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3.5 X %75t (XRD)

X GTERATH A DL BRSSP R G 25 i S E A B AR R S AR B2 — PR A e L gy
o X BTEAT I FAS IR Y — A AL X PPN GRS AR bl T AR T R HES B A s T
ZH R T 3K LA ML DU HE A B4 ST TR R B 5N X S e K LA AR IR O B 2% 50k AN ] R R Y X5
LHAN T BN, ATESELERETR I 15 b, oA B A X STERATS, Zhang S0 D) R BEILER ) 5 3R IS VE R
FRR S A T, G T AR TPk, FEKIERI R B ERNBR SRA LM IREIRY 51 4
FEREFRENTE LR A R 4R B 17 2 _E DT 208 R 70 0 R BUAR IR T 5 Ji Sl BR A B TE B4R H 25 BR
B 7 R S BRAD X BTERATETE . B BT IR A RRAEAT 0 SR YUK S RREAT BT IE R W & REA
FES RS ARG .

70 75
Binging Energy/eV



<60 . R S O R 2005 4E 6 H

3.6 LIShiESMF(IR)

LM ST AN & B 5 T A A SR S TR 3 B TR TR 3R X
S, AT R — S A HR B 7 AN [ BRE sl R ] 5 4 v L0 30 5 3 A5 BT RS B, TR 0 S L B
TR v S TR AU P (O D S SRR A e s BB 2 AR5 00 » [ 485 & XRD XPS 25 208 43 i - B¢
B AT A5 I 5 40 F 8O U2 R SY - o Bh b2 3R 2 A AR — R RO IR

M2 AR M B 2 T 2 BB T A0 SRS B TR B LR T A L A A RS S L
IR,

4 HiE

B RHR 1S R R BB VR 2 0
W, BAEE NV HE D, RIEEFNEM AR, E
TPREAEA ] B AU A R IR A . R 23 BRI ] & BR

Intensity/a.u.

— 1
—

TERITIRT. 55— R AT 1 S T3 A ) 2 40 0 S § -
RRMH ARSI R R, )\ | 4
R N T R B e
BEAATIETIRAA R, 5300 38 T ADABPR FL 201degroes

HOR MO HR B B b 2SR bR 78 1 7 RS X A
B . Figwe 7 XRD pattem o hllw slve sphres

52 Uk

[1] Wicox D L. Berg M, Bernat T, et al- Hollow and Solid Spheres and
Microspheres : Science and Technology Associated with Their Fabrication and Application, Materials Research Society Symposium Proceedings-
PA1995, MRS Pittsburgh Vol - 372.

[2] Huang H,Remsen E E-J Am Chem Soc, 199,121, 3805.

[3] Mandal T K.Fleming M S, Walt D R-Chem Mater 2000, 12, 3481.

[4] Wilcox D L:Berg M:Bernat T-et al- Mater Res Soc Symp Proc, 1995, 372.

[5] Bergbreiter D E- Angew Chem Int Ed, 1999, 38,2870.

[6] Caruso F-Chem Eur J,2000,6,413.

[7] Caruso F-Adv Mater, 2001, 13, 11.

[8] Kowalski A>Vogel M Robert M. et al- USP 4,427, 836,1984—01—24.

[9] Kowalski A, Vogel M, Robert M et al - USP 4,469, 825,1984—09—04.

[10]  Robert M, Kowalski A-USP 4,594, 363,1986—06—10.

[11]  Kowalski A-USP 4,880,842,1989—11—14.

[12]  Hong K.Park S-Polym Test, 2000, 19, 975.

[13]  Straight S D Bosworth J K et al-Polym Mater Sci & Engi, 2003, 88, 339.

[14]  Narayan P-Polym Engi Sci.1999,39,2242.

[15] NiuZ.YangZ.HuZ.et al- Adv Func Mater- 2003, 13, 949.

[16] Donath E, Moya S, et al-Chem -A Eur J,2002, 8, 5481.

[17]  (a)Patrick J] W-Porosity in Carbons ; Characterization and Aoolications ; Edward Arnord ; London, 1995; (b)Kinoshita K. Carbon ; Electrochemical and
Physiconchemical Properties ; Wiley : New York, 1998; (¢ ) Marsh H- Introduction to Carbon Science ; Butterworth ; London, 1989; (d) Kasuya A,
Takahashi H,Saito Y » Mitsugashira T - Mater Sci Eng> 1996, 217, 50.

[18]  Jyongsik J Hyunkyou H.Chem Mater,2003,15,2109.

[19]  Buchel G, Unger K K, Matsumoto A Tsutsumi K- Adv Mater 1998, 10, 1036.

[20]  Yoon S B.Sohn K.Kim J Y. et al- Adv Mater, 2002, 14, 19.

[21]  Cochran Joe K- Curr opin Solid State Mater Sci , 1998, 3,474.

[22]  Chah S,Fendler J H,Yi J-J Colloid and Interface Sci, 2002, 250, 142.

[23]  Hentze H P, Raghavan S R McKelvey C A et al-Langmuir, 2003, 19,1069.

[24] - Lahoratoire, de; M-M : Chem, Mater . 2002, 14, 4371.



3 [T S R B . 61 .

[25] Naik S P, Chiang A'S> Thompson R W.et al-Chem Mater,2003,15,787.
[26]  Jeroen J. Cornelissen L. M et al - Chem Commun,2003,1010.

[27]  Sun Q. Kooyman P J. Grossmann J G.et al- Adv Mater, 2003, 15, 1097.
[28]  Jiang P.Jane F B. Vicki L C-Science, 2001, 453.

[29] Huang J Xie Y, li B, Liu Y,et al- Adv Mater, 2000, 808.

[30]  Shao M W, Wang D B, Hu B.et al-J Crystal Growth,2003,249,549.
[31] Pol V G: Gedanken A, Calderon—Moreno J Chem Mater, 2003, 15, 1111.
[32] LuL. Sun G, XiS:et al-Langmuir, 2003, 19, 3074.

[33] Bruinsina P J,Kim A Y,Liu J,Baskaran S.Chem Mater, 1997, 9, 2507.
[34]  Schacht S:Huo Q. Voigt-Matin I G.Stucky G D.Schuth F -Science, 1996, 273, 768.
[35] Tida M,Sasaki T, Waranabe M- Chem Mater, 1998, 10, 3780.

[36] Jang J:Lee K. Chem Commun, 2002, 1098.

[37]  Flower C E,Khushalani D. Mann S-Chem Commun, 2001, 2028.

[38]  Kyotani T, Nagai T's Inoue S;Tomita A-Chem Mater, 1997,9,609.

[39]  Kyotani TTsai L:Tomita A-Chem Mater, 1995, 7, 1427.

[40]  Zakhidov A A;Baughman R H.Igbal Z,Cui C X Khayrullin I-Science, 1998, 282, 897.
[41]  Muthusamy E, Walsh D- Mann Stephen- Adv Mater, 2002, 970.

[42]  Caruso F,Caruso R A.Mohwald H-Science, 1998, 282, 1111.

[43]  Van B,Jung J H.Shinkai S- Adv Mater, 2001, 13, 1472.

[44]  Donath ESukhornkov G B et al- Angew Chem Int Ed, 1998, 37, 2202.
[45]  Decher G» Hong J D- Schmitt J Thin Solid Films, 1992.210, 831.

[46]  Zhang Y:Guan Y, Yang S G Xu J- Adv Mater, 2003, 15(10),832.

[47]  Zhun J J,Xu S Wang H:Zhu J M- Adv Mater, 2003, 15(2), 156.

[48] Hu Y.Chen JF.Chen W M.Lin X H- Adv Mater,2003,15(9),726.

[49]  Karodia N, Guise S, Newlands C et al-Chem Commun, 1998, 21, 2341.
[50]  Dyson P J,Ellis D J,Parker D G.et al-Chem Commun,1999,1,25.

[51] Cavinato G,Tonido L-J Mol Catal, 1993,78,131.

[52]  Adams C J.Earle M J, Roberts G et al-Chem Commun, 1998, 19,2097.
[53] Nakashima T, Kimizuka N-J Am Chem Soc,2003,125(21),6386.

[54] Muthusamy E, Walsh D, et al- Adv Mater, 2002, 14, 969.

[55]  Zhang D B.Qi L M:Ma J M. et al- Adv Mater, 2002, 14(20), 1499.

The Research Development of Materials
with Hollow Sphere Structure

WANG Limei", DOU Li‘yanh, CHEN Da‘juna*
(@ College of Material Science and Technology: Donghua University . Shanghai, 200051, China;
b Sinopec Shanghai Petrochemical Company Limited» Shanghai, 200540, China)

Abstract ;In this paper, the present status and recent advances of study on the materials with hollow sphere
structure, including shell materials, preparation technology and characterization, were introduced -
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