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Synthesis and application of CeO,-coated SiO, composite abrasives
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Abstract: The SiO, nanoparticles prepared by the hydrolyzing tetracthylorthosilicate were directly coated with CeO, by
chemical precipitation technique. The as-prepared samples were analyzed with X-ray diffractometry(XRD), transmission
electron microscope, X-ray photoelectron spectrometer, dynamic light scatter and Zeta potential analyzer. The thermal
oxide film covered silicon wafer was polished by CeO,-coated SiO, composite abrasives, and the polishing behavior of
the novel composite abrasives was characterized by atomic force microscope (AFM). The results indicate that the
monodisperse, spherical CeO,-coated SiO, particles have a particle size of 150—200 nm and are uniformly coated by the
CeO, nanoparticles. The isoelectric point of CeO,-coated SiO, nanoparticles is about 6.2, which displays a significant
shift toward pure CeO,. The shell CeO, is chemically bounded with SiO, core, and the Si—O—Ce bond forms between
them. The surface roughness within 2 um X2 pm area of thermal oxide film polished by CeO,-coated SiO, composite
abrasives is 0.281 nm, and the material removal rate reaches 454.6 nm/min.
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LEE ZPF1 SONG 25°V3 il LA K A S8 A6 i
DUVEF, A& TRARLE 300 nm A AT 1) AL A
CeOy/SiO, A KA 14 AR ILAETIN L IR 28 A i 1) il
T WRHCK YT CeOy/SiO, HAEERL, TR L
PFSFE R M. LED 20 im i Z m sle bk 10 512,
16 ALO; BERIFR M H R I el LA B A LA,
FFBEFESE PR T A B G . ARMINT 5501
il T LA L N IR IR IS 0 %, RN Si0, 5L CeO,
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(AL WU . IHe4h, CECIL 2513 a4 7 —FhLh
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1.1 SiO, Rz Hl&

HERINEK 40.8 ¢ B TR F, AL E 1K
23.4 mL, FFIIAGEETEK OEHRRESE 500 mL, $i
PEA) R ET 25 CHEE/KAE TR, 8RNV A.
FEFREIE AT 4B (TEOS)41.7 mL, [R)FET L F 15
K LTERGRER 500 mL, £33 Wl Bo 75 HLRESEHE
ZAF R ENSHKE S VI B N R R VI A H TN GE
R R YREEREFE 8 hy, BRAL 16 h JE B Uiie 0o B
VEBR(Z3 1 KYE 2 3, /K Sk 1 3), FHE T 70 °C
(e R EERE T, R P F B ST BRI I ) 42
500 CHLE 1 h, BIAIA32] 5 HEREAK Si0, ik

1.2 CeO,/SiO, E &M IAHIHI &

PRI B T2 rHl#5 16 Sio, ¥k 1 g, 43 HiE
50 mL 2585 UK, SR I A AU s Ak 2 8
FEIIANJEEZR LG A 125 10 /N 7R PR M A 0 /S I FH L DU g o
FEIC I 1) B A R B () 25 F R, T2 75 C R IR
N2 h, KGUTTEVNE LB PR (28 T /KUE 2
ToK GRS 1), FET 70 CodA A h 4T
WEEE, P2 500 CHEE 2 h, RBIA] 732 o )
CeOy/SiO, A MMA . LEARSLIG T, I I 2 il /S K A IR
MEET AN B, AT 3l £ A ] CeO, 78 1(20%140%
60%- 80%- 100%F1 150%) 12 &krk, i CeO,
UK (1) £ 72 HH [m(CeO,)/m(Si02)] X 100% K75 -

1.3 #MmBIRIE

FIH Rigaku X-IIT S ZAT A B FE S IR I AR 45
Ky, FEMETEEY 10°~80°; JHAT % Philips 2\ )
Tecnai—12 BUE 5 UGS i (1 TE S ARE A : F SR
Thermo ESCALAB 250 5% L7 BEHE /3 BT i 2 i
HIALA UL S 4Bk FHEE Malvern /4% Nano ZS
TR KO 3 A K Zeta FAS AN FERE i FRVREJEE 4
A R HL A
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FREL— 52 F (1) CeO,/Si0, & A BRI il I it e 7
O 1% 0RO, FHZUKKE B pH {HIH 2 10,
fE =3 N A S} 2 Struers /A #] TegraForce—1/
TrgraPol—15 TR & PHEH LX) Si0, /i 2 (FERERE L
HPEAEA K, A 1 pm) B TGS . H
H T ESHON : P0O6IEH7 0.025 MPa, )¢ E 1 min,
HORR R 200 mL/min, AR R EEGE B4 90
t/min F1 60 r/min, JOGESEL A LBV PI(MP-Mol,
152 Struers A #])o

IR 7 77 2 8% (Nanoscope [1la, Mutimode
SPM, [ DI Aw], M3 0.1 nm, Hin 5
ek 0.01 nm)WLEHIE 5 i R TR ESE, Wl
BIOCR AR E, I % METTLER TOLEDO
XS105 743 M7 SOk £ 4 0.01 mg) Bk i 16 1 5 S
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RLL 4T CeO, 1) XRD i1 1 frzx. A1 Hhaf L
i, fEdl& AR AT I BT CeO,
(1) " 4iE AT 5 06 (JCPDS34-0394) , 5t W B it P 47 15
CeO,. [FAIFIHEE AR AT CeO, WA MM L, £
i () XRD 1% Si0, IATHH KR AN &, 1 CeO,
(AT SR Ve ke i, AR i) A 7 R I 60901
JLFEEFEAZ SiO, FIATHIE, ML LAERT Sio,
WAZL LT D& 5844 CeO, L7
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20/(°)
1 AR CeO, WA ALK XRD i
Fig.l XRD patterns of samples with different coating
amounts: (a) Pure SiO,; (b) 20%; (c) 40%; (d) 60%; (e) 80%;
(f) 100%; (g) 150%; (h) Pure CeO,

22 Mme) TEM WER
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Re MFEMIT TEM AT ELE Y, Il 46 SiO, MUk:
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HKE 2 53 A 2t T LA th, FE S RORLRE 73 A AR AT,
W I ARBEO R EE AT I E (173 RAE 0 166.5 nm,
L5 TEM 145 M52 31 (1 ki K /N AR — 3

JT i 4 AN [ AL 78 K CeO,/Si0, A KA1 TEM
Bl 3 Pros. HIE 3 aTLUE H, Brifil &K CeO,/SiO,
HEMRRERIE, HRAA 150~200 nm /47, JFHR
HHEAPIRIEE LK, BEAE SiO, R CeO, Mk
HIRIATRAE 5~10 nm ety U ik 20%FH1 40%H ,
FE 1) CeO, KR A 564378 55 Si0, WA% R,
11 H. CeO, Bk ) e AN 5] o Bl (078 2 135 I,
Si0, WAZZRIH 1K) CeO, MURLEMTIG 2 M a ik
F] 60%- 80%F1 100%H}, CeO, ki AL ¥ Si0, W%
BN eR Rk . Hh R 80%MIFE Al
KOG RE LA 2, HAPERIAE 4 178.6 nm, 5 TEM
BT HAR W E N g R A — 3 (A ek F
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Size/nm

2 Jitl SiO) KUK TEM (SR 5 A
Fig.2 TEM image (a) and particle size distribution curve(b)
of SiO, particles
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Kl 4 Fros b2l Si0,. CeO,/Si0, B A (L
h 80%) LA K4l CeO, (1) Zeta HIAHE pH 1224k Hh 2k .
HE 4 iTRLAEH, 46 Si0,. CeO,/Si0, H A kALl &
4l CeO, 145 1L RI(IEP) 73 I 4 2.4, 6.2 F1 6.8 BT, £U
TR IR 25 S A S S SiO, i 4l CeO,. X AR
XKW, LEBRRNEEIFALTEREURN, F e
BRI Si0, WERTHIAAXT R CeO, FUKLIY)
Zeta W77 AE 0D,

2.4 ¥EEmEY XPS 9#h
MMRLER E R IR AR A AR, B HL R



166 A 0 4 A AR 20104 1 A

(a) (b)

100 nm

= i BRS A G, ””(d]

100 nm 100 nm

(€

100 nm 0.25 um '

3 AFEE R CeO,/SiO, 4K E A A TEM 4
Fig.3 TEM images of CeO,-coated SiO, nanoparticles with different coating amounts: (a) 20%; (b) 40%; (c) 60%; (d) 80%;
(e) 100%; (f) 150%
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Fig.4 Relationships between Zeta potentials of SiO,, CeO,,
and CeO,-coated SiO, nanoparticle and pH

80%)FE i 1] Ols. Si2s F1 Ce3d (1) XPS #5435 4n & 5~7
FizR, SRS Siv Ce A1 O JCRML SR 1
Fi%ie

M 5~7 Fige 1 o] LAGEH, AR O1s(0—
Ce)lf145 & ReFi o B2 JL T A AR R A AR 4E, fH Si2s
F O1s(O—Si)[¥1 45 & MK T 0.75 F1 1 eV, Ce3d
s S RERRIRT 03 eV, KAETHEMWENE.
Hh, FERENE O1s(0—Si). Si2s Al Ce3d i i 1
BRI . XV REAE T B 0 B O 3L SiL Ce
O JTCHEME EREAREZ .t T DAHENWT, FHE
il Si0, WAZER T Ce 03 LML 228 Y Si0, K4
fr BT Si—O—Ce . BT Si M fAPELL Ce
K DRI Si T i (1 v 72 BESE R, BRI K,
g Remkb; F, 5 Si A O R T AT
W A it e, BT 455 RRIRAC.

& 1 SiOy. CeO, Fl CeO,/Si0, HAMMAREMIN Ols. Si2s
M Ce3d &5 i

Table 1 Binding energies of Ols, Si2s and Ce3d of SiO,,
Ce0, and CeO,-coated SiO, samples(eV)

Ols
Sample Si2s Ce3d
O0—Si 0—=Ce
CeOy-coated SiO, 154.10  919.40 53225  529.70
CeO, - 919.70 - 529.75
SiO, 154.85 - 533.25 -

25 TR AFM JER
2 Ce0,/Si0, YKE A BRI (HEE N 80%)l

Si0,

CeO,-coated SiO,

542 540 538 536 534 532 530 528 526
Binding energy/eV

5 Si0,. CeO, Fl Ce0,/Si0, H &M AFEM I Ols
XPS i
Fig.5 Ols XPS spectra of SiO,, CeO,, and CeO,-coated SiO,

samples

CeO,-coated SiO,

162 160 158 156 154 152 150 148
Binding energy/eV

6  SiO, Fll CeO,/SiO, Z &K AFE il 1) Si2s XPS 1%
Fig.6 Si2s XPS spectra of SiO, and CeO,-coated SiO,

samples

CeO,-coated SiO,

930 920 910 900 890 880 870
Binding energy/eV

7 CeO, Fll CeOo/SiO, AW AFE A 1) Ce3d XPS it
Fig.7 Ce3d XPS spectra of CeO, and CeO,-coated SiO,

samples
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5, BRSO IEALZ T AFM BOW — 4R SR = 4 B
FianEl 8 fran. M 8 T LLE Y, e Ehk e i R i
BT U R AR, PR, 4 2
pmx>2 pm 3 F DGR EHTRE B2 0.281 nm, AHKE 2
YITIRE N 0.418 nm, &g LERF AT 454.6
nm/min. % ECICHR[S]. [1S)RI[16]RT 40, %6078 45 1)
CeO,/Si0, & A B R T LUAE I AL 0 3R 1 ot & (1) LA
b, ARG E AR 2R

1.0

Yy, 05 0.5 L

8  CeOy/SiO, A RHI G Ja ik i i ALK T AFM il
Wz
Fig.8 AFM images of oxide wafer surface after being

polished with CeO,-coated SiO, composite abrasives

1) LLAFIFAK Sio, Mk W, RS0
TEERI & TEOE . BE AR S Y, KR
150~200 nm (1) CeO/SiO, H A WA . Zeta LT3 HT 3
B, CeO, FUkr )0 7t 5 M ie2s 7 42 4 s 2 1 117 P
ST, ARSI B I ) 21 CeO,0 XPS
i g R, ARG Ols(O—Si)HI Si2s 45 &
RERAE T R IAG Z A, BHIE AT HERT CeO, Bk Y
Si0, WAL Z IA)JERL T Si—O—Ce 4, W& 77 A4k
g A

Ao

2) &Mt JE hE g A AEALE R TEE 2 um X2
um G F PCHLRE S h 0.281 nm, JWOGEIFAE, BB
F %L F] 454, 6 nm/min .
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