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Abstract — The objective of this study is to alter the surface characteristics of modified ceria nanoparticles through
various surface modification techniques to enhance their dispersion and suspension stability. Two surface modification
methods were examined and compared: the use of cationic surfactants, such as cetrimonium bromide (CTAB), and silane
coupling agents, such as tetraethyl orthosilicate (TEOS). The effects of surface modification on ceria nanoparticles were
evaluated using X-ray photoelectron spectrometry (XPS), particle size analysis (PSA), and zeta potential tests. The study
examined the binding, effectiveness, suspension, and dispersion of the particles before and after modification. The results
indicate that TEOS and CTAB were successful in modifying the surface of the ceria particles, resulting in improved
dispersibility and suspension stability of the surface-modified nanoparticles compared to untreated ceria nanoparticles.

Key words: Ceria nanoparticles, Surface modification, Dispersibility, Ceria slurry

# <L, U 719

o
ofoll A E BAE wh= F93 94 F shR sl

TTo whom correspondence should be addressed.

E-mail: pjhoon@dongguk.edu

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

131

w2 ksl A FAg o7 K714 ol|A| 9 F e ks
2A9 ME B Sl o] 7hssh, S A MR
TReFgh ofoll Al A2} 7o) o] FA|ar QUTH3,4]. UNHE 0= A
2] o} Y]] AF= Chemical Mechanical Polishing(CMP) -0}of| 4]
ArpAl = AR =T, 2, Al Al Aol vl T oF
sk kol QUuh[5-8]. 15l = Alglole] AA et dArt &

S 07 ] A2 A3lE CMP 5 ofol|A g ﬂ%—O] i

I

ZAlole), 1, Aleloh gl s A S A 2 BeA e 2
o <la $417 Ao walsh=d), o] % 218 eMP £e9)

=g ol S7FH9]. ool mhet AlE] o A S o= Q1%



132 91 - A

=1

95 - AoE

rlo

CMP ZEA| 20| A 32 ARV 7} S7eto] Aa8|x] 7} 7 v m,
Ant m8A 3} 9 Fdo] AHErH10,11]. o] g BAIF 0= <l
3l 3#ke] el 7] 9 REE Aot flal Azlot 7nk gt
A g3t d ARVE WAE] $18k A5 7F AEE 1 gk
[12]. 7 2ol B /R, Faka £, 78 glojo] ¥4, Z2)v
Nl 5 ohekst W Eo] 8] Qict.

I FoME W RS iz s 54
Agko gy &8 HolE A= HOE, o]d digh A7}
k5] 22w 31 QIek13]. o] 3 3 A Alg]of lake] At
4, P, 28 AdS AT Tk ok st o
WA 0 7 AREE] = W el sk W N, el A B9

2, izt 39 A 5 ohekst whe) glom, o] g 1w

S8 ol uhet v q*g—g— %A
3 7N, EFM* qs 7HH 5

32 s 2

rﬂ Zha.ng 9] 391 APS—E— %oH le’ﬂOP %11}
712 sl e, olggt ofn| 7] E Sl Ut
3 M?ﬂﬂ}[s T3 AR Aol YAk A= 3
S ] u &8 ‘?JZH}OH S3o] Fhast

1

g =
tlo
o
=)
T 1.r

o 9 Lo
b oo S
0—|—‘
— o
ﬂ
5 3
_O|L
xe H
_g
e G
g&
=
H
g o
5 ¢
o
2
o
(U]
O
%
2
By
K
. >
=
>
=

o
e
ot
2

o N
—-
r}om

SO

& 2IeolA Absk Al UlX]ﬂ
Colefgh A= a1 gl Ao ok
o o8 7Fe e 7L 3l

e 2
>
>
2

M

]

o

0 o\ 32

kKl
iz}
)
L
o
2
s

A7} o] FolA
Nes GAdsk=d A3t Aig
AAE 2t} st} B Ao = AR A4 TEOSSF CTABS

ARgEEe] Mlglol 3 JiA-S J3si) TEOSE Mol &S] &
WS AFIE sk gl AREEH, A1) QAT sl S

AR TH13,15-17]. CTABE o) Al g Al 2 Alz]o} A=)
HEE ol 07 NATITH18-20]. ©]F B UAR] AV S
A7 QA 7] AT AR ekt B3] Hof AlE]of

hesizte] emp s & g H3A EAE
T e Zo® 7|ddrt. + TEOS, CTABE AH&-5Fo] Al
ote] TS /s o ] *ﬂﬂo} AR} EAE 5430w A=
Qe disl] A3, o152 MAE WEs FRlst] A3 zeta-
potential& X 315109 XPS, PSAE 3l Ak 548 54311, o
v 7R H S gt
2.4 o

2-1. A2 =2

& 5ol A= Ceria nano powder(A2]°}, 60 nm, KoreaNano-ot
Co. Ltd., Korea. )5 Q220 7AZ3H Mlgjo}E AREsIit). Alglol 3
WAAZE HEZSAE 4k 3-E(Tetraethyl orthosilicate
(TEOS), Sigma aldrich, USA), H.2713} | E 2] 5 (Cetrimonium
bromide(CTAB), Samchun, Korea.y& AFE-5}AT}H A g oA ALg-¢
Aol A Az At

== o~
[} .

Korean Chem. Eng. Res., Vol. 63, No. 1, February, 2025

. 5_}_-)\3

- - Jian Hou - Lei Zhang - ¥

PYE

2-2. M2[ot Li=URIe| &M JHE

TEOSE Algfot dzte] xS Aej7hz i ks v ARg-w v,
A7te] b33} ek 5732 WA g, CTAB: Yol
AR GAZ, Algjot YxF2] g o]0 2 NHAIA YA}
A S 3, A 3] e85 2RIt o] 5 o] &5 Al
of 3l e Thew} o] WAHUTHR1

TEOS 7N & 5747 200 mlel] TEOS 2 g7} Al2|o} 10 g& 37}
3Fo] 8-S A F3 F 30 min 7F 300 rppm S Z W RESFITE o] &
ultrasonic®l| 4] 30 min &<} sonications 135} F-H-8- A}
CTAB 7l1&-& CTAB 2 g¥} Al2lo} 10 g& 718t L3 Y&
igﬁ _Q_oﬂQ_ oqo-hq_ 040] ‘: _Q_oﬂo 500 ml“a;\_ E;q_)\i 'e%
{1 % 77} 80°C, 60CollA] 600 rppmO.E 5 h 53F W25 X35
WREZ|elA wykste] 327 7§ AkE Falaleh e Ao} f‘?j_
2~3919] A4 Al K sgIe) Aokl Eh e Aplwe] 58

o] AF QEA 12 h 243 T 715= WAt

N

o

2-3. JHEE M2[o} LE=RIXe] S It

MNA A% Mot =g 2te] £ 318H4 5732 zeta potential
271, XA 3R} 3371 (XPS) B AF 7] B4 (PSA) AlE
oJ3ll 3 7F= ATt zeta potential 41715 ARE-8F] Al2]oF Hes)
Zke] 33 Hsh g H7Fskelet. oWl HCl, NaOH 78945 ©|
83l 8N 9] pHE A3t Ao]dt pH 7oA AL 2sys)
At

Ale]ob vh= Qi Ake] Ak Adel W QHg A
potential 37}l A UERT 712 A% Qixe
] IS S8kl A (18] ARk
At

V,
Suspensibility (%) = V‘ x 100
t

B 0=

1%, Vaz e, Vo o AR

w
M
=

a

3-1. JHE H=2| Mo} L=} S

Fig. 1= 71 315-9] Alg]of =i At

HA

[ |

=9 Aglelct. 2 A

91 QA E ASHE APk AER, Yol F5F F A
19 B B B QAP Bol i A

4 ek 39 A91e) 8 Ak S 1) wbelel A1
] e 1 L e, ke sl B0 P19
elel A AFE TR ord B B S

A7 sloF k. Fig. 1y 714 A Alelol vingiate]
T} pH7} S7Fgtel| whet 32 907 ks Z1S gRlsieitt. &

%7432 pH 59} pH 6 Alo] 2 UERgth. pH=3Y i, Ale} 21912] 4
Agko] Holm, o]= pH=3% | 7 L=l A} Abo]oll A 7h 2
373717 Rbeo] ZAgRS: SJm|gith. =, thE Rl %, Wik &
5, FE 5)9 9 A oS uf pH=3¢lA] Alg]o} U
AR} 4k a7t P ok AE ER18HA T Fig. 1=
CTABE 70 ¥ Algfo} tp=Qlzke] 3 A=, pH7t 57}61011
upe} F7Fskal pH=5 o] F-oll= MY H= A gl Jlom T4 H

ollA dL1gke] wshrE vebstth 3 A9l pH=3014 @“A%k

39 28]

A AT



TEOS, CTABZ ©|&

40 - (a)
20 -

Zeta potential (mV)

1 1 1

7 8 9 10 11 12 13
pH

(3]
w
=
n
=)}

Fig. 1. Zeta potential before and after ceria modification, (a) before
modification, (b) after CTAB modification, (c) after TEOS
modification.
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Fig. 2. XPS before and after ceria nanoparticles modification, (a)
pristine ceria nanoparticles, (b) CTAB modification ceria
nanoparticles, (¢) TEOS modification ceria nanoparticles.
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Fig. 3. XRD before and after ceria nanoparticles modification, (a)
pristine ceria nanoparticles, (b) CTAB modification ceria
nanoparticles, (c) TEOS modification ceria nanoparticles.

Table 1. Element composition before and after ceria nanoparticles modification, (a) pristine ceria nanoparticles, (b) CTAB modification ceria

nanoparticles, (¢c) TEOS modification ceria nanoparticles

Concentration Ce (0] C Si Br
(a) 132 50.8 36.0 0 0 0
(b) 10.8 51.4 36.9 0 0.3 0.6
(c) 7.6 49.3 38.3 4.8 0 0
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Fig. 5. PSA before and after ceria modification, (a) Ceria before modification at pH=3, (b) CTAB modification at pH=3, (c) TEOS modifica-
tion at pH:
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