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ABSTRACT: The flowability of TiO, powder directly affects its pigment properties and application in subsequent fields.
Currently, most of TiO, products have the problem of poor flowability, which is manifested as bonding and agglomeration in
blanking, packaging, transportation and subsequent application. The existing research on the flowability of powder mainly
focuses on the flowability difference caused by particle size of micron powder such as food, medicine and pulverized coal, while
there is little research on the flowability of submicron powder. To date, the research on the flowability of TiO, powder has not
been reported by scholars in China or abroad. The work aims to establish a comprehensive performance evaluation method of
TiO, based on powder flowability and pigment properties to guide the optimization of surface modification process and obtain
titanium dioxide products with excellent flowability and pigment properties. The effects of the impact different surface
properties on TiO, flowability and pigment properties were compared with those on TiO, of the same particle size and size
distribution. With chloride rutile TiO, as the base material, Zr/Al inorganic coating and organic coating were carried out in
sequence. The effects of key coating parameters on the flowability and pigment properties of coated TiO, products were
investigated. By changing the alumina content (1.0%, 2.0%, 3.0%, 4.0%, 5.0% in terms of TiO, mass) in Zr/Al inorganic
coating, and maintaining the same organic coating conditions, the effect of inorganic coating on powder performance was
explored. After the optimal inorganic coating was determined, the effect of organic coating on TiO, powder performance was
explored by maintaining the same inorganic coating condition and coating TiO, samples with different additions of TMP and
TME (0.0%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0% based on the mass of TiO,). The compressibility, wall friction and shear action of
TiO, powder were tested by powder rtheometer, and characteristic index parameters such as Hausner ratio, wall friction angle
and internal friction angle were obtained to characterize flowability. The inorganic element content of TiO, was measured by
X-ray fluorescence diffractometer, the crystal form of TiO, was determined by X-ray diffraction analyzer, the particle size and
particle size distribution of powder were measured by laser particle size analyzer, and the surface morphology of powder was
analyzed by scanning electron microscope. The pigment properties of TiO, were evaluated by gloss, tint strength and coverage.
Based on the above parameters, principal component analysis method was used to evaluate the comprehensive performance of
TiO,. The experiment results indicated that the inorganic coating had great effect on the pigment properties of TiO, powder, but
small impact on its flowability. In contrast, the organic coating had great significance on the flowability of TiO, powder. For
Zr/Al inorganic coating, hydrated alumina firstly formed a continuous dense coating layer on the surface of powder particles due
to heterogeneous nucleation and then homogeneously nucleated to form a loose and flocculent Boehmite-type coating layer.
When aluminum content was 2.0%-3.0%, the powder had better pigment properties and flowability. For organic surface
modification, when TMP content was 0.4% or TME content was 0.2%, the product maintained good pigment properties and
excellent flowability, while the production cost was relatively low. In conclusion, for TiO, with same base material (D5,=0.354
um), the amount of aluminum added in Zr/Al inorganic coating and the type and amount of organic coating agent will affect the
surface properties, resulting in the difference in flowability and pigment properties. With the characteristic indicators selected in
this paper, the comprehensive performance evaluation method of TiO, powder established by principal component analysis can
be used to guide the optimization of the coating process.

KEY WORDS: titanium dioxide; powder flowability; surface modification; pigment property; principal component analysis

2023 7 H

VB —Rh g iz B B JEHLEURL , TiO, B 23l
I SR L 22 0 R B ™ A R R 2 i o e
AR U B PERAE T I5 A PR 1L A 12 | Hausner 8 %07% | Carr
felod: . BT Ol TR AR, RAE AR A S S
SE AR R SIRE T, FRARR A A e . 2RIk
FEARPES | PRET SARME AR, B AR SRS P 2
B IR R G, B4 T0RENE T R 208 )™
LR G RALSEARA R | G 5 75 BEEH R AN R fh F 5
FLR S PERERYRAL T 1

A SR JE— 0 X4 a i o ik, B A B HRIE 3
SAERIEE N . B2y BRSO Thakur 41
SRR Sy BEE5MR W A 3l R A 48 hn R AiE
IR shYE . Lu Z2R ) FT4 BAR AR, @it
ME 5 FORFERARBER PR TT . B ff . s
BE, kAR 4 BHE R IR AT R
s I s R P RS2 ) I B TIF 9 Z2 O TR MM AR AR 1Y) AR £k
X L S e A S

2% PR S5 ARPE BE B9 2 e T B4R R EAE TR



528 H£1H

WREESRF, 55 TiO, W2 T ot B HOy (R U S L RE Tt 5 ¥k i 327 -

A s RN T, Tk Bl e Tio, Fik
A TEHLRE AN A LR F) Ty ok bt Ho R i i o) 7
TiO, iy AR B — RS Z 250 | ik B BRAFTOHL
AL, TRUB M B, BT F i RE,
W/ R ] g BEER U E A ML, [P
B RE AT 5B AR R T 10 R B A T A 2 e S PR
P25 TiO A HHE 2 fE AT L, WF9Y TiO, i
SRS R S 22 S, SN O, W T
BRI A LR B EA 2

BUA SCHK X T I S A B AT 5 3 B AR
OKR GO A, 5 T HUORLAR 22 S Tl O 1) O 3 1 22
S, RS 3 A1 B2 4 M0 IOK Z0B A 4 T s P AT 5
B, HAETENANMEEX T Tio) Bt shivk i grse
AT o AT B e s B M R RLAR SOk AR o3 A1
WHIY Tio, Kir, TRk 2 5 B 2 B i
SR REAY ST B X BURHE BE A9 B2 T B — it sl
FAETTIE , X TR Z A BR FORy B9 SRS P I o By
M o PRI, B 57 RRAEBR OB AL S 1k A ik 1 i
FER | R 25 SR AR A S B R M S Bk VB Bl
PERERY N TEIR R , SRASIF T 75 2 S A S BB A
JIrAE TR, XFFERE Ry, FEBURMA: AR HL H AY 2
il FETECEA SO R SRR AR, s
M BURHERE . DPTEE 5 U0R2E TiO, TRl P fE
TR BEA SC A S BERF IR AR A, 8 3 Al 70 A
RPN R RAESRAR IR R, TS TiO, Kl
UtE T2, RIARTS A BAL S 0 SR RE -5 i 30
PERERY TiO, 7, "L WA BITAIEAR, &
THER R A 7 i ML TR RE

1 iRIe

1.1 FE#

e FH T R A T Aol AR 7 B9 S TR BR B R R
MERE, HOT R A ORAR WLAR 1. XRD 45 3R 40
K1 R, RABTSKE R a2 a8,

RLE M esp HITHR 308 «

,D87
,BPSD - D_13 (1)

KA Dy Bl Dgy 43 5 ZRISFE i 1 1A 53 1 %L
IR E] 13%F1 87 %t Fir it 7 frREA% o
1.2 RENEIZ
121 EHEEBEXH
ERENE VIR SN & e ) SO VA A LN o e S LY OF /e R ST
®1 SUEZEURERBDESE

Tab.1 Physical parameters of base material
of chlorinated TiO,

TiOy%  ALO3/%  ZrO,/%  Dso/um PSD
96.049 1.182 0.007 0.354 1.52
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Fig.1 XRD pattern of initial size of chlorinated TiO,
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Tab.2 Physical parameters of TiO, with different
aluminum contentsin Zr/Al inorganic coating

Oano/Wt%  Dsgum  PSD dengfﬁ?gf‘cl;,3)
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Fig.3 SEM images of TiO, with different A1,0; contents
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Fig.4 Flowability parameters of TiO, under different inorganic coating conditions: a) bulk solid
density; b) Hausner ratio; ¢) wall friction angle; d) internal friction angle
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Tab.3 Particle size and particle size distribution of TiO,
under different organic coating conditions

Type of organic

coating agent w/wt.% Dso/um PSD
0.0 0.355 1.64

0.2 0.358 1.64

T™P 0.4 0.357 1.64

0.6 0.356 1.63

0.8 0.353 1.63

1.0 0.354 1.64

0.2 0.367 1.69

0.4 0.369 1.69

TME 0.6 0.366 1.69

0.8 0.359 1.66

1.0 0.357 1.64
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Fig.9 SEM images of TiO, under different organic coating conditions
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