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Influence of surfactant structure on dispersion of nano-CeQ, in water
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Abstract The dispersion of nano-CeQ, powders was evaluated by measuring the absorbance of suspension
system,and the effects of surfactants with different structures on the dispersion of nano-CeQ, powders in water were
studied. The physical dispersion mode, the structure and concentration of surfactants were investigated. The results
shown that the dispersing efficiency of ultrasonic wave was much better than that of mechanical stirring.Surfactant was
a dispersant of nano-CeQ), in water,and its dispersibility was closely related to the structure of surfactant. The effect of
nonionic surfactants was better than that of ionic surfactants. The effect of nonionic surfactants with lipophilic groups
toward CeQ, particles was better than that of ionic surfactants with hydrophilic groups toward CeQ. particles. The
effect of surfactants with small hydrophilic groups was better,and the chain length of lipophilic groups was not obvious.

Key words nano-CeQ, ,dispersion,absorption

oK CeO, Z—Fh IR Z KM - A ALY . Bl
VU2 TR G RO A R R | A R b
PH AR A0 Rk H it Y o] A A R
{ELH T 98 K ORE 7 B AT BOR T T AR AR e g 3 T
AE . 1 94 K BL 7 B 5 W 3R, DR 0K 23 HORR A
2E0 L A YRR T AE AN ) A 5T ) B A 4 KOk
TA B RAT T o 38RO TG 4504 D 23
FA s UG IA 28 1 WO E

B T 115 11 790 ot 98 DK SR 139 1 P 2 A WORE 3% 1l
HERATA S NSRS ) N S A IO (R el T R
Al JE WA 28000 2 ] L BELS T DT 494 490 K 80K 114 53
1146 TR T i = B S i R S B B S i N

EEWMB . U THHEETHALTH(20095081)

EBB AN 215 = (1996 . Lo AL WP A, BN FR LR AT5T

B B Dy R A T I R R A S B T
PEFR . H AT E A R 98 KR 0 BT AS R 9 Joit v e
i 0 T R0 A BT o 1) AV i 22 45 R LR &
75 L 1 ) 25 73 3 T 5 A 5 0T 490 DK B A 7 £ B v
OPBRCR R, MBS IRIE T b Tk ik = AR
A B2 T 4 2K 4 A2 K A 5 1 e PR B2 . Said
SEUHA R & TR AR S A WOR A B T g T A A
(2.0 & RSN & TP TR i g pak B (e A 7
XA R CeO, M7 K A 20 HCHY 52 Wi B 4 1
A TR AR ST T 3 T 50 454 T 20 K 1A
TE 7K H i o3 RS E M DA — 25 DR 3 1 3 M 7 45
) Xk 498 K A3 R 3 A4 S Wi R

BE R OAHAMRAQ958) T W o, EENSOR AL T AL R AR A D7 m AT



+ 190 - o T BB ow 5 48 &

1 SCIG#ER4y

1.1 XA E5E

Ak CeO, (20~50nm) It iiE 40 (Tween-40) Fl
3 60 (Tween-60) , &1 22 sw bR A= B2 A R
A3 B 4 W 1000 (PEG-1000) ., % & — E 6000
(PEG-6000) . % Z ¥ 10000(PEG-10000) 5 2 —
fiE2 20000 (PEG-20000) Fl + — g 3k = H 3t 10 fk 4%
(DTAB) , [# 25 4 W 4k 5 3050 A7 BR 2 5 5 7 i 5 1R 41
(SHMP) | |+ = % & 78 i 2 41 (SDBS) ., it it 20
(Tween-20) Fl -+ bt BB 1R #h (SDS) . K HETH K %
AT s oSkt = R AL 8 (CTAB) , K
ik KAk 2 A R A

HLF K (BSR24S B L 58 2 B i B 22 {38 A
BN W 5 8 75 BT VR AN (Alex 2010 A1), H AR ALEX
MR 24t B0 HL(Anke TDL-5-A B, | g2 =R}
FALER T WO 43 M1 (Zetasizer Nano ZS #Y) ,
e E B R SCAX AR A R A | 28 AT UL 4y ok O B O
(TU-1810 #) , b 350y id FAL 28 A7 BR 53424 7 .
1.2 SEFHE

B — 8 BT A R E N R R R R B
0.02% 1 CeO, MM A% 100mL ZE 18 K 1 5%
PR B FESA A DU WO B 1Y 7 S Ce O ¥y
LNV N B € O 1 PO QA AL 7/ B L L o s W 1]
T P 700 5 ) R B8 45 PR 3R LK B R AR o T S TR
VRA P A BUS L ABO L, BA 20001/ min B
BB Smin, ARG KA B 08 L2 —E S
JEE A BUF W E A LG AL, R TU-1810 74 48 4h-1]
U3 55 BE I 4 R R RO B

B Reylength 23220 (D IR AT, WG B /N
55 BT VR R AR R B E L WO BB, B
V0 AR VR B e L B BZ A B Rl R e R
Hl Zetasizer Nano ZS AU i St 6L BE 43 #r AL & 1K &
HiBE

A = kn &P

A A HWOEEE 15k AW H B n AL

PAFRE V7 R 1 [ AR 4K

2 HR5Wi

2.1 #AXK CeO, METEKRP D FHIHE

40 R UL EL AT R 114 2 THT RE R 3R TR AR R
TI ML AR T AE T B 5 K A TR L B K
RORAR AR KB B0 R L 38 4 R R R

I 5 ZE AL 30 P ol A A R Rk
2.1.1 MM Hy;HEAT %K CeO, ik 5 # 7
il
ML A9 IO 38 2o 398 P T =Xt o 2K 49 oK Sk )
RO RS 25 1 RO ML 77 . 1 T 38 B9 90 K UKL 7E BILAR 1 1Y
YRR g o . 1 R AE ML FEE R
oK CeO, By RTEIK H B9 43 BUE DL . i FE I 18] 2
10min, i $ 3 Z& A 2001/ min FF 4 32 87 85 0, By 1k
WUk Az 200 55 UIVE 188 RO IR R P48k CeO, ¥
Ry ECE S . AT L, 2 LB S R R B in 2
600r/min B}, 43 BCHE T 52 400K CeO, #5 14 Fil
L [0 B 43 1 1A SR Gk 3 A
0.09
0.08r
0.071
# 0.06F
30.05—
0.041

0.03-
0.02

200 300 400 500 600 700 800
R /(r  min™)

BT WU R XTI K CeO, By A Jr v 52 i

P 2 g AELAR A FF B 32 6001/ min B, 3 P
XK CeO, ¥R A HPES . |y B A LA
Wi 5 45 1 s ) ) 1 I, R R ok CeO, M 1A 11 43
RO 80 5 A B P B 5 E] 30min B L 442Kk CeO, 43
B T Ra5E L 22 5 2k 25 186 in 43 5 i ) ok 2 B0 5%
M 45 /0N

0.095

0.090
12 0.085 |
S
X 0.080 -

0.075

0070——5 720 30 40 30 60
B} /8] / min

2 HUAREEFE I [ X 49K CeO, ¥ A3 10t 5 il

2.1.2 A F Tk CeO, 4k 4 % vh 5 7
I R — AT AR T A K AT SR ASUR 43 Y
U Y 23 A AR S 43 TN K UL 1Y) DG A
MR AR 32 300 AR B, 2 7 A R R Y R R
FUA R 30 L 3 i TR B A 2R B e AR Ak,
VAT 3R %) A 2K SORE (1] 1] it A2 O DT A 22 4 i, R
I b L 3 AN R A A R K R AR CeO, ¥
TRFEAT 43 B, (& 3 S8 75 B 18] X 4 2K CeO, M A1
SAEUIEOL . EITT DL 5 AR R /N 23 5 ) 44



%3 BRIG o 5 R PE R 25 R XK CeO, 787K Hh Y 43 0P 52 P « 191 -

K CeO, WA 4y BFEEE . B4 BFH 15min LAHT,
el B PRI TR A A 5 15 min S5, 23 HIK B F
IS PR R RS N Ay QI L S A -
BN FE ] 7 8, e S PRIk ) 23 P L S HOSOR
U BRI R] 8 B 1 0T L R R 3

R BEAT R

0.20
018F L pimpmn
0.16

¥

R 0.14f

g oo
0.12r — s —2— 8 — 2 —
.10}

0 5 10 15 20 25 30 35 40 45
5} 8] / min

Bl 3 A IR0 CeO, b 1A 4 BT (9 3

B4 R A — 52 o S i 8 2 ) o R P ()
XK CeO, Bk S HUPERZ ., 5 1& 3 XL al I,
AN AR BOR 9 25 8, e 40 % B Smin,
10min Fl 15min #9 W O B 43 51 O 0. 118, 0. 119,
0. 123,10 A 4 8L )5 . 76 = A 75 B R R S
5min, 10min, Fl 15min B W )6 & 2> 9] #2 &5 N
0.137.0. 155.0. 1625 78 35 2| 43 #8507 5 B, A A 43
BB 6 BE R 0. 12 2247 5 AN 43 1S 14 W% S B
AFLLIRE] 0. 18, AT UL A 4R BIOR S 43 ORI
B L KR PR A R T R A 4 B i A 2 B Y
TE 2K B 2 8 U 2 T, 81 45 44 oK JI0R 8] 1) HE 5 g 1
R Wl A 7 7 VR R 43 BOBURE B P U TR AT
BEEERRN . B 4RI LUE B S
AFE] B9 ZE 4, A 30 min JF 4R, 485K CeO, B 1A 43 ik

0.20
- (EEAHE —

L —e il .
18T L FRPHE  a
0.16F gt
o014} / /
ﬁ -— B
0.12f
0.10F

oosf ~
0 5 10 15 20 25 30 35 40 45
B 1) /min
P4 A 2 T )R R I R K CeO, Bk
Ui EER
2% LT IA B S A BOROR B AR T LR
I ELIA SR B 1 590 LA T A 3 T ) o BOSCR:
U5 AR TS MR IS L B S 30min LA, 23 HUHR
ABETRE.
2.2 SEFIITHK CeO, M 53 B BT M ©F 52

M - T8 3 T 3% A R L AR B 2R T )

T 3% T P4 790 118 23 7K S5 FAT R S il 56 T A R L
% 3% AT 14 390 198 23 7K 35k FAT R S 3 56 1 X 402K Ce O,
o A 53 HICPE B 52 e, R IBOAS () 45 A Y 3R T P R
(Bl 5) , A 45 B+ 5 55 K 3 BN [A] ) SDBS, SDS Fll
DTAB; 2 i % HI A [ ) DTAB #1 CTAB; JE & 1
TR % 3 5 AT A [ gk 3R R 5 R S MR LT 5 (e ]
N RA AR B RS Fm G R LA 5
(D7,

o]
I
cnnzs@—soma CH,(CH,), CH,0—S—ONa
a b O
CH,(CH,),,CH,—N(CH,),Br CH,(CH,),,CH,—N(CH,),Br
c
(OCH,CH,) OH
of )—(OCHCH)O0H  po-fcH,—cH,—0}H

RCOOH,C”  ‘(OCH,CH,) OH ¢
e

B 5 A T] 2 0 M 50 0 4 F 45 4
[(a)SDBS; (b)SDS; (¢)DTAB; (d)CTAB; (e) I i 2 51l i
LS 5 () BAGE 38 S £ 075 T 3 2 1 2R 90 3 o 4 v ¥

2.2.1 BIFRSHEAFHK CeO, Bk 4 8%
) o
X BT AU TS PR Lk 3 o i 3 A
e — % 1M 2% 7K 5L AN [6] 1) 91 88 - 2% 1S M ) SD-
BS.SDS FIBHE] + & m i ¥ 7] DTAB, B 6 &+
TR 2 T8 355 P 3 X5 9 K CeO, M8 A 3 1l M 14 5% i ify
2. o BT UL BH S - 2R T P R RS K 3 AT R
{140 B B - 2% T 355 7 70 e R Kok o W X R i AN L A
IR B — WSS L A B TR R 5 T S 2K A )N
1) SDS Fifi 5 ¥ 2 10 38 0 Xk oy 44 43 HICVE 52 ey {2 14
s EL X v B RURR ORI F DTAB #1 SDBS, iX 4
B XoF T 8 - AU R T I P R o K R LN BT Y G
R .
0.30F
0.26f

0.22r

s
5 0.18f
=

0.14r

0.10r

0.06 .
1E-5 1E-4

1E-3 0.01 0.1
W BE/(mol - L)

P 6 S K R P AN [W) 14 8 22 3 T 3% 5
AR CeO, H3 M A3T81E 52 1

AWFFERII B TR R B T R 3R I
SRV R (EVEE = N A i B TRGER e 20 N e
LT A W B R B A& 7 TR . /T () R gk



¢ 192 1 T 8 B 948 &

CeO, B HURY UKL 24 38 17 % P4 70 ok 32 5 Ak
B THT 175 P 7] T e R T 0 O R 3% T, i 7K 5 AT i
i) AR B LA 7 Ch) KL % 1T A i 7K A 3 53k,
AR AR 2R B A RE 9 K UKL 2 0] 25 55 e A AT 3R L 0%
RS E M RE R 5 2 2 280 3 T 3% P 5 381 ok — ¥k
JE I o T o0 6] B K A A T AT e g K B Y
I 8% P 0 o — 2= g 5 2R R TR P AR I IR 3 T
T 14 27 7K R PR K AR S B B 7K 2 s O 55 7K 4%
S A A BB S8 (8 290 DK U AR RE 23 BT K R AT 4
ST HCPEL P 7 Cod 5 T 2% 0376 50 ) e R - 4 2
BRI 20 HOGR 20 1 R B G 45 1 R BRI O A0 K
CeO, M AHy o BOPERS 2 T B, X By Hu e T
PRI AT /IS 1) 5 - 2R 3 TG R0 B 1) 0 BIOROR

olﬁ%&

Pl 7 oK B T TR TR 4 AR A R 2 T 1 % B

[Ca ik CeOs UL 5 (b I ¥ J3 25 1 0 1k 390 08 S F 200 K

R P 5 (o T8 iR 8 26 T 0 14 500 02 - 94 K T

ok e i NI S TR A 1| PO S
CeO, MR 43 B (19 52 WA, 3 A 2 /K 2k TR [R) I 2
I 5 A B KA R P B 2 TS R CTAB A
DTAB, EAMTX 41K CeO, ¥4 43 8 1k (1 52 i W
B8, B mLLE W, DTAB B W % E 1% & F
CTAB, XZHN K CTAB B8 K MR K, &%
T 9% A 70 25 5 W B TR R T S T S A A i 4y K
T MRS

025———
0.23f —> CTAB

021
# 0.19} /\
R —

go.17 .77;\{7/

0.15} ¥
0.13f
0.11f

1E-5 1E-4 1E-3 0.01 0.1
WP /(mol - L)

B8 S i ik AT AR [) 4 8 7 25 3 T % 1
XK CeO, A4 Mk 1 8
25 L P aR Ot T B R SRS R R L R K B AR
INEFITAK CeO, MM AE K H 9 43 1850 T 5 T
VAT A 1 5 i D 652 /)
2.2.2 BT HHEA K CeO, Bk 5 i
LACE R
I 3 R 1) 3 T R 790 A 2R AR 0 R K A e

BRI . R K B A R O 5 Ak iR T
H3INRA LN FEAKILA, 94 K FORL I B K 1k AE
FH A 0 o =l - 2 1 0 e R A R ) 2R AR 0 i
P E A KA 2Z s, FEAE AR 1 56 A 1) CeO, R,
T8 I A8 JRE 1 K Ak BB, HL A s Je) 7 BELVE FH . AT i
CeO, KR EERMA TP, B9 Jyuk ik &5 %E
TET 36 PR R X 4K Ce O, M3 44 20 B0 19 5% i) ply [ T
PLE i 3 2R 90 3 TS R ) 6 98 oK CeO, H3 1R 2
B R KN R 60> 3R 40>k 20, i IR
FR 1) 3 T T 1 790 2 3R A 20 2 K L Y T N AN TR 1R T
JR I g AN ) 22 4 S 3 20 S R S M R K I AL
P IEF B ] RERR TR , ik 3R 40 Ry R AR 20 R K Ll Y I
PARFRE RS . vk TR 60 by 2R £ M R K LU B I BP0
NIRRT . 2% Il 5 P A Jo L AR IR Oy < k3R 60>
IR 40>k 20, BT, 55 T 3 P AE K AR A B
T 3 TG R ) 8K CeO, W3 A Y 43 11 B2 i
%N,

0.30 . »
028+ = ween:40

*— Tween

0.261 4— Tween-60

0.24f

0.22f
$ 0.20F A
= 0.18f =

I ””‘—::1”.

016 " -~

o1l . N

0.12f -—

0.10 . , ‘

1E-5 1E-4 1E-3 0.01 0.1
W BE /(mol - L7Y)
P9 ik i AR 9 R R 6K CeO, R A

53 B 5 e

K 10 & PEG R R M 540Kk CeO, 5
BREMEN R NE R LLE L B & PEG-1000
W E B I0, W O B B S 3 S T BE R,
KA 1 B F 3% M F) L PEG-6000, PEG-10000 Al
PEG-20000 ifi 7 FH & i 385 0, WO B8 320 i 34 i, 348
Wh o FalR, PR, RmEER S TR
AT A A5 5 L 4 T AV R R R g gt il
RZRWB T &, NG T 40Kk CeO, By 7E 7K

R A R T
0.34F =" pEG-1000
0.30F “2 7E¢ Y000 P
0.26F —v PEG-20000 /
022 e
FELINE] S G —Cl foin
Ko —— o — \
olof T
0.06
0.02k .
E-6 1E-5 1E4 1E3 00l 01
e BE /(mol - L)
B 10 PEG F I FE Gt R AR CeO, B i
3 T B 52 i



%3

BRIG o 5 R PE R 25 R XK CeO, 787K Hh Y 43 0P 52 P .+ 193 -

ik — 25 % S Ay WO R P R L L EDTIE T R
R, K11 2 AR50 PEG R38O0 1) 53
BR R CeO, MRARAEARE DL, i B AT UL, 78 43
BRI BE /N 110 mol/L B, 43 BR & CeO,
WORLRL A2 B 2 a3 T Ok B2 5 0k 183
# K, Hi PEG-20000 9 HUR &R CeO, HIRI1R
Homoe Sy W vl A Bk E RO . X BRI,
R A L BRI MR PEG 43 808 1 B K B T
SR E A, I HEREG 4T ik s — a2t
B A B R

—=— PEG-1000
—e— PEG-6000
4— PEG-10000
1 o- v— PEG-20000
2
= i
1000 v -
e i/: -

1E-6 1E-5 1E-4 1E-3 0.01 0.1
e BE /(mol + 1Y)

11 PEG Z ) F MG RIS 9K CeO, Ktk i 5

-l
o3

3 %

FTEPEFIE AR CeO, FE KA 43 BK
7R o O 5 3R T R R e B A EEOC AR
S e B, A TG PR W E ) 0. 0lmol/L 72 45 1)
- FME MR 9K CeO, EK T By 43 UM ¥ Ak T
B IK A 5 A [] 2 T 355 7 790 25 4 XoF 40 K Ce O, 7E K
o> EOPE B B 2200 e, A R AR O
SRR A 1 R TG M AR D 1K CeO, FEK
19 73 5

&% ik

[ 1] Tiseanu C,Parvulescu V, Avram D, et al.lLocal struture and
nanoscale homogeneity of CeQ;-ZrQ; : differences and simi-
larities to parent oxides revealed by luminescence with tempo-
ral and spectral resolution[ J]. Physical Chemistry Chemical
physics»2013,16(2) : 703-710.

[ 2] Zhao K,Qi J,Zhao S L,et al. Multiple Au cores in CeO3 hol-
low spheres for the superior catalytic reduction of pnitrophe-
nol[J].Chinese Journal of Catalysis.2015,36(3):261-267.

[3] ShiL M,GaoC L,Guo F H,et al.Catalytic performance of Zr-
doped CuO-CeO; oxides for CO selective oxidation in Hz-rich
stream[ ] |.Journal of Rare Earths,2019,37:720-725.

[47] NiJ] M,Zhao X J,Zhao Q N.Effect of heat-treatmet on crys-
talline phase and UV absorption of 60Ce02-40 TiO; thin

films by magnetron sputtering[ J].Journal of Wuhan Univer-

[5]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

sity of Technology-Mater,2012,27(5) :881-885.

Liu X Y,Liu Y L,Liang Y.et al.Optimization of slurry com-
ponents for a copper chemical mechanical polishing at low
down pressure using response surface methodology[ ] ].Micro-
electronic Engineering,2011,88(1):99-104.

Yang J] C,Oh D W,Lee G W,et al.Step height removal mech-
anism of chemical mechanical planarization (CMP) for sub-
nano-surface finish[ J].Wear,2010,268(3/4) :505-510.

Sung M C, Lee G H, Kim D W. Single and polycry-stalline
CeO; nanorods as oxygen-electrode materials for lithium-oxy-
gen batteries[ ] ].Nanoscale,2018,10(45) :21292-21297.
Wang H Y, Guo Z S, Xing G E, et al. Study on prep-aring
nano-sized ZrQO, by different techniques [ ] ]. Nongye
Gongcheng Xuebao/Transactions of the Chinese Society of
Agricultural Engineering,2006,22(8) :753-759.

JEMAE ik T B AR L AR AIK AL Os JURLIY 43 BOHL LA 53 3E
R[] 8RRl 2: 52 ,2017,40(1) : 115-118.

VLRCAS , BB A L sk PR B, 45 A TR) 3R 1 0 M 7 X 4 K B 7E &
B 23 AP R 9 52 1 L .0 AT 5 08 A RE S AR L 2007, 36 (4)
724-727.

V5 #% , BRI AT 00K A 1 ) e B AR K A B Y 43 T

Said Z,Sabiha M A, Saidur R, et al.Performance enhancement
of a flat plate solar collector using titanium dioxide nanofluid
and polyethylene glycol dispersant[J].Journal of Cleaner Pro-
duction,2015,92:343-353.
TRRRE 2208 e, A 55 7S D K Ay IR 3 4K Si0,/Ca-
CO; /Al Oy UL/ R B9 52 W [J1.2018,32,300-304.
Zou H,Wu S S, Shen J.Preparation of nano e-alumina powder
and wear resistance of nanoparticles reinforced composite
coating[ J].Powder Technology,2014,257.83-87.
JEV L Ik RURE L R U A WBOAH v 4 oK JURL 43 1O v F O E R
[J].Plating and Finishing,2013,35(2) :8-11.
TR AR L BT R B R S R e A ML 4 L b et e
Tolk R A . 2012 74-80.
ZRUR , 2 0. P 50 B Ok X R K R AL T A K R R b b
s L) ], 88 5 i, 2011, 30(8) 1 21-23.
Birgit B,Frank H, Alois K S.Ultrasonic dispersion of inorgan-
ic nanoparticles in epoxy resin[ J]. Ultrasonics Sonochemistry,
2009,16(5) :622-628.
AR5 . 4 T8 A AL W 4 KR 119 43 8 R PR AR v e ).
M PER R . 2015.30(5) :67-70.
AR RSN 5 AR E AR LM 5t 053 Tl i At
2003.12:158-170.
Wang P,Fang J,Qin S, et al. Molecular weight dependence of
viscosity and shear modulus of polyet-hylene glycol (PEG)
solution boundary layers[ J].Journal of Physical Chemistry C,
2009,113(31) :13793-13800.

Y is B3 :2019-07-30





