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Abstract; Rutile-phase TiO, is frequently employed as an
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laminates to enhance the dielectric and mechanical proper-
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ties of the polymer matrix, owing to its superior characteris-
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ability remains a significant challenge. This review system-
atically examines chemical and physical methods for synthe-
sizing spherical TiO, particles with high industrial potential.
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vothermal methods) , the analysis focuses on the influence of factors like soluble titanium source type, temperature field, re-

action pressure, and reaction medium on the hydrolysis kinetics of the titanium precursor and the kinetics governing the as-

sembly of primary Ti(OH), colloids into spherical structures. Regarding physical methods ( mainly spray granulation and

high-temperature melting spheroidization) , the review investigates the impact of process parameters such as particle assem-

bly/spheroidization techniques and heat treatments for particle densifying on the production of high-quality spherical parti-

cles. Additionally, it summarizes the effects of heat treatment atmosphere, type and concentration of impurity elements, par-

ticle size, and heat treatment parameters on the kinetics of the anatase-to-rutile phase transformation. Our analysis indicates

that chemical synthesis routes still face significant scientific and technical challenges, including the difficulty in precisely

controlling titanium precursor hydrolysis kinetics, inadequate particle size uniformity, and limited tunability of the particle

size range. In contrast, physical methods readily yield products with high sphericity and allow particle size adjustment over a

wide range, but they also encounter the technical bottleneck of insufficient particle size uniformity.
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Reaction (1), triggering:
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Reaction (2), hydrolysis:
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Acid-catalyzed polycondensation reaction (3):

-Ti-OH + HO-Ti — -Ti-O-Ti- + H,O (Dehydration polycondensation)
-Ti-OH + HoC4O-Ti — -Ti-O-Ti- + C,HsOH (Dealcoholization polycondensation)

Overall reaction (4):

Ti(OC,4Hg)4 + 4H,0O — Ti(OH), + 4C,HyOH or

Ti(OC4Hg)4 *+ (3+n)H,0 — TiO(OH),-nH,0+ 4C,H,OH
P 1 BRER YT ER A K AL

Fig. 1 The mechanism of C cH;;0,Ti hydrolysis reaction
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&2 OR[RIRIE R BE i 409 Ti(OH) , B9 SEM A . (a) 0.15 mol/L, (b) 0.3 mol/L, (c¢) 0.6 mol/L
Fig. 2 SEM images of Ti( OH), prepared with different concentrations of titanium sources: (a) 0. 15 mol/L, (b) 0.3 mol/L, (¢) 0.6 mol/L
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Fig. 3 The variation of titanium source concentration and particle size (a) , the variation of hydrolysis time and particle size (b)
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Fig. 4 Vertical spray thermal decomposition device! !,

(a) temperature
distribution curve in furnace, (b) specific configuration of vertical
spray thermal decomposition device (1 precursor solution, 2 flow
meter, 3 ultrasonic nozzle, 4 ultrasonic generator, 5 temperature
controller, 6 control value of carry gas, 7 nitrogen gas, 8 quartz

reaction tube, 9 resistance furnace, 10 powder collector) (i)
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Table 1 Influence factors of spray granulation of TiO,

Solid content

Viscosity
Particle size of raw powders
Type of stirring blade
Stirring rate
TiO, powder
precursor Type of binder
Dispersity

Binder content
pH

Ball grinding slurry time or stirring
time or ultrasonic dispersion time

Inlet and outlet temperature

Parameter of Feed rate

apparatus

Spray drying

equipment Spray type-feed pressure

Centrifugal-centrifugal disc speed
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Fig. 5 Crystal structure of Ti02[17] . (a) anatase, (b) rutile
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Table 2 Physical properties of anatase and rutile

Property Anatase Rutile

Crystal system Tetragonal system Tetragonal system

Number of TiO, molecules

in a single cell 4 2
Space groups 14,/amd P4,/mnm
Lattice parameter/nm a =f =0.378 5 a =_b =0.459 4
¢=0.9514 ¢=0.295 89
Single cell volume/nm’ 0.136 3 0.062 4
Density/ (kg +m™) 3894 4250

Melting point/°C Transformation to 1825

rutile phase

Specific gravity 3.84 4.26
Refractive index 2.56 2.71
Mohs hardness 5.5~6.0 6~6.5
Molar heat capacity/
(J-mol -K~1) 0. 169 0. 169
Dielectric constant/(F +m™") 48 114
Pyroconductivity/
(Wem™ K 0.430 0. 148
8
7t
6}
e
o
g 4l Srilankite
@ (TiO,-11)
o3r
o Rutile
o[
1F Anatase

0 1 1 1 1 1
0 100 200 300 400 500 600 700
Temperature/°C

6 AR A R Tio, AR

Fig. 6 Phase diagram of TiO, at different temperatures and pressures[lg]

POARERM, FEL TiO, B9 A—R AR & Hh LA AR [0 F2
SEAHI A AR, AR 5 A 07 A #h B2 2T UAIIE 52 1
AR NZRAIRZ, GF AR BEAE IR | R
TBURL R 46

BUERE A0 5 G 20T H Tio, e B T b AFTEAS o 22
S, P, A B R BRI B 2040 A TiO, Bk, Wb
IATCARAE By )12 SRR, AR i i B DR 1™
PRI 5 b v B, T 3% 7 32 B3 AN BT R
MRPE S E | A ETR | A BT R e ORI
SRR R MR T SORXE Tio, AR S ) s



966

Hh L b A

5 44 %

HS e PR AT GG, LA Ay T8 ] AN [) g 4503 iy 3RO
TiO, il % T AR AEE %,
3.2 A-REZHNERHMEE
3.2.1 A—R A& T HLH

BRI R RN A 2077 AH TiO, 1Y AR 45 4 1k U 7 i &
(tetragonal system) , 1H 3% [ fhik F 8 2= AR K, Higk
WA TiO, AYFHE BN a=b=0.3785 nm, ¢=0.9514 nm,
FEMARFIR 0. 1363 nm®, 1 ERINALE 4 4 TiO, 40T
MA4L A A0 TiO, B &A% 5 4N a=b=0.4594 nm, c=
0.295 89 nm, fbMIAF K 0.0624 nm® | 1 >N f &
24 TiO, 43 F, HULRIH, BEkTHH TiO, FAs A a4 a
A TiO, I, EBURLE LN 8% , 44041 TiO, TRy
TiO, /M iARS H & F A 10 4~ /iR A 46 (8 A~ LT £
24 L), WL AR T RS TiOo, AR 5 R Y
8 A /NHMAAHZEH: (4 DNIETIUMA, 4 ANdEi0) o MR BT
U1 21 TR VA 7 [ 1) T 2 /A 22 V-l /NS 7 S
MyikasE . A L0 A Tio, AT eBiAks™ 41 Tio, i
BOEEE M, B4 200 A0 TiO, MRS A, T B Ak B AR
TiO, MWASAH, BEEKH [0 4 21 A7 (1A HR A S AN AT 3 AR AR i
e, RUE T HRME, (5 2 E AR I A TR
FEAR I . Shannon [IHQ\:W]E}%, R EE AR J2 3 3 7E Bl gk
WA AR A 2T A%, B BR Bk A i Y
SERAHAE IR . BEBRAT AR Y {112 5 HE T % Bk B A4
BT EHR O LA AR {100 B HEH, X Ah 7 EHE
& LAGE R v U B /N 23 ] 20 R SeU st 1) W R4 4 e /D
RIE, R, FHAETEALRERI 2 FRAE AL, F—H
U T b 0 SR R DRy A Y T B N AR R B
KR T EHE R A A B 2 T T EE R, L, s
X2 FEER R R Y & S EHAR TR RE R A, Blek ™
AE T A A B 2 R S50 DA R I 5 I 3 2 R et )
HHE,
3.2.2 BB ERAEBLEY A

TiO, H R U ) il i 245 2 S s v R Bk 3 A
NEENAFTAEIE AR AHAE, 1 e B Ak 0 B A k2
IHIAAE . X EH T AR A 8% AR AL SE £ E R A
TR T, E2 M ALEE N AR L FE H TiO, &
MBS E AR s (], Wb R AR AR, T LD TR R
Wigd o B, LR AR T A AR T AL R . Al BR Ak AL T
TiO HATT Y ] B W8 i 1 5 HEZ 3l i BEL ) 0 i 5 D 4 1)
BRI, AR T AHAR IR bR, BHAS TAHAZ K
AP AR R R S S S o AT BREK AR A, T
iMiXt A—R AAE L BA B R, 38 5 A R 2 /N AHIE
MENEEREFARTERA S, R A-R 542,
FHES P22l A—R AR s T 245 5 % 18 B

T2 RV 2506 480225 A6 0 [R] B BK O B 452 1, Hanaor 1 Sor-
rell PEANRZE T 4 )8 B F B0 A—R AHAE 95 w2
mE 7 s, X A—R BAMHIBON M 4E B A Al, Au,
B, Ba, Ca, Ce, Eu, Er, La, Nb, Nd, Si, Sm, Sr, Y
i ze; ARSI M4 BA Al, Cd, Co, Cr, Cu,
Fe, Li, Mn, Na, Ni, Sn 1 Zn, "L, Rl—F4&EET
ATRESR e ASON A FT REZ IS, X ATRE S B AE, &
BE NN, BIREFERUKLE RS TR R
AR, SASE MR R LR E AR, (AATY AT IR BB S
SEH SR . ML T M — A 4R

BT B S T R, 05 % A T 4200 <Y,
M.,07, 0 Oy +Ti" +(2-n/2) O SN 1] £ FH 48028 A 50 i
(0,, A=A ), Ffedt A-R F7E, MP—MELE
HEFRMmER T T KA T RER IR S Mk B, AT F
WHIAAAE A, MANE FIRES, WA v REA L oM +
07 —2M" V" +1/20,+0,, Fl M7 +Ti" —Ti* +M """
WHEEAT A= O, WAl By~ [ gk Ti* |

N S
XE

0.18
= Promoters
0161 .  Inhibitors
0.14 4
e 012 1 Naw ola Inhibitors
E Ndg o
£ Eugdm
£ 0.10 1 . Er Xu *Ce
S oos i e
x U 1 Lim Mn'Co X +Nb
© Cr i Al ®Ti
c 0.06 4
2 *P
0.04 { Promoters *s
0.02 4
y=-0.0455x+0.2045
0.00

0 1 2 3 4 5 6 7
Valence

PEL 7 IR R0 0 B0 1 4 20 R 7 1 4 S B R AR RN i ]

Fig. 7 Comprehensive valence/radius plot of anatase to rutile transforma-

tion, categorising inhibiting and promoting dopants
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