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B ZAR F R 8L (KT A %R, $1&
Bt RRHARTY BRFLT —FFmuR TiO, & KL 4
AL, stz AR, HIE R A B AR AT T KR
AR, ZEHEASAH:

(1) R4ET TIR QAU & LR B G R HMIE R AT, 2
WIRIE LR, AETUARELELER TiO, 25 E Ry, FH
4T thK TiO,/ R BUIBL T B (PAD B A4 4414,

(2) ¥4 TiCly 55 NaOH 4 BAt, RARMRE %, EREL
LEM THIFEAN S 44U E ALK K TIO, Bk,

(3) AR T A BEARE L LMK TiO, T, B TR,
B3 THREEL, KT T 9HAE, B T A A KA A K TiO,
SHBR R,

(4) AR T FERBEMHAAK TIO, M Hoh, BB T
RAA At B Ao R E AR IS T ik,

(5) #A B #8948 K TiO/PAI B A% A4, 247 T A & 31
MEANIE, R T H& T L8 Lo KR m.

BXHETEESNFH A - FRAEAFTZHE AN
&, ARIEER, AZAE, RN 2%, AR, %
BHBAETE, XLEYW, QAR FLEAIORE, L@nt
HEE A = A A, RAMEA B A ALK 4 R k3 8 4e R Fe sl SR 9 AL
HIAERA .
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MRAE X A AL R G AR BN T R 2T, BT
* TiO,. SiO;. ALOsv ZnO. MgO. Fe,0s. ZrO, #l BaTiO; %
ToHUPERME K it 2R 434 2 AR IRTE SER B, SR H T
Ak TiO, MIZRANAE S v vt. KB R M6l & Lk gy
KFURL, FHLER LA AR TR B R e YU i P 3950 20 ORI & K
PUAENE 44 k. Eid XRD Ml TEM A F BRI 4K
BURL L A M5 HRFAE, P e Ak v e e S50 I 52 K R A p ek
AR, 45 REMW, 49K TiO,. Si0,. ALO;. ZnO. MgO.
ZrO, Fl BaTiO; (14 R BLIEE W ik R & 4R I R R m i
LA R, HPHKREEIAE TiOo, BT EARGHAN
AL, MAE SHRE. FIMETRERERIEE K T B I RETT KR
FER A GAR Ry, & B R R E A B E
FKir#E GB/T6109.11-1990 FIEK, M msfkm e EER FHE
WHE GBS BRMEIRE T 745 1%, EETRBEHER. FE
BRI & B EARE ARG R RAF, B 8L 2RS4
KEEEGMEERA RIFRNHRTR.

A TiCl, #1 NaOH 4 JR %}, lid #£5] T Z &6 & A RR2
EAATIGK TiO,, Bid XRD. TEM EF B4 Tio, Bkl
RAGEWHITRIE. 4 REW, 24 NaOH KREALE 5.5~13.75
mol'L™'. RMRERT 82°C. MiLATEIAT 2.0 h i, WLAE
EH&EOIARGK TiO,. FXK TiO, N FEKRMELELE
1 023K BB, HAEE N 873~1 023 K R RMIFIAEHN 0.3
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kJ'mol™, 1023~1273K B #&MIFEAEN 1.4k mol™, BEEIB LS
B SRR MK, 49K TiO, MR AR ER /. LR
% TiO, BUbi P TiO, & & EiX 99.7 %, ¥if2k 25~250 nm, 246
S AL,

KAV EMBERSGIHK TO, FhsiTa#, I
REMEI T RLE A T RN EH AR LR TR BE RIS T
SRR TiO, Bk B E . EHETXRFREIEER
B R A 77 ¥ 8 ST BT D B o ORER 75 o BOBCE R RS, IR x
Pisch ¥ HERIBEIT TIBIE. B TN T E &8 A K2 H
MR, GRRW, KRR FEEFESBE, W
VL E R ARG A 3 N B BB U, K
K TiO, FORLTE K RIS AR R AR HIE 150nm LL'F, &
F AR F] 2 1 m # 8] DIS /M 32 min $#2 & 2| 164 min, 45K TiO,
75 PAT AR /D M 30 pm 3/ 50 nm BAF, 4K Bk ¥
SRR A

KRB UTREF K TiO, HATLH RIS, REBR
MHEXTgK Tio, ATAEVIRE S, A XPS. XRF fl TG %
WAFBRIAEDK TiO, BRI ML F ¢ BAML. #otk
FEACE S T A K TiO RLAR 4 A IR 7 AR, JFE L 402K Tio,
UKL 237 A SR S0 K S T 4 oK BORLZE A WL ) 2- R Bt ok e
(NMP)FH) L. 45 REKH, 9K TiO, REILHE ALO: A RER
B, AR RERE, BIRREYK TiO, FUHLE NMP ) ¢ B
fL AR EF R M AEDIS. 99K Tio, R A BEERE T (R B
B TFROEWE NG, BRRE ¢ B S ERK, HEHAE
NMP FHEFARHRER =, DIS EIMK; 49K Tio, %W M A
B REVEENAERWNG, BhRE ¢ B L ENm, %
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NMP i ERRMEEIRE, DIS EK; + 5immmm. 4
BT FRBECRIFI R 27 PVP EESESK Tio, Fhi/E NMP
M ERARMER DIS. 2 LH/ANREREBME, XK Tio, 7£
NMP ] DIS {E \EE AT 166 min 32 & 2 438 min, 4>t E
FiRE. HIFORE B3R L5615 B ) DIS {8 AEAE R b [ BR 94K B0k
4 EE L.

KR m Ak e R SER TR 4K TiO, iR, & &, Tl
REBMW. FYREBM. U T B AR & X 41K
TiOy/PAl R-E&MEHR SR, A&, UV-VIS, #
& FENFEFBITHK TiO, BRLA TiO/PAl HEMEH T H
., SREFEIRBESE, DMK TiO/PAI HE
LTAHHE. 4REW, XK T, BALEH. SERHARS
AR ) 2 U X MR AR A BRI, 49K TiO, 7
B T REREHF MK Tio, TG E, REEShE
B2 8] B ey, R PE ST BRI F RIS e B B4 2k
MEHOBEIR, AT KRR & R A G R E S Ak P B R T
1 A #5.

KR RBENL, MR gOK TR, Rt Rt
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Abstract

Based on the analysis to the premature failure processes of
insulation material in the inverter-fed motor and the selective
experiment for the modification additives of TiO,, SiO,, Al,03, ZnO,
MgO, Fe,03, ZrO,, BaTiOs, a design for the material with nano TiO,
modification was proposed. The morphologies of the nano particles
were observed by XRD and TEM. The nano particles were dispersed
into polyamideimide(PAI) evenly and thus inorganic/organic
nanocomposite  insulation materials were prepared. The
high-frequency resistant properties of the relative nanocomposite
insulation materials were investigated by the high-frequency
resistant experiments. Experimental results indicated that the
high-frequency resistant property of PAI could be improved by
adding nanoTiO,, SiO,, AL,Os, ZnO, MgO, ZrO,, BaTiO;. Among
the particles, the nano rutile TiO, was the best material to improve
the high-frequency resistant property of PAL The regular properties
of the new electro-magnet wire prepared with nanocomposite
TiO,/PAI insulation material were met to the requests of Chinese
National Standard GB/T6109.11-1990, which permitted the new
electro-magnet wire to be used in reality. More important, for the
rutile nano TiO, prepared was a good dielectric material with good
properties such as dielectric property, thermal conductivity,
ultraviolet radiation absorbing ability and electric conductivity, the
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service life under high-frequency pulse voltage of the new
composite electro-magnet wire could be raised to 7.45 times. After
probation use in relative manufacturing enterprises, the new
nanocomposite material obtained good appraise and showed good
application prospect.

Rutile TiO, particles with different sizes were synthesized with
TiCl; and NaOH, and were prepared by controlling processing
parameters. Experimental results indicated that as the concentration
of NaOH was in range of 5.5 mol-L™" to 13.75 mol-L™', and the
reactive temperature was higher than 82°C, the stay time in reactor
was longer than 2 hours, the nano rutile TiO, could be obtained
directly. The apparent activation energy of grain growth of nano
TiO, could be splitted into two sections at the point of 1023 K, and
the apparent growth activation energy was 0.3 kJ'mol™ as the
calcining temperature was in range of 873K to 1023 K, and it was
elevated to 1.4 kJ-mol™" as the calcining temperature was elevated.
The crystal lattice aberration of nano TiO, was decreased as the
calcining temperature was increased and the calcining time was
increased. The purity of the TiO, particles prepared was 99.7wt%,
and the particle size was in the range of 25 nm to 250 nm, and the
crystal structure was rutile.

The nano TiO, particles prepared were dispersed by sand
milling and ultrasonic fragmentation, and the effects of relative
processing parameters on the dispersing results were investigated
with  settlementation analysis, granularity analysis and
re-agglomeration experiments. New mathematic models of sand
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milling and ultrasonic fragmentation were established with the
Support Vector Machine Pattern Recognition, and the Pisch model
was be modified. The new mathematic model indicated that with
ultrasonic fragmentation, the re-agglomeration process of the nano
TiO, particles was shown three steps. With combination of sand
milling and ultrasonic fragmentation dispersing method, dispersing
effect of nano TiO, was raised greatly. Initial average volume
particle size of the nano TiO, in water was dominated to below 150
nm, DIS value of nano TiO, in water was raised from 32 min to 164
min, and the diameter of nano TiO, agglomeration in PAI was
decreased from 30 um to 50 nm with the combination dispersing
method.

The surface of the nano TiO, particles synthesized was treated
with inorganic oxides and organic materials, and the morphologies
and structures of the nano TiO, particles were characterized by XPS,
XRF and TGA. The size distribution and surface charges were
measured with the ¢ electric potential analyzer and the laser
granularity analyzer. The dispersing results of the nano TiO,
particles in solvent N-methyl-pyrrolidone (NMP) were measured
with re-agglomeration experiments. Experimental results indicated
that when the surface of the nano TiO, particles were treated with
AlO;, the A1,O; could covered the TiO, as form of thin film, and
new chemical bonds were observed and which could elevated the
¢ electric potential and DIS value of the nano TiO, in NMP solvent.
And the ¢ electric potential of TiO, was decreased when the surface
of TiO, particles was treated with the tetra-n-butyl titanate or
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polyvinylpyrrolidone, but the DIS value was increased. The ¢
electric potential and DIS value of TiO, was increased after the
surface of TiO, particles was treated with anion surfactant sodium
laurate. The DIS value of nano TiO, in NMP was raised from 166
min to 438 min with combination of inorganic surface treatment and
organic surface treatment, and the dispersing effect of nano TiO, in
NMP was raised greatly. Experimental results also indicated that the
DIS value could characterize the disperse ability of nano TiO,
particles more accurately.

With the high-frequency resistant experiments, critical factors
about high-frequency resistant property of nanocomposite insulation
material TiO,/PAI such as the particle size, concentration, surface
treatment method, mechanical dispersing parameters of the nano
TiO; particles and coating parameters of TiO,/PAI were investigated.
The electric conductivity, the thermal conductivity and the
ultraviolet light absorbing ability of the nano TiO, particles and
nanocomposite TiO,/PAI material were measured with Megger,
UV-VIS Spectrograph and Thermal Conductivity Meter. The
mechanism of TiOz improving the high-frequency resistant ability of
PAI was deduced here. Experimental results indicated that the
high-frequency resistant property of TiO,/PAI would be affected
greatly by the morphology, concentration and dispersing effect of the
nano TiO, particles, and the nano TiO, particles were formed a
compact inorganic protective insulation layer under the Partial
Discharge (Corona) conditions, and the heats and the space charges
could be conducted quickly, and the organic insulation layer were
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protected from harms of charged particles and ultraviolet light, thus
the service-life of the magnet wire under high-frequency pulse
voltage was increased greatly.

Key words inverter-fed motor, insulation material, nano titanium dioxide,

disperse, surface treatment
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