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Fig. 1 XRD patterns for metatitanic acid prepared

with different pre-adding water volume ratio
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Table 1 Crystal structure calculation results for
metatitanic acid prepared with different pre—adding

water volume ratio

eSS RKE%  2000)  a/A /A Ly /om

BLERTI TiO, - 252810 3.785 9.514 -
1 13 252547 3.805 9.340 17.23
2* 16 252755 3.799  9.366 15.44
3 19 25311 3.805 9.196 13.15
4 22 253498 3.791  9.299 10.74
5* 25 252947 3.800 9.315 10.59
6" 28 25246  3.784 9.689 10.25
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Table 2 Experimental and test results for samples

prepared with different pre—adding water ratio

RS JEAKE/% D/pm Dy/pm Dy/pm  Davipm F2HHLE

Al 13 1.32 2.25 3.99 2.52 1.25
A2 16 1.26 2.11 3.76 2.37 1.18
A3 19 1.28 2.16 3.92 2.44 1.22
A4 22 1.41 2.36 4.41 2.71 1.27
A5 25 1.69 2.85 5.58 3.33 1.36
A6 28 1.57 2.68 5.21 3.11 1.36
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Table 3 Particle size distribution results for

metatitanic acid at different TiO, concentration

R TiO W P
FEdh TiO, R D,/um Dg/um  Dy/um  Dav/um FRHiLL

%5 (gL
B1 175 1.86 3.19 6.28 3.71 1.71
B2 185 1.7 2.88 5.68 3.37 1.38
B3 195 1.41 2.36 4.41 2.71 1.27
B4 205 1.01 1.72 2.81 1.85 1.05
B5 220 1.02 1.74 2.88 1.88 1.07
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Table 4 Particle size distribution results for
metatitanic acid at different aging time

Fedh vkt
ETR= [&]/min

D,/pm Dy/um Dy/wm Dav/pm F2HE

C1 20 1.05 1.8 3.05 1.97 1.11
Cc2 25 1.01 1.72 2.84 1.86 1.06
C3 30 1.2 2.06 3.59 2.27 1.16
C4 35 1.13 1.94 3.35 2.14 1.14
C5 45 1.14 1.95 3.42 2.17 1.17
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Table 5 Stability verification experiment

Feféi's D /pm  Dy/um  Dg/um  Davipm 2L
D1 0.96 1.6 2.59 1.71 1.02
D2 0.91 1.53 2.46 1.63 1.01
D3 0.9 1.52 2.47 1.62 1.03
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Fig.2 TEM and HRTEM for metatitanic acid
(sample D2)
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Fig. 3 FT-IR patterns for the obtained metatitanic
acid (sample D2)

i1 30 0L, 7E B I EX 3417 em™ [ 3T B —A>
B AT , S O—H LA ) i 45 4R 30 5 TR s, 4 T
1627 em™ Kb A IR IS , X6k 1 F 7K 43 F H—O0—H [ 25
eI L WS O 1T R B 18 & R T 1 S S g = T3 ]
FEAE R i P2 SE RN R K 2 LK A R Y 1A
L. AN, 2T 1311 em™ 1 141 em™ 11 052 ¢cm™
(0 22 WU, LS T SO, 8 R R FILAS Yo e 4
B RIS A 5T S0, LA B sk 1k
SHEARIE AR TR R . R IX
648 cm™ Fi T (Y 5 I T | J& B4R JC AL Ti—O0—Ti
(1) PRAK A1 511, 2 i Bk R S AR 45 4 BRI BRI

3 45

ARSC L T SR A BRI W ISR, SR T 1 2R A
MK T2, RGEHEEE T IRKER TiO, e B Kk
FRF [F1) X6 i B AR A 20 A B S I ML, DRSS T i 7



-6 -

v E A & S A

& B SRR 1 &

TR AR 2 LT EELE,

1) KR T 228 oK & BRI TIO, ¥ JBE 1
P T ) 2 8 47 i BA TR A% T | A A I R
AT A0 TR ER, X i BR KL 0 A1 BT B 2L
S o AR AL T2 ZR A (IR K B 16% BRI e 2
205 /L AALETIE] 25 min) T, 38 8 Bk A K TR
P FEAYVEAC , 5 tRAREE L 1. 01 A2 REAR 70 A
BRIR, 2 L2 A M R E e S e M

2) JK ik JI ) A O B A2 £ (30 ~ 60) nm FY il AL
T o FOHE R 2R BT 22 A IR AR AR, th T K
IR B3 7 (SO, \OH™ ) 7E S A% R ThT Y W R, 7 2B 1Y)
2% (s LSOV 5 7 A e I B T AR A 1] B R T AL
e A HG e e AT SR B3 T S R A S A S K B
FLARE RS

3) RARIEEE T W - K- Z B Bey
TR o IR K ik T A I Y 0 R A R R A R
R S I3 THO, v 3 1o 8 5 (R 2R b
18 fn A% BT BE T, 490 i st R R A B A P 5 5 2Rk I [
BN EGV/ TS L LR IV W oy QA 21
PREAR SEAL , DB/ T RRRLIRI A AR K22 5 . = BhIR]
VERT, SEBL T 2R AR oA i BRI A4 P4 3 45

[ 2% 30K ]

[1] IRSHAD M A, NAWAZ R, UR REHMAN M Z, et al
Synthesis, characterization and advanced sustainable applications
of titanium dioxide nanoparticles: a review [J]. Ecotoxicology
and Environmental Safety, 2021, 212(2): 111978.

[2] THOMAS P, SAHOO B N, THOMAS P J, et al. Recent
advances in emerging integrated anticorrosion and antifouling
nanomaterial-based coating solutions [ J]. Environmental Science
and Pollution Research, 2024, 31(60): 67550-67576.

[3] MOHAMMED S S, SHNAIN Z Y, ABID M F. Use of TiO, in
photocatalysis for air purification and wastewater treatment: A
review [ J ]. Engineering and Technology Journal, 2022, 40(9) :
1131-1143.

(4] EEJE. 2024 4F H [EBK FOBMTAL A9 BUIR 2 R e [T ], BERBLEL
2025, 46(3): 9-11.

BI Sheng. Status and development of titanium dioxide industry of

China in 2024 [J]. Iron Steel Vanadium Titanium, 2025 , 46

(3):9-11.

(5] EMN, Bk, RHA, % 2024 FER AT IRSL ST i
L] WIS B, 2025, 46(10): 38-43, 64.

XIA Yuan, GONG Lelei, WU Guixiang, et al. Market analysis
and development of TiO, industry in 2024 [J].
Protection, 2025, 46(10): 38-43, 64.
[6] TIAN C X, MA G Q, GE H W.

Coating and

Structural evolution of

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

metatitanic acid and iron removal during hydrolysis of industrial
Ti0SO0, solution[J]. Scientific Reports, 2023, 13(1): 8509.
CHANG W, CHEN J, DOU J, et al. Study on continuous
hydrolysis in a microchannel reactor for the production of titanium
dioxide by a sulfuric acid process [J]. ACS Omega, 2022, 7
(26): 22447-22455.

GRZMIL B U, GRELA D, KIC B. Hydrolysis of titanium
sulphate compounds [J]. Chemical Papers, 2008, 62 (1) :
18-25.

SATHYAMOORTHY S, MOGGRIDGE G D, HOUNSLOW M J.
Particle formation during anatase precipitation of seeded titanyl
sulfate solution [J]. Crystal Growth & Design, 2001, 1(2) :
123-129.

SATHYAMOORTHY S, MOGGRIDGE G D, HOUNSLOW M
J. Controlling particle size during anatase precipitation [J].
Aiche Journal, 2001, 47(9): 2012-2024.

TIAN C X, CHEN H. Hydrolysis kinetics of low—concentration
industrial TiOSO, solution and structural evolution of metatitanic
acid[J]. ACS Omega, 2023, 8(38): 34826-34833.

JE R, AR, SR, AF BRI RIS VA IV KA )
kAR B RS =W E[T ] LTS N T, 2022, 51
(1): 1-5.

TANG Yumei, HE Siqi, HUANG Chen, et al. Study on the
process kinetics for producing metatitanic acid by boiling
hydrolysis of acid leaching liquor from high—titanium blast
furnace slag [J]. Industrial Minerals & Processing, 2022, 51
(1): 1-5.

WU X P, LIU Y. Formation of metatitanic acid particles in
hydrolysis[J]. Journal of Cluster Science, 2025, 36(3): 96.
TIAN M, LIU Y, ZHAO W, et al. Study on the grain size
control of metatitanic acid in a mixture acid system based on
Arrhenius and Boltzmann fitting[J]. RSC Advances, 2020, 10
(2): 1055-1065.

MEHCEL, BE/NSC, U, S5 AR B B R A5 i R A K
LRI ]. LR AR, 2020, 4(7): 179-184, 178.
MEI Qizheng, ZENG Xiaoyi, SHI Ni, et al. Optimal hydrolysis
parameters for synthesizing metatitanic acid from titanyl sulfate
solution with low concentration of titanium [J]. Multipurpose
Utilization of Mineral Resources, 2020, 4(7): 179-184, 178.
BN SC, MR, TR, AR L K L A AR R R T
i 5 i BB K M R A2 [ . 2okl Tolk, 2020, 50(2) : 57-
61, 68.

ZENG Xiaoyi, MEI Qizheng, TAN Yanlong, et al. Influence of
the hydrolysis process on hydrolysis rate of metatitanic acid
prepared by acidic leaching solution of waste catalysts[J]. Paint
&Coatings Industry, 2020, 50(2): 57-61, 68.

GUO C, SUNSS, WEILL, et al. Theoretical simulation of the
temporal behavior of bragg diffraction derived from lattice

deformation [J]. Chinese Physics Letters, 2020, 37 (7) :



2026 4F 2 55 1 S AR TP BRIBK AR 48 7 RAR D ER TR 7 i T Ak B e piL ) -7 -

76301. on Chemical Intermediates, 2007, 33(3): 449-464.

[18] CONTI NIBALI V, D’ ANGELO G, ARENA A, et al. TiO, [22] TIAN C X, CHEN H. Hydrolysis kinetics of low—concentration
nanoparticles dispersion in block—copolymer aqueous solutions: industrial TiOSO, solution and structural evolution of metatitanic
Nanoarchitectonics for self~assembly and aggregation [rl. acid[J]. ACS Omega, 2023, 8(38): 34826-34833.

Journal of Functional Biomaterials, 2022, 13(2): 39. (23] B, W, R, 4. SRR O TERE Mo Wl

[19] TIAN C X, HUANG S, YANG Y. Anatase TiO, white pigment REEZMA AL L) ], fEEREREHL, 2023, 42(3): 1074-1080.
production from unenriched industrial titanyl sulfate solution via BAO Zhilei, LI Gang, LI Xin. et al. Rheological properties of
short sulfate process [J]. Dyes and Pigments, 2013, 96 (2) : alumina suspension and mechanism of steric hindrance [J].
609-613. Bulletin of the Chinese Ceramic Society, 2023, 42(3): 1074-

[20] TIAN C X. Effects and optimization of hydrolysis conditions on 1080.
the diameter distance ratio for metatitanic acid [J]. Scientific [24] SANCHEZ-MENDOZA A, LASTRA P. Synthesis of
Reports, 2024, 14(1): 18703. quinazoline derivatives in the presence of titanium-containing

[21] BAVYKIN D V, DUBOVITSKAYA V P, VORONTSOV A V, solid acid nanoparticles [J]. Journal of Synthetic Chemistry,
et al. Effect of TiOSO, hydrothermal hydrolysis conditions on 2025, 4(2): 115-129.

Ti0, morphology and gas—phase oxidative activity[J]. Research

Process optimization and control mechanism of narrow particle size metatitanic acid

prepared by hydrolysis of industrial titanyl sulfate solution
WU Yue', DU Xiaoyang', WANG Qinghong', TIAN Congxue'?, MA Lan"'?
(1. School of Vanadium and Titanium, Panzhihua University, Panzhihua 617000, China;

2. Vanadium and Titanium Critical Strategic Materials Key Laboratory of Sichuan Province , Panzhihua 617000, China)
Abstract: In view of the current situation of wide particle size distribution and lack of high-end production capacity
of titanium dioxide by sulfuric acid method in China, in this study, low-concentration industrial titanyl sulfate
solution was used as raw material, and authigenic seed hydrolysis process was used to systematically explore the
internal regulation mechanism of bottom water volume, titanium liquid TiO, concentration and curing time on the
particle size distribution of metatitanic acid. The structure-activity relationship between the final particle size and
structure morphology was analyzed by the characterization results, and the following main conclusions were
obtained. The optimal hydrolysis process parameters were as follows: bottom water 16%, titanium solution
concentration 205 ¢/L., and curing time 25 min. Under these conditions, the diameter-to-distance ratio of the
prepared metatitanic acid product was as low as 1. 01, which belonged to a narrow particle size distribution and had
excellent process stability. The metatitanic acid prepared by hydrolysis is a spherical polycrystalline aggregate
formed by the accumulation of (30-60) nm grains through grain boundaries. Due to the adsorption of anions
(SO,”, OH) on the surface of the crystal nucleus at the initial stage of hydrolysis, the steric hindrance effect and
electrostatic repulsion generated hinder the evolution of the crystal nucleus to single crystal, which promotes the
formation of a mesoporous hydrated colloidal. The particle size control is based on the multi-stage competitive
coupling of 'nucleation-growth-agglomeration’. The bottom water volume reduces the nucleation barrier by
adjusting the initial supersaturation and establishes the nucleation advantage. The concentration of TiO, increases
the mass transfer resistance by adjusting the viscosity of the system, and inhibits grain coarsening and hard
agglomeration. The ripening time effectively inhibits the particle size broadening caused by the Ostwald ripening
effect by regulating the hydrolysis rate. The results can provide production parameters and process reference for
industrial preparation of high-performance titanium dioxide.

Key words: titanium dioxide; industrial titanyl sulfate solution; metatitanic acid; hydrolysis process; narrow

particle size distribution; diameter-to-distance ratio; nucleation formation mechanism; regulating mechanism



