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Preparation and properties of stably disper sed nano ceria colloids

JI Dingxi, HU Zhenhua, LI Junwan, LONG Guojun, WANG Yuanyuan, MENG Long
( Xi'an Thermal Power Research Institute Co., Ltd., Xi'an 710054, Shaanxi, China )

Abstract: Nano CeO, colloids were prepared at room temperature using Ce(NOs);*6H,0 as cerium source,
NH;*H,0 as pH regulator, and polyvinyl alcohol as dispersant. The structure and properties of the nano
CeO, colloids obtained were then characterized and analyzed by FTIR, DLS, XRD and TEM, followed by
discussions on the possible formation mechanism and reasons for the stable existence. The results showed
that the mild and simple preparation process led to the formation of nano CeO, colloids effectively
dispersed in polyvinyl alcohol, whose crystal structure was face-centered cubic of fluorite type with an
average diameter of 28.2 nm and stable storage for 12 months. The UV aging resistance and thermal
stability of waterborne polyurethane modified by nano CeO, (CWPU) were further compared with those of
waterborne polyurethane modified by 2,4-dihydroxybenzophenone (UV-0) (DWPU). It was found that
under the same test conditions, the yellowing degree, yellowing value and wear loss of CWPU film were
decreased by 58.2%, 62.5% and 56.4%, respectively, and the decrease rates of tensile strength and
elongation at break were reduced by 47.8% and 43.3% in comparison to those of DWPU film. Moreover,
the decomposition temperature of DWPU film at 50% mass loss was 310.62 °C, at which the mass loss rate
of CWPU film was only 12.35%. The temperature corresponding to the maximum thermal decomposition
rate of CWPU film was about 80 °C higher than that of DWPU film.
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11 KFENE
Ce(NO;);*6H,0, AR, iV fi A= 9y 155 25 45 FR
5Fl; PVA (B1%E1799), AR, BT E—ILTHR
IvFl; (NH),COs. WERFR (4 37% ). N-H
FEMEIEBEE] (NMP ), AR, KEmi RNk 278 )
FHBRAF; &K (NHyH,0), “IETH . =2k
(TEA ), AR, REMRKIFAFAR LA ; F
M Itk (PCL, M,=1000), CP, ¥ 7 @)k
TAHBRATE, FRTTE 100~110 °C. HA5FEN 0.09
MPa 7K 2 h; S /REH — 5 & LA (1PDI ), CP,

FH (hE) ARAFE; 1,4-T 28 (BDO), —H
i)k T %4% (DBTDL ), CP, [FEZ54E kAR5
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mifRAARAR s =B R AL (TMP), CP,
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BHEABRAH

MXF S8 FHRE R il 4 HpL, ¥ IRETS0 A
FRNF] 5 Vector-22 BRI HLIM- AR 2T /MG TN, F
Bruker 2\ Fl ; Zetasizer Nano ZS 4 K ki & L (3 4%,
3% [E Malvern A 7] ; FEI Tecnai G2 F20 S-TWIN %%
SPHT AMES, 2£E FEI A H]; D/max-Ultima V5
X WEAEHL, HARMEAT; GT-US B ZI5e
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1.2 #hk CeO, Rk HI &
1.2.1 PVA Zi& o9 #) &

)T P FEAR | MLV BE A FI B8 2E 1 500 mL
=R INA—E R PVA LB T7K, THEZE
95 °C, fiifl, H 2 PVA T, fRI 1 h J5 kL,
AR R A2 B0 h 8% PVA VW, IRV, &,
1.2.2 41k CeO, IRAR# 4] &

R PR . IR BEE P BE ZE % 250 mL
=B EIRMA 3.5 g(8.06 mmol ) Ce(NO;);*6H,0
4.6 g (47.92 mmol ) (NH,),CO; Fl 60 g JFi 434
8% PVA W, =il FHcE 2 h (7 70 S i, SR
Ja R R INA NHyeH,0 JEEA50h 5% ik
PVA W, W VAR pH=9.0, FRF5 AR IR
JEARAS , ARLERN 2 h, BIAIAS3]40K CeO, A .
1.2.3 WPU #4) &

) 2B Pl o IRD IR VA B A R I SE 1 T Mg
250 mL = B A 8.5 g (38.2 mmol ) IPDI,
11.7 g (11.7 mmol ) PCL. 0.5 g ( 5.55 mmol ) BDO,
1.0 g (7.45 mmol ) DMPA % 5 mL NMP ( 1 Jy fii B¢
#),7E 80 CFANA 0.2 g #4558 DBTDL &) 2 h,
K OE T BRI E U E —NCO ik B B S R
SWFE RS, iMA 0.5 g( 3.7 mmol )TMP i 1 h,
W&l % 50 °C, finA 0.8 g (7.9 mmol) TEA HFIJ
M 30 min, ANAE KGRI, Hk
T ECN 30% WPU FLil, & H.

1.2.4 41k CeO, Bk BOPE KM B R BS 64 ) &

$5.0 g 1.2.2 T4 HI9K CeO, IR FEE T
T2 1.2.3 Wkl H WPU S, F1 v 4 B
ML, LA 4000 r/min (53, =58 30 min, {75
TR 80 30%B940°K CeO, AR M 7K 1Mk 38 24 Bk
(CWPU ) FL# -

1.2.5 UV-0 B MM R A5 &
)T RS | MLV BE A FI B 2E 1 250 mL
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T = B A 8.5 g (38.2 mmol ) IPDI,
11.7g (11.7 mmol ) PCL., 0.5 g ( 5.55 mmol ) BDO.
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K TOE T MR i E U E —NCO ik B B S
SRR S, iNA 0.5 g( 3.7 mmol )TMP [ 1 h,
FANA 1.0 g (4.7 mmol ) UV-0 Zi 1 h, ARJGFHEEE
50 °C,finA 0.8 g( 7.9 mmol )TEA FRAISZ I 30 min,
N8 TR & mE sy UL b8, s s a5k
30%H9 UV-0 etk MR % FE (DWPU ) 2L
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THEA T 60 °CTFTH: 24 h, RE1JEW T e i Hie
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1.3 4% CeO, LM RIS HEAEMIK
1.3.1 FTIR @&,

I AR B AR 5 2T AN, 38 2 3 e 4 s
LI AN %3 ( ATR-FTIR ) 30 5% 3 5035 Bl R 4000~
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1.3.2 s A&x#4 (DLS) @&

B R FRARE, HEB R 12 999
PR B R 80N 0.1%, F FHANKRLEE B AV S 3t
Yk CeO, W F-HRite | Rite oA LA K Zeta LA .
1.3.3 A4 X

B — PR AR A R B T 33t a8 Y %) B O v 28
B, TEARKM T EENAE 6~12 A, ek
FEREAS 4 AR TR, FHIE A7 1) ke 26 R Hil fi ke v
1.3.4 TEM alX

BULVRAAE, R TR RE 3 © 997 ks
J AR 0.3%, SRR R EINEL A 230 H 958
WSl I, TS, FIIF TEM ISR AR 711
THOURTE B3 o I3 25 2F < L2 40 L, sk Pl A 200 kV
1.3.5 XRD @4X

YIS mmx8 mm K/NAYIRAAER I, R X 5
LT FHASCI S K S 4G e Be R =R,
Cufll, K, MASHE, A ass, ASK A
0.15406 nm, & HLEHN 40 kV, FHIF N 40 mA, H
N 6 (°) /min, FAHE A EEVERN 10°~80°,
1.3.6 AL AL M K

e i FBE Y R B A | T R 43 4% GBY/T 23999
—2009'"*VH1 GB/T 1768—2006 #4752, Tif 5 25
) 6 5 BEURE Sy 0.68 W/m? . I h 300 nm £
LAMNT RIS, e e B ZE 24 48, 96,
120 1 168 h LHMNEFA PG R FEAFEE (AE)
WA (b A o WHEETEM ENLIZ 0, 24, 48, 96,

120 Il 168 h 2841 G Ab HS A4 ekt e 58 R ik 58 %oF
%, PRI R EE W 3R 60 r/min, ik 750 g,
MR EE R (25+1) °C, MIXHBEE R 50%+£5%. J1%#
PEREM DAL 24, 48, 96, 120 F11 168 h L4NEH}
AR 3R ) O R A AR X 42, L 45 mmx10 mm
MR, FLHE R Bl 200 mm/min, i FHZIh6E
MOBHR S MLIEA T Hr o B2 A 24P Sk, S
M 3, 45 FHCEEE,
1.3.7 TGA #|4&,

FREE 5~10 mg e, RAAEZMSIHL, 7E
N, T #E17T TGA ik, FHEEZE 10 °C/min, ]
IR 25~600 °C,

2 HR5HE

2.1 #K CeO, KK FTIR o 4f
1 YK CeO, IR T 15 BY FTIR 3514 .

3258

1327 1087
4000 3500 3000 2500 2000 1500 1000 500
BHU/em™

K1 44K CeO, AR T4 )5 1Y FTIR 1[4
Fig. 1 FTIR spectrum of nano CeO, colloids after drying

ME 1 AT LLE 1, 3100~3500 cm ™ 4b K PVA Hi—
OH ) {245 I S W WAL e , U8 T2 5 9 . 2940 1 2909 cm ™!
Ab B W AU SR AR AT C—H B 45 R B, 1087 em !
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OH 45 M4z sh Wi . i T PVA 2SR £ 4 TR 1)
B =1, R Y PVA BEf#E N 99%, PVA 431
AR A DRSS, FTLIZE 1655 em ' AR T
C=0 HERYFRNF g L 1410 F1 1327 em ' 4k A ARAF
UG XoF N7 119 2 i 5 1 X FR 5 AN X FR A A PR Bl o R
CeO, [ FTIR — & 7E 700 cm " B 32> Hy 30 55 W fic i
FE 400 em ' BRI BRI S S 476 em Tt AR I
Wi JE F Ce—O HEMMMAETRSN, FIfHEE PVA 1Y
AL A F MR T A I BB R A S, Ce—O HREEK
g, PRI, SRS L A R
2.2 K CeO, RN 2 RISTE ST

1 RGO A AR 40K CeO,
JREAARIRLAR KN | LA 53 A 48 B I ARG R 1Y
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DARREE , EYPRIARAE 25~30 nm Z 8], KR4y ATE
# (PDI) ¥<0.3, WRREMERL, nlfEl {7
121H,

E 1 YK CeO, RAARF-EhiAe . PDI K I A7 A2 1k
Table 1 Average particle size, PDI and storage stability of
nano CeQO, colloids

B et 1 etk 2 3 KR4 RS
¥4 4% /mm 28.2 29.8 27.7 25.9 26.4
PDI 0206 0251 0.196 0224 0253
ERERA 12 12 12 12 12

T el 15 AT A HORE A

Bl 2 R FHARRLEE B AL B 2K CeO,
JEEAA R KA I3 A T4

10 20 30 40
4% /mm

B2 4K CeO, IRIRRIRAR 44 K

Fig. 2 Particle size distribution of nano CeO, colloids

E 2 AT LA 95K CeO, AR I i i A2 43
YEHE A 10~40 nm, RAASMHEAE, FERAN
28.2 nm, XA K, 24 PVA AR NIAZR S, &
RIRRYESH N, AR T T PVA 4> 1Y
H &l IEH, W FIEREAZEESTWER,
1E L S AR 7 1T AR 5138 L) PVAL R BE 43
T, 23 (A7 BELAR I S 25 5 Ji s 5 Je AR T i ol 5 45
HMELLRAEUS S Htt, T PVA 43T BB AR AT
57855 Fu B0 o S 1 3 39/ YA o AN RO 4 b7 N YA e 4D 5
FE, AR O, IRE BRI R E T, 9k
CeO, IRARIAR A A7 25 K, UL PVA K
STHGR, W DURAFRLAR S A8 L K AR E IV A7
B4k CeO, A,

B 3 AR FHARRLEE B SGNAR 40K CeO,
AR Zeta AV, ME 3 B DIREH, 40Kk CeO, i
IRTERRTE SE T Zeta Ho A2 48 RHE /N, 100 Bl 5 B PE
Fydg e, A EZ TR, H 2 S AR S
JEWA TR LRI, A S R S LT
B A5 A T AR AR R AR E . XM T Zeta
L AR 246 X <30 mV B, ok 7] A i L 138870,
AN JE DU (] e A Sy, Rk, ok 75

LM FEUA R AR E KA, 24 pH=9 Af, Fr
FRAK CeO, IR M RE MR I df, mT LA B30 43 P
PVA i, XHA[HEYS OH 7E4IK CeO, MK 3 1Hi
HIWE A 56 . A0k CeO, KiT-RIMUEE PVA
T, RS EmHSRKE, RERTFEA R
KM, WWTH OH 4 5 5 AR I8 i s v
W, T rEKALZ T HES B AR A, kA
TR Ay B A Wiz g o SR T, PRI, O
S B R AR R, Y pH BARET, Bk
FERZRTH OHVREE SR, MR R Mk H]
W BT AT A, BT W B SRR R, P, AR
) Zeta HL 4% (H 2Bl TR

101

5
0r

ZetaB \i/mV
bl oL
S W O W

pH
K3 94K CeO, A Zeta HLA

Fig. 3 Zeta potential of nano CeO, colloids

2.3 #hK CeO, B XRD 4 #f
4 RYK CeO, AR TS B9 XRD 14 .

JCPDS No. 34-0394

~
(=]
N
N
N~

(111)

(311

TR /a.u.

10 20 30 40 50 60 70 80
20/(°)

K4 99K CeO, AT #2519 XRD # 14
Fig. 4 XRD pattern of nano CeO, colloids after drying

M 4 ATLIE Y, FERTE 20 =28.55°, 33.08°,
47.47°, 56.33°, 59.08°, 69.40°, 76.69°F 79.06°
Aib H B AT S0 A B RE(111) L (200) , (220) ., (311),
(222). (400). (331)F1(420)f0f, 454 JCPDS No.
34-0394 #RifEST T CeO, Y XRD JEE, — & ISR
VERC, WA Az, Ui BT B m Al i,
HE A WA BRI CeO, AR ARYE X BT AT
IS, TSR SF<100 nm B, Bl SRR 28
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N, TEETIER TEAL IR ARG W, IR B A I
WG I K 45 R R A Sk e 2 AU R 52 e, m] DL
Debye-Scherrer A& R E, Dy = kA/Bcosd,
Hrr: Dy AU T S Chkl) J7 1) b0 Sk B
%, nm; k N Scherrer #%40, N 0.89; AN X HF£k
ASFIEK, S 0.15406 nm; 0 NATRIMEATH A, ©; B
AT SR B I TE , rad. TS RNGKK T B
%o 26.8 nm, SRR AL RIEAY S 4
A CeO, MTRERY SN AR NS (1) ~ (4) s

(NH,),CO; +H,0 - CO, T+ 2NH;+20H" (1)

Ce*" +30H™ — Ce(OH), (2)
4Ce(OH),+ 2H,0 + O, — 4Ce(OH), (3)
Ce(OH), — Ce0, +2H,0 (4)

BI7E S I 41T, (NHL),COs B 557K fi S NH; .
OH il CO,, HH CO, IAMRIMIER Bk, RIGE
Ce’" 5 OH 454 LMLt Ce(OH); FhafA, il
Rz a3 S EAL ROV A2 Y, Ce(OH)y, ficJitt Ce(OH),
LMK B AN K CeO,

2.4 #% CeO, 8y TEM & #f
& 5 2 TEM WLEL 2 40K CeO, ITE 35 FIZE 14 o

K5 9K CeO, BAKMIMEAE (a, b). @&l (¢, d) TEM
PRI XL AT AT (e)
Fig. 5 Low-magnification (a, b ) and high-magnification (c,
d) TEM image as well as SAED pattern (e) of nano
CeO, colloids

HE 5a ] UL, 44K CeO, ki 28k, ki
JER/IN, FE PVA PR ScT . 3X T REJE T AE
gk CeO, LR AR H, LI PVA A EGH, TE4
b N & 111D A LU P A [ e e [ A B
FeAR e miok 1% 55— LA PVA SR, dre
SRS 35 WO KB N YA ) i B v T S )
PERPRY, & Sc At d 4351 & Sb Efis TEM & b i
DI 1 A2 BRI, 075 79 2 il T 1% () B
SR8 0.270 A1 0.323 nm, 454 JCPDS No. 34-0394
FRUER R, AR S804 A% N B TET(220) . (222), 5
2.3 WA K CeO, IR T 125 1) XRD A7 414
Yo B Se s, CeO, AR i 45 M 408 K
R R, #E—RHEGBIBRIER T HIK CeO,,
AR R SITT SRR, ARRSS R Ry s A B
25 mEIMEBNIERED T
2,51  BOMBR L AT R R AR AT

WPU M 25 fE MR AT b & R AR A B R
il 1% W 24 LA K 07 A A o I FE 3 O SR AL S
N, G E WPU M A AR R O T YK
CeO, fll UV-0 BPT 4N 2L TERE, %28 T DWPU X
JESA CWPU S48 5 AN [R] if () 8 AN S S AE L b
EAR, 255K 6 M 2 FiR.

3.0

—0—DWPU
sl ~A=CWPU _
20 /

]

J1s5f o

;: / /A/A/A

0

80 100 120 140 160 180
B fal/m

K6 DWPU A CWPU R RZ: 2841 5 14 i e e
Fig. 6 Yellowing degree of DWPU film and CWPU film
after UV radiation

20 40 60

2 AT AE S DWPU BRBEAT CWPU Ji 5 (1)
b1H
Table 2 b values of DWPU film and CWPU film after UV
radiation at different times

i3 =y I}
- £E 1 S5 0[]/
JE
24 48 96 120 168
DWPU 0.69 1.38 1.82 2.16 2.83
CWPU 0.49 0.58 0.69 0.82 1.06

ML 6 A3 2 I, R SR AN Sk fa] m i )
WPU K88, DWPU JIIRZ: 48 h S 4MEST
HAE 0 b AH50 59120 1.15 F 1.38, 440 8 a] 3
% 168 h, DWPU A AE Fil b {E43 3355 2.63
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F12.83; 1 CWPU JIRMIH4: 48 h LAMESHE, H AE
b HHIN 0.32 F1 0.58, 4k GE K A0 B[] &
168 h, CWPU JIZE MY AE F1 b {50 B3I ZE 1.10 A
1.06, S5EIZMSMET DWPU KRR AE A1 b
I, 25 PR T 58.2%F0 62.5% X Al AEREH T
— 7T UV-0 fE A HLLIMRICH], Wt 7 i &
HMRJE TG A B, KA WPU B &
A 2 S TR TR A T A5 | RS B8 5 D — 7 40K CeO,
Wrds Tk, BERS AR A M U Bl S S 8 ek, A
AL 2 T BRSO B 1 e T S0 Y B AR 22
2,52 BUMERBEA B M RE AT

ZRBR MR T A RS, SO R T S 3 e
i (500 r/min ) SREERAE, 25K K 7 iR,

025
—o—DWPU
—— CWPU
020}
(1]
& 015
PSS
B o0t
0.05
9720 40 60 80 100 120 140 160 180

i} ) /h

Kl 7 DWPU A CWPU RS 58 S M 5 1y it s 14 i
Fig. 7 Wear resistance of DWPU film and CWPU film
after UV radiation

H & 7 AT A, DWPU fRRRZ: it 48 h £55ME S A
FIEEI N 0.12 g, RSTALHERT R ZEK 2 168 h 5,
R PR & 0.22 g, CWPU JRHZ: 48 h
0 HINE S AL B A B R R 0.062 g, dE—A KR G
AT AE K 28 168 h B H B f UG K= 0.096 g, [
[F) 45 25 T 0 R Y BE F I BRI T 56.4%, X AT fE
JERR UV-0 15 A HLEAMNRIGR], Wl T 4840k,
H S0 kARG, BT 50E T, B
H R AR 2%, DT S B0 BE AR 22, AR g K
CeO, JRAE VIR 0977 LB WPU myelett, Hek
T PVA > F iR EE T LIS WPU 4 THEIE Bl S
A MEAMRE, i FREEAS A, 9K
CeOy LFAEM PR, 4\ TR BOEE, M
PR R WPU FE & 20 55 A0 i 56 b 38 5 ) o s
PEREP
253 BMBBEAFHESH

Z AR ST AC RS, A e 5 R T S A
FORFAE LR S 25 bERE, 45 aE 8 i, H
& 8 nJHl, K& SAMNRSIHT R IEL, DWPU I
F CWPU JIE S A 7 i J3 R HL W S84 R 2 B R
a3, DWPU Ji [ o i BT A9 $ 4 i 3 58 5]

26.3 MPa, Wi i RN 307.2%, 5§55 Ab HH s} ja] 48
K2 168 h J5 HPPss NS 13.7 MPa, WiZdfi
KN R 154.9%, P 5 B 244 S i) T i
SR 47.9%H1 49.6%., CWPU i I o 4 FE i Fi7 4t
SR EEN 30.8 MPa, Wi 300 354.6%, it—4H
FRETIHA]AE K 5 168 h I HARLH5R BE 4 23.1 MPa,
W R R 254.8% , Hor A5 B2 AT 240 383
WIFEAR T 25.0%H01 28.1% ., WEHE X kFE, CWPU
JiE R 7 A it 35 R 224 I B T B % 40 51 S DWPU
RIS 52.2% . 56.7%, 433 FFET 47.8%1 43.3%.
XEZEHT: H—. REWHET PVA 5 FRI9K
CeO, R 11 FH B K PEAS Rk YE, 5 WPU 1R R
() FLRKG 25 058, 5 WPU 40118 1 AU 1 ] 43
SR, O TRENIMERGSR , ik, R E A Rk
BN RS2 RE IR 55 4K CeO, 1E N4 BT
LY, HBMERS, ERIRmEext & 4 Rk s
—ERYHESR | B AROREPY = UV-0 1R AL
LN FE R ISR AN RE R, KA T RIA
Peoh, XA SR AS KRR OBl e B i, 51
TR P s, kR AR 220

40
NG —a-pwpy 360
0l e —o—CWPU
E\D\ \D\D _ 300
< | 4_0\1:‘\1:' o\\°
Su a %
& AN ° &
= A 1240 ¥
£ 1) e T
® = 1180 B
8
A\A

O 1 L 1 L 1 1 1 1 1 1 120
—20 0 20 40 60 80 100 120 140 160 180
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Fig. 8 Mechanical properties of DWPU film and CWPU
film after UV radiation
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Fig. 9 TGA and DTG curves of DWPU film and CWPU film
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Table 3 Main thermal decomposition temperatures of DWPU
film and CWPU film

Ji Ji Tsy/°C Ti00,/°C T50%/°C  Tinficction/°C  Tend/°C
DWPU 173.68 226.58 310.62 328.64 424.16
CWPU  216.52 272.16 396.83 412.28 482.62

s Tsoon Tiowr Tsovn Tintection Tena 73 B BTEAIR 5%, 10% .
50% ., Fe KOS H AT BTN AY I BE LA B 58 4 a3 A T EE

3 #it

!

(1 )RFHIRAN  F7ER A il 45 T 20045 740K CeO,
WK, HopiAR o A As, SF¥kiAe o 28.2 nm, AJfR
EWAE1240H .

(2) TEM F Zeta HEAIALE SR EH, 49K CeO,
AR T S50, 24 pH=9 I}, FFiS44K CeO, IE1A
B E P B 4 o

(3) FTIR. XRD 5 TEM MiR%5 R KW, 1=
TR, 52T 2 Y 9K AR 2E R o R A T
DAL T R BIAK CeO,, HAMARLERY N A AL,

(4) PUERIMEEREMIALE R, FEili %

F, 5 DWPU IAEAHLL, CWPU ALY AE. b
. RS FRET 58.2%. 62.5%. 56.4%, fi
i B R 2 KR I R R TR T 47.8%.
43.3%, 4k CeO, 1E N WPU Bii &AL R B H L i
WA HLE SN UV-0 SELF TR B8 . TR IS 61 0
J12E M RE

(5) #FasE PEmRLs R, DWPU f i i it
PR 50%HT, HA iR EE R 310.62 °C, MMi7E MR E
T, CWPU B BT 5 A A 12.35%, CWPU
I 5 AR il ARG T R JE 2 DWPU i i iy
25 80 °C, 42k CeO, 1N WPU Bl Ak F T
U B IERE T

(6) 41K CeO, B tE WPU H AT BIFHyHL4h %
fErERE MR E M, KRNIk CeO, BUBLLAE
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