRI AL 2 AR T 2 2 v TR y-ALOs 5

(5) BUEFEmS: O Siv Zr FEXRBAESANY), IHEENE: @ RETERME. SRRk,
ARG © fEbe. BERRACRTE VSR TR IRASE s @ M S 7 S0 # 55 SR e i 1 T ARG
AL

4.5. SFERE

(1) TAEREE: HFH AL SR AL BS503R AR B - S A I SR S 8 SO TR B, S B BEAE
SR n BUEKIR Eh Bl ol JEU M SRR T, FRBEL R B Bl SR SR BT . — SRR B A B
R T AR SR AL T = & 0 SRR BRI S BT pit s — e S5 R I KA LU I T BT 7E B AN JURL N ) A%
i, WD i A R T s AR RSN RS Debye KBS AR SFRTEG,  HEANRURL AR AH Y AT
S 5SARM R, TR 5 i R

(2) FREBHEREIEIR: REUE (S = Rui/Reas X Ryas/Rair)~ WA NL/AK K I 8] (s) HALAM PR(LOD, ppm 5X ppb
o)~ IEPEPECH HAR SRS TSR M0 B E)  KIIASE A TAERE(C). AL SRR B8 A
BHI4E SnO2. ZnO 1 WOs 58 R, I SO, 2 N i) V2 1) CO Aa] R R AL B Kl

(3) FAEGI SRR L —4EERIR ER YK BT T4 How COL O B2 R, A B AIK
£ HBR ATIA 0.05 pL/L (B 50 ppb), PEREWESEHE 776 H SnO, A A&/ AR (% LOD 24 1~10 ppm). Rama-
navicius % [37]458 T 3 ARSI AL KA AL, Fis R R SE SE A A RE SR A R AU B A
W 4 8 FH T 55 o BRI Bh i S A 4 S S A AE S A% B S P b 22 T EH R S P R0 AT B 12k [ 381, R il 2
FRERE BLEKIR b (W0 SrTiOs« BaTiOs)i@ i 15 % 1 vl SEUGH F 8 S I i B e Y. . BKIR B Ak 2 A e
PE. PUh R AL T A S A (RILERR R 2 F AE SR = R A, S — 8. KINER S
i FH SnO, 28 H-A1 Z 8

4) HEHER: © REBUZHEFEMENPH,; AFRKER X Z M AR AR, SR E, MELITE
SRS HE RN B AR Sk, @ LARREE s 2 BOKIR #h A% AR 7R 72 200~400°C F LAE, DIAEEL
K, BRI TECLRARIET N . @ KIIREMZ: oK WEKI SR TAEH T fe k2B kKR
MEEHRM, FEEELEAPE. @ WETIK. FREE X ERR 25 2 1 R B RS S B4 A
132 BE D

(5) BudsErg: O dELRE. Mt REBB AT RmMEEYE; @ WE pn. nn BHELE, L
RPEGEFME; @ RIS B RABE, LOMRR/ZEAEK; @ REIBIHRIGEE TH.

4.6. Wy HI+A4L

(1) TAEEH: 482 R SRR M G & B T oc e SR LA B AL . O BT a0 Hmibt; ZRER
PR R 2 TR PHES T (Na* s HY) T 59 h i 8 4 8 551 (W0 b2\ Cd*'\ Cu?'s CsH BB PERZ 2= (1 U(VI).
S RAE IS AZ e, K HARE T 2 T2 R BER A A @ RIMFCAIU I BRER £h 3R 1+ = 17234 (-OH)
AN S5 &R E TR AY), SSIARL 5002 i F . AR K2 (A1 FE(0.7~0.9
nm)fE T/KEEBE TN, &R AR R 7S 2 WAL A

Q) RBIEREER: AWM AR (qm, mg/g, B B Langmuir BEAIHLA) . W B R (A )P4 1)
BFE], min)y 73 PC R 30(Ka, mL/g). WP IEREMECH B AR 7S5 34F B T RR M E LU E) . FAETERR(Z X

DOI: 10.12677/ms.2026.169179 28 PR R


https://doi.org/10.12677/ms.2026.169179

Mms %

WR B - B BRSO 20 i P 75 R B ) AT ) pHL Y o 7 A MR B 791 B 4 3 R O A LA I R 5 v (EL T
SR TIEPNER) . B TR AR E AR S 5 A NS B MO (AR E R M A A
fR).

(3) BFR LB S RN L : K HVERIR Sh 9K B S B8« UM PR T R R [39] J B R A5 [40]
RGETE T ERBR ERFE IR BT AR 1 26 K FLR K b Bl R B OV P47 0, 8 5 T BE A BV R BRIR ER 40 K P 3t
U (VDRI s AR AURE ST o JRARBRIR £8 T TR AR 45 #a) ( FLAE VR PR T LA A R A5 A D34 o X b ik
W BRIR RN B GRS TR R S s LU A IR, LT A BRI, IS AU P ROK AL
SCHRHRTEERIR ER AKX PO> IR B 2 B v iA 20 mg/g, X Cs* MRt 30 0 5 ke ek, X494
JZIH] Na™ 5 Cs* 2 I8 i3 RO 7 58 UL S Cs M JR R RS E [ 5E o (BB ACBRIR i AU IR 3, AR PR T 200
B B kiR ™

(4) FlEPhiR: © EHEMETITIRTE: ERAFKRARERE . A7 T FE)F, IR HAR T ik
FEIERTRERZ 2] Naty Ca®'s Mg S8 TS 4+t . @ FAESIRML RS 5245 MBS )
BRIR 7 BRI AR B RIVE L, 2 XIS R ARG AT R A IRy e, SECR R, © MO XE;
—YEARY AR ME LB AR R, A Rk B ) A S B R AR B A = B3 TR @
PG AR B AT R o ARIRER X B R B TR O, (B AR T R LIS S 254 o i3
) (I B e 70 55 TE TR

(5) BUHSFnS: O AT MESTREM, RIS EE TIEHMN; @ 5 FeO4 MR E &,
KU > B G 3 TR . WA AR, AR LR A S AR ; @ BEaidthEr. VR,
EESES e S SRS IREE S/

5. Zit5RE

—YEERIR ER KA ALK (R ARGE M . A BB T ACHRBE T - AR K U R TR, £E08
AL AL A AERE . WP B ARG I U AT R AT . ASOM “Hhil g - a5 - PERE” SRR, R
GEVFIR 1 ANIR] B RS AR X PRI S5 46 B foe A RE I DE PRSI o 7K IR ST A HL 2 BrVE AN S5+ m R A

NEGL, IEERE W - BBESE N S B, @M T AEEREFR RN S5, N HRE, —4ERR
BRERAETCHELL . fBRE VR PR AN A% REE U R IR, (HIL R ACEERE T 52 ) TP RE A3t — 2B S TH AT
AL S5 BOAR P T

JEEARK, 2K AT FURT LR J5 AR -

(1) AT S SRR R RS0 K & BN, SCHl R BAe, BEEE L, JrRA KR
LSRN R T PR -

(2) ZIRREAFRIG: i 5T REAM BB R, S RESYRM RS S, WEEA “1+
1>27 N R T REM R R, ¥ J N AT AT SR T e

(3) HLEBTFRBAL: 455 LRI BOR MBI THE, RN AR — 4EERIR Fh 9K AT R R B 7
e SUHEAL RSB -

(4) MBALHI SN TPRICEA . mE AV A R & T2, 5 —4EERm Eh ok
FARE S8 S B FUE 17 S8 B TRERLH] o

(5) FMAGIBIRE: PR ER AR SO RHE A BE (25 i . HAULRE). Hi S5 3
TR BN BE YR L 3 (O FEAE AL COL I8 J5) S5 M AT N2 F

FEREE DK BORRRRLR AR SR RE, — AEERIR Eh 9N KA BHL A 1E ff R BEI SN LA IR a1 Y 4
ERTEBR AL b A% B RAE A

DOI: 10.12677/ms.2026.169179 29 PR R


https://doi.org/10.12677/ms.2026.169179

Mms %

E&WE

T bk 2 AR AR BB I 25 35 H ((KYXL2025106); 3] B Tl oK 2 5 61 fil & 4 ¢ 3R 72 101 H

(2024ZCRH-10).

SE

[1

]
2]
]
]

(7]

(8]

(9]
[10]
(1]
[12]
[13]
[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]
[22]

[23]

B, —YEERIRYORM BT RIEM SPPET 5 [D]: [0 3], B N EE T K%, 2010.
JARGR, BRMEDT, MRAEE. GURMEHEARM]. dbnt: BB Tk ik, 2003.

TROLAE, RIS GUKAEIFIGER A MM]. bRt B2 R, 2001.

Kasuga, T., Hiramatsu, M., Hoson, A., Sekino, T. and Niihara, K. (1998) Formation of Titanium Oxide Nanotube. Lang-
muir, 14, 3160-3163. https: //doi.org/10.1021/1a9713816

Liu, T., Miao, L., Yao, F., Zhang, W., Zhao, W., Yang, D., ef al. (2024) Structure, Properties, Preparation, and Applica-
tion of Layered Titanates. [norganic Chemistry, 63, 1-26. https: //doi.org/10.1021/acs.inorgchem.3c¢03075

Novoselov, K.S., Geim, A K., Morozov, S.V., Jiang, D., Zhang, Y., Dubonos, S.V., ef al. (2004) Electric Field Effect in
Atomically Thin Carbon Films. Science, 306, 666-669. https: //doi.org/10.1126/science.1102896

Saker, R., Shammout, H., Regdon, G. and Sovany, T. (2024) An Overview of Hydrothermally Synthesized Titanate
Nanotubes: The Factors Affecting Preparation and Their Promising Pharmaceutical Applications. Pharmaceutics, 16,
Article 635. https: //doi.org/10.3390/pharmaceutics 16050635

Yao, B.D., Chan, Y.F., Zhang, X.Y., Zhang, W.F., Yang, Z.Y. and Wang, N. (2003) Formation Mechanism of TiO2
Nanotubes. Applied Physics Letters, 82, 281-283. https: //doi.org/10.1063/1.1537518

FATHE, ZHY, B/, & RIRERGKAE /K G B AT AU T]. oL 22579, 2007(2): 225-230.
Zrk, BEL, BT BKREBRGOKE TR EED]. MEHFIR, 2008(4): 50-52+61.

FeE, EE. ARG SR SRR LI BT R [J]. AERACGR AR, 1996(S1): 404-406.

FRE, RIGR, B4, 55 KRR RIRIREEAAE HIBE T RE[T]. #4BHTR, 2006(S2): 121-123+129.

BN YK TiOn K FERRR S K #uilil & 5 6 B PERE T 7T [D]: [ 25601 5], WAk K 2%, 2008.

20, VLR, Mg, S5 KA T ERERAE K RS PR B L R 4 (7). #RbRHE S TR 2R, 2007(1):
43-47+78.

Suzuki, Y., Pavasupree, S., Yoshikawa, S. and Kawahata, R. (2005) Natural Rutile-Derived Titanate Nanofibers Prepared

by Direct Hydrothermal Processing. Journal of Materials Research, 20, 1063-1070.
https: //doi.org/10.1557/jmr.2005.0135

Mengzel, R., Peird, A.M., Durrant, J.R. and Shaffer, M.S.P. (2006) Impact of Hydrothermal Processing Conditions on
High Aspect Ratio Titanate Nanostructures. Chemistry of Materials, 18, 6059-6068. https: //doi.org/10.1021/cm0617211

TR, BCHE. BRERERGNKE 1] & KOs i REWT T [J]. WAk 22540, 2006(2): 221-225.
Bavykin, D.V., Parmon, V.N., Lapkin, A.A. and Walsh, F.C. (2004) The Effect of Hydrothermal Conditions on the

Mesoporous Structure of TiO2 Nanotubes. Journal of Materials Chemistry, 14, 3370-3377.
https: //doi.org/10.1039/b406378¢

Wu, D, Liu, J., Zhao, X., Li, A., Chen, Y. and Ming, N. (2006) Sequence of Events for the Formation of Titanate
Nanotubes, Nanofibers, Nanowires, and Nanobelts. Chemistry of Materials, 18, 547-553.
https: //doi.org/10.1021/cm0519075

Zhang, W., Tao, Y. and Li, C. (2018) Effects of PEG4000 Template on Sol-Gel Synthesis of Porous Cerium Titanate
Photocatalyst. Solid State Sciences, 78, 16-21. https://doi.org/10.1016/].solidstatesciences.2018.02.007

Gheorghe, F., Dumitrescu, C.R., Gheorghe, P., Dedk Habil, G. and Ting, S.S. (2023) One Step Sol-Gel Synthesis and
Morphostructural Characterization of Sodium Titanate Particles. E3S Web of Conferences, 437, Article 03011.
https: //doi.org/10.1051/e3scont/202343703011

Cheng, Y., Li, C., Hamukwaya, S.L., Huang, G. and Zhao, Z. (2023) Synthesis of Composite Titanate Photocatalyst via
Molten Salt Processing and Its Enhanced Photocatalytic Properties. Nanomaterials, 13, Article 2944.
https: //doi.org/10.3390/nano013222944

Usman, M., Christian, M., Smith, M.D., Besmann, T. and zur Loye, H. (2023) DFT-Guided Flux Synthesis of a Family
of Layered Titanates Crystallizing in the Lepidocrocite Structure Type. Solid State Sciences, 139, Article 107161.
https: //doi.org/10.1016/j.solidstatesciences.2023.107161

DOI: 10.12677/ms.2026.169179 30 PR R


https://doi.org/10.12677/ms.2026.169179
https://doi.org/10.1021/la9713816
https://doi.org/10.1021/acs.inorgchem.3c03075
https://doi.org/10.1126/science.1102896
https://doi.org/10.3390/pharmaceutics16050635
https://doi.org/10.1063/1.1537518
https://doi.org/10.1557/jmr.2005.0135
https://doi.org/10.1021/cm061721l
https://doi.org/10.1039/b406378c
https://doi.org/10.1021/cm0519075
https://doi.org/10.1016/j.solidstatesciences.2018.02.007
https://doi.org/10.1051/e3sconf/202343703011
https://doi.org/10.3390/nano13222944
https://doi.org/10.1016/j.solidstatesciences.2023.107161

Mms %

[24]

[25]

[26]

[27]

(28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Naga Sravanthi, M., Sudagar, J. and Selva Kumar, A. (2023) Effect of CeO2 Doped Zirconium Titanate with Various
Temperatures by Solid-State Reaction Method. Materials Science Forum, 1107, 93-104.
https: //doi.org/10.4028/p-7oyoml

Wang, Q., Yang, X., Jing, Z., Liu, H., Tang, P., Zhu, H., et al. (2024) Recent Advances in One-Dimensional Alkali-
Metal Hexatitanate Photocatalysts for Environmental Remediation and Solar Fuel Production. Journal of Materials Sci-
ence & Technology, 202, 201-239. https://doi.org/10.1016/j.jmst.2024.02.071

Rashad, S., Zaki, A.H. and Farghali, A.A. (2019) Morphological Effect of Titanate Nanostructures on the Photocatalytic
Degradation of Crystal Violet. Nanomaterials and Nanotechnology, 9, Article No. 10.
https: //doi.org/10.1177/1847980418821778

O’Regan, B. and Gritzel, M. (1991) A Low-Cost, High-Efficiency Solar Cell Based on Dye-Sensitized Colloidal TiOz
Films. Nature, 353, 737-740. https: //doi.org/10.1038/353737a0

SRUEAK, FRARD, EHCH, & —EGORM RS B B b P N AT R )], HRECR, 2008(1): 63-66.

Aghamohammadi, H. and Khazaeli, A. (2024) Recent Advances in the Development of the MXenes/Ti-Based Nano-
composite Anode Materials for Li-Ion Batteries: A Review Study. Journal of Energy Storage, 101, Article 113851.
https: //doi.org/10.1016/j.est.2024.113851

Nurhaliza, E., Idris, M.A., Mahmed, N., et al. (2024) Review on Performance of Lithium Titanate and Its Impurities
Dopant as a Lithium-Ion Battery Anode. International Journal of Nanoelectronics and Materials, 17, 402-415.
https://doi.org/10.58915/ijneam.v17i3.1155

Dong, J., Jiang, Y., Wang, R., Wei, Q., An, Q. and Zhang, X. (2024) Review and Prospects on the Low-Voltage Na>Ti307
Anode Materials for Sodium-Ion Batteries. Journal of Energy Chemistry, 88, 446-460.
https: //doi.org/10.1016/j.jechem.2023.09.039

Xia, Q., Liang, Y., Cooper, E.R., Ko, C., Hu, Z., Li, W., et al. (2024) Monolayer Sodium Titanate Nanobelts as a Highly
Efficient Anode Material for Sodium-Ion Batteries. Advanced Energy Materials, 14, Article 2400929.
https: //doi.org/10.1002/aenm.202400929

Chen, F., Li, H., Qiao, X., Wang, R., Hu, C., Chen, T., ef al. (2024) The Chance of Sodium Titanate Anode for the
Practical Sodium-Ion Batteries. Chinese Journal of Chemical Engineering, 72, 226-244.
https: //doi.org/10.1016/j.cjche.2024.05.022

Chen, Q.X., Cheng, X.Z., Wang, F.P. and Yi, T. (2026) Application of Titanates in Batteries with Solid-State Electrolytes.
Journal of Energy Storage, 141, Article 119218. https: //doi.org/10.1016/j.est.2025.119218

Joy, R. and Haridas, S. (2024) Polyaniline Enfolded Titanate Perovskite: A Promising Material for Supercapacitor Ap-
plications. Polymer Bulletin, 81, 2129-2142. https: //doi.org/10.1007/s00289-023-04810-9

Idakiev, V., Yuan, Z.-Y., Tabakova, T. and Su, B. (2005) Titanium Oxide Nanotubes as Supports of Nano-Sized Gold
Catalysts for Low Temperature Water-Gas Shift Reaction. Applied Catalysis A: General, 281, 149-155.
https: //doi.org/10.1016/j.apcata.2004.11.021

Ramanavicius, S., Jagminas, A. and Ramanavicius, A. (2022) Gas Sensors Based on Titanium Oxides (Review). Coat-
ings, 12, Article ID: 699. https: //doi.org/10.3390/coatings12050699

Harito, C., Khalil, M., Nurdiwijayanto, L., Septiani, N.L.W., Abrori, S.A., Putra, B.R., et al. (2024) Facet-Controlled Growth
and Soft-Chemical Exfoliation of Two-Dimensional Titanium Dioxide Nanosheets. Nanoscale Advances, 6, 4325-4345.
https: //doi.org/10.1039/d4na00442f

Chen, W.D., Xu, Y., Liu, J., Cao, H., Li, Y., Ren, X., ef al. (2023) Recent Developments in Ti-Based Nanocatalysts for
Electrochemical Nitrate-to-Ammonia Conversion. Inorganic Chemistry Frontiers, 10,4901-4917.
https: //doi.org/10.1039/d3qi00732d

Zhou, Y.Z., Li, Y., Wang, X., Liu, D.X. and Liu, D. (2020) Preparation of Amidoxime Functionalized Titanate
Nanosheets for Efficient Extraction of Uranium from Aqueous Solution. Journal of Solid State Chemistry, 290, Article
ID: 121562. https: //doi.org/10.1016/j.jssc.2020.121562

DOI: 10.12677/ms.2026.169179 31 PR R


https://doi.org/10.12677/ms.2026.169179
https://doi.org/10.4028/p-7oyoml
https://doi.org/10.1016/j.jmst.2024.02.071
https://doi.org/10.1177/1847980418821778
https://doi.org/10.1038/353737a0
https://doi.org/10.1016/j.est.2024.113851
https://doi.org/10.58915/ijneam.v17i3.1155
https://doi.org/10.1016/j.jechem.2023.09.039
https://doi.org/10.1002/aenm.202400929
https://doi.org/10.1016/j.cjche.2024.05.022
https://doi.org/10.1016/j.est.2025.119218
https://doi.org/10.1007/s00289-023-04810-9
https://doi.org/10.1016/j.apcata.2004.11.021
https://doi.org/10.3390/coatings12050699
https://doi.org/10.1039/d4na00442f
https://doi.org/10.1039/d3qi00732d
https://doi.org/10.1016/j.jssc.2020.121562

	一维钛酸盐纳米材料的制备及应用研究进展
	摘  要
	关键词
	Research Progress on the Preparation and Applications of One-Dimensional Titanate Nanomaterials
	Abstract
	Keywords
	1. 引言
	2. 一维钛酸盐纳米材料的结构特征
	2.1. 纳米材料的分类与一维钛酸盐纳米材料
	2.2. 钛酸盐的晶体结构与分类

	3. 一维钛酸盐纳米材料的制备方法
	3.1. 水热法
	3.2. 模板法
	3.3. 溶胶–凝胶法
	3.4. 熔盐法
	3.5. 高温固相法
	3.6. 不同制备方法的对比分析
	3.7. 制备方法对微观结构的深层影响与“制备–结构–性能”关联

	4. 一维钛酸盐纳米材料的性能与应用
	4.1. 光催化
	4.2. 染料敏化太阳能电池
	4.3. 锂/钠离子电池负极材料
	4.4. 催化剂载体
	4.5. 气体传感器
	4.6. 吸附材料

	5. 结论与展望
	基金项目
	参考文献

