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Mesoporous Nanocrystalline Zirconia with
Lamellar and MSU Structure
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Abstract Without introduction of any stabilizer, the mesoporous nanocrystalline zirconia with lamellar and
MSU structure was obtained via solid state reaction coupled with surfactant templating method. The phase,
surface area and pore structure of zirconia prepared with this novel method could be designed, tailored and
controlled by varying synthesis parameters. The phase transformation was controlled by particle size. The
mesostructure possesses nanocrystalline pore wall, which renders it more thermally stable than amorphous
framework. The results suggest strongly that in solid state synthesis system mesostructure formation till
follow the supramolecular self-assembly mechanism. The lamellar and reverse hexagonal structure could be
transformed at different OH /Zr molar ratios in order to sustain the low surface energy of the mesophases.
The lamellar structure was preferred at higher OH /Zr molar ratios but reverse hexagonal was at low ratios.
Keywords solid state reaction; mesopore; nanocrystalline; zirconia; lamellar structure; MSU structure;
mechanism

MCM-41 S Lo FIR s SIT A, ADETHTAL 4%, RIS IASRIE PEFR R & 7 45 4.
Or T ORAEMRBR . FETRAEAL < W20 1 AL U P 1 P J) PR IR RHE N BRI, SR TR AT A
PE, T LR 58 TR AR G s A e AR R LRI A AT A 1992 4F55 [ Mobile 24 ] 15
RO R QCE SR AR RIPLE, Ry O RS AL R DIOR, KB S Lo 10 S T
THIBORABARLEE, R 7 AR . [, fvdl 35 SR, N BORSFAHIRE g A, i JE
D TIRRITT RN NARZ PR B ettt 75— G2 i o A Ve Bl 2 ek,

* E-mail: Ixmei @mail.hdpu.edu.cn
Received December 8, 2004; revised April 19, 2005; accepted May 25, 2005.



1770 t

= ik Vol. 63, 2005

BRI FEN SIS LA B T A BUE T K
. ZrO, VE 20— TR IR I LI B A Ak, DAL [ i 9
A RIS FGRERL, AR I, s 4R AR
REVA AL W0 As P e, MOAEAEAL . PRI R 1L
TP R TG 5200 H O I, AL S A
D RPN RE S E 2 S CR (ENE N TR SRR i papr s SN
RN T I FINA L N N i R Y TR SR I IR e ST B U R
2P £ S BRI 8 5 38 R R TS PR AR, 46 54T
Feae ik, Bl 45 i 75 Ff A (pem) . 57754 (1a3d,
Pm3n). EHIRAFIZEAL MSU 25 1A P /L 4k
RS20l T S R S S SRR R
MIZEse, B K E . SR AR SN S Rk AR
iR S, IS R A LA REE — BHA
G PR, EHE RN, ZEAPA L AR I
ZREFH IR TR G RUEVE BRI MY . BRI, ok
WY, Ce¥, L RE 1At IR A MBS T,
SUBERRAE RS LM RIS 538283 45 R B 8 X L
(A P AL 4 s, U Zhao “EUSTEEATHLE 4
E TR MRS = ik B SR S i e 2R 5 T P 704 1 FRD 7 A A
ANSLTTAIEE . AT, SR Z B & s A2 13 2 e H AR
ST 28— S A ES R DTN BOJE A SRV IR 5T TR
BT AL A K SUBUIR AR & e FE
HAEAE R — 2B, BATTE UHTHL T & 8 LR 32 2
A ARBAH S A K, AR TEAR TR FIAFAE K26 A F 32
HH T A B - R T A R FLAOK A A, LA
Y30 o 177 3 P 45 A T RN U A 1 B IR B A
FLEFI R o A b (g oK i b, JEHR 4L
KA BEGTH, JFAE A R A P 1) 20 T 45 4% Bk

K%,

11 #HmblE

FH T 285 e I — &5 4 3t 1) 925 A AL gl ok AR Ak
A2 AR R R ARG U2 5 U4 (R
(ZrOCl#8H.,0) Al il (NaOH) 43 J3ll ifF e 41 Ky, 75 58 S i 1
Rl 1 L 7] PEO-block-PPO [(poly(ethylene
glycol)-block-poly(propylene glycol)-block-poly(ethylene
olycol )] i ISH 5 -~ 3 it 1 77 (e — R VR AL B 15 T
R ERA RN, AR N S DY R L A
L R R N8, IFAE 110 C R Sk 48 hy K pT e
PR 2B ke AE CI, RIEHIJoK QR — 2k
Tk LU BB B IR K S s PR, R AR e AE 110 CTR
T4 24 h, B FLAK LB AR .

1.2 HmEIE

A X S 2RT5H(XRD, Philips-PW-1840) Fil/I 1 i
S (SAXS) WA i I 1R A5, IR R N, TR
(Micromeritics-ASAP-2010) T4/ H: Lb 2% H A fL 45 /4, F
FH A H 1 S 10E (SEM,  JEOL -JSM-5410) A3 i v 1
5 14UB% (TEM, JEOL-JEM-2010) % 7iF H: 4 W T 35 4 4iF
FZHRFARDTA, R 471 CDR-1 %3
AT 52 T HAF e L.

2 HZR5iTE

21 ZEENEN

AR (% XRD 1% &2 os (K 1), iR
2 THIE P 70 A2 PH B - S T s R 0, A e SR 45 4
S IVE P AR B R A FE A B AT S, T A
I F R PTG I o HLBR B A, PO IX SR, b
A A P I A A G54 I AR G B8 R LR T A3 A b
T ST U 1) 5 P52 O A v T A PR K LU FRORE i, T i A
JEE TS AT SR U6 £ 5 B AR PR T B PE R D S I AR AR A
SR, b I B e PR I BT BT A S A ARG
AP R -HEF, RS BE 2R B FE S 1AL &5 AT T
A7, mfE R AT SR, EARRRES B R TG A Rk
IRE S AAE T B A, T e e R R BN B R
SEVUJTMIGERE. T AN R G B8 2K LU R T b A B
Shy bRy 2E 5t SEM AT TEM o] LIS 21 3E— B 36 IE.

A5IHI
| 1EKTh

ERAITR

F5{HI

HHHHI ko 00
| 51H} e “'“*::"\ I

ALLY y OB Er=2.0
P

SN OH VZr =40 ™ ™

g
il e
1] 1 X 1 d 5

IR

Iniensity

B 1 AFIBRET R R I3 dn £ 350 CREBE T ) XRD %
K
Figurel XRD spectra of zirconia calcined at 350 ‘C and pre-
pared with different molar ratio of OH /Zr

Inset: high angle peak

h T HE— A G A R I S5 AR i, O SAXS
AT TR, B 2 o = R BEER A S0 210 3 13 1k 57
PEO-block-PPO f#7E N FE/REL Ky 2.0 I T34 FL4H
KA SAXS . B A AN B R O 0,



No. 18

AR ZRA MSU Z5 K i/ fLah K S et

1771

SCRCERERE 1720 U, BT HE B 4 W4 £
TR,

0.13
0.12
0.11 -
0.10 -
0.09 -
0.08 -
0.07
0.06

0?1z A2 em™)

0 0.05 0.1 0.15 0.2 0.25
O/A™!
B2 BESEEREE R 2.0 B FTARAE ALK SAXS 1% &
Figure 2 SAXS diffraction patterns of sample prepared at mo-
lar ratio of OH /Zr being 2

Kl 3 hiZa e SEM AT TEM [, ATLUE H,
FERRES R R LLAET 2.0 B, FTA3RE S I 2R E5 1,
AR ) B B K204 2.9 nm. 24 LA PEO 2k 4544 S 17177
B, LEARARAS B /RK LG W [RIAE A5 B 2R 4 4, i 2 R)
294 2.1 nm. {EAF M2, DR RIEE 350 C
REBEHRRFE [ 3(0), (d)], SXAESCHR AT HiE
2B FH 125 e N~ 46 0 5 )k B 1) bR — A B A
R R AR v, X5 L K LR B )
HIZE. [, B 3icE Rt 350 CRIFEG A R b 2

(M EEAE 2 5.0 nm, XL N B BIH THE1 4.7 nm (14
FLALRFEAY) & A2, BRI RGO R
U DR, SRR R AU 45 Rt U B3 4
.

e A, A7 P BH B 2 & TR 00 o S50 5 1 9, AR
BEPEJRLAET 2.0 IS nT DAAS BRI IR i, B
ARG PEFR BT RE o LA, 2R G5 R AN 5
%, RN KRG . Bz, T 2
TRTIAE A, I R FH AR AU e 2 AR o 7 3R T
U, LEORES BER LS T 2.0 4&F T, #nTLAfg 2 2R gs
Mo NS A R R, M =k B
PEO-block-PPO & 11 ¥ 1 71 JT 154 it 1) &5 44 1 ) e
e, T IS 3 TV P R BT A ot U e 22

P PR R BT A ORE RV AR AR BN S
(100)fi7 50, {H SEM H1 TEM[ & 3(e), (H]IERE, HAM
SRS CHRE R TR AT, BT MSU £,
HEARTE SR, DL AR A Ll A PRI RE 380 Sk R E 35 50 1)
YK, RERERT AR AR 2.0 nm 2247, 1T 500 CRERE
JEthAE 5.8 nmi*28 5 R B[ 3(0)]H )
b TIE A v B PR R LU A R S SR A R A R, X
L BE N ) XRD AT S AH — 3.

MBS EE R LR 4.0 I, ANIRIZR TG PEFIEFH R BT
153 AR AR W B AR R R A LA 4 B T 4, 1

B3 HELHESRI RO A

Figure3 Microstructue of zirconia
(a), (b): SEM, TEM images of uncalcined zirconia prepared at malor ratio of OH /Zr being 2; (c), (d): SEM, TEM images of zirconia calcined at 350 ‘C and pre-
pared at malor ratio of OH /Zr being 2; (e): TEM images of uncalcined zirconia prepared at malor ratio of OH /Zr being 4; (f): dark-field TEM image of zirconia
calcined at 350 ‘C and prepared at malor ratio of OH /Zr being 4
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Figure 4 Adsorption/desorpotion isotherms of zirconia pre-
pared with different surfactants (molar ratio OH /Zr=4.0)
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Figure 5 Mesopore distribution of zirconia prepared with dif-

ferent surfactants (molar ratio OH /Zr=4.0)
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