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Preparation of alumina nanowires by chemical method
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Abstract: Alumina nanowires were prepared on the basis of porous anodized aluminum films, alumina nanowires
were obtained by dunking the porous anodized aluminum films in acid solution for different time at temperature of 40
‘C. Scanning electron microscopy and X-ray diffraction were employed to characterize the morphology and structure
of alumina nanowire. It is found that the alumina nanowires are y-Al,O; phase with diameter of 20 - 30 nm. The
length of nanowires is dependent on the synthesis process. In addition, the formation mechanism of the nanowires

was discussed combined with the experimental phenomena observed in template dissolving.
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Fig.1 Microstructures of porous films of alumina .

(a)—Tip of porous films; (b)—Section of porous films
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Fig.2 Surface morphologies of porous films of alumina corroded for different time in acid solution
(a)—10 min; (b)-—20 min; (¢)—30 min; (d)—40 min
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Fig.3 Forming process of Al,O; nanowires

(a)—AAO film formed during two step anodizing; (b)—AAQ films structures during corrosion 10 min;

(¢)—AlL; O; nanowires structures formed during corrosion 20 min; (d)— Al, O; nanowires structures during corrosion 30 min

2.3 EUBAKRZNEARE

XAl JEM-2010 % & 5t i 4F # 52 % BT K18 19
ALO, PARKMBEMHT T B B4 BiRR
EESFBETHARKER LB THSEGR. A
ATTLVE W, MR IR gERIS N, FHEER
HBH A, N 20~30 nm, FEHPKK L EREAF
FLEEE UG B ARIRGE . A2 XM A KRE W &
Gitl, ET AT RML PRI AOREK AT T

B..

4 ALO; JORKMG R H BT BER
K3 X B, F i 4T
Fig.4 FETEM image and -
SAED pattern of Al;O; nanowires

XL AT 54T, BT AT R A R
W, RTEAENTSTBER BB R S5 . X R SEAL I 5
LR EFHI A RS ER, REXMH
AL O;s HORE 4N T FBIE RS .

3 &g

BEEMIKR SRS AR S0 EILER
AR A R P AT R R B ) 9 ok, 3K78 T AR
BAM ALO, Bk, I3 H A KYLE AR A%
HAT T 4T -

D fEmet R Ak RN REREE, R
b Bl K F 10 min B, A AT R EARK— 8
ALO; k2.

2) ZHEEHBAR B, LR
A, WFLBEBEGE BT, 3 Pl 2 1] A9 FLEE EE 4 3
2 R—BMKLE.

3) EHEHBE ALO; AREN TR KL
BRI R,

REFERENCES

(1] #KH, HTtE. MEEITGHN—FE,. T2, #
RSRITIM]L Kib. EERER% MR, 2001



- 188 -

TEARERYR

2005 ¥ 10 A

(2]

3]

[4]

(5]

(6]

£7]

(8]

ZHANG Chang-rui, HAQ Yuvan-kai. Ceramic-based
Composites¥Principle, Process, Performance and De-
sign [M]. Changsha: National University of Defense
Technology Press, 2001.

Kamino Y, Hirata Y, Kamata S. Preparation and me-
chanical properties of long alumina fiber/alumina ma-
trix composites [J]. Materials Letters, 1996, 28: 161
- 164,

Xu Z R, Chawla K K, Wolfenden A, et al. Stiffness
loss and density decrease due to thermal cycling in a
alumina fiber/magnesium alloy composite [J]. Materi-
als Science and Engineering A, 1995, 203 75— 80.
Fernando } A, Chung D D I.. Thermomechanical prop-
erties of alumina fiber membrane [J]. Ceramics Inter-
national, 2005, 31: 453 - 460.

ZHANG Wen-long, GU Ming-yuan, CHEN Jia-yi, et
al. Tensile and fatigue response of alumina-fiber-rein-
forced aluminum matrix composite [ J]. Materials Sci-
ence and Engineering A, 2003, 341; 9-17,

Wang Z, Zhao Q, Zhang Y, et al. Microstructure
characterization of Al,(); nanowires with networked
rectangular nanostructure [J]. Eur Phys J D, 2005,
34: 303 - 305.

RO, WM. AALEFENHRIREEREE
(). B IR, 2004, 24(2): 69-71.

JING Mao-xiang, SHEN Xiang-qian. Research work
on alumina fibre-present state and development trend
[J]. Mining and Metallurgical Engineering, 2004, 24
(2): 69-71.

MR &, MBE, X SHBaekEnis
G R0I] . BERMRERFR, 1997, 25(3): 339 - 343.
CHEN Li-fu, YAN Yong-jun, GAQO Gui-ying. Chemi-
cal synthesis of aluminium oxide precursor fiber [J].
Journal of the Chinese Ceramic Society, 1997, 25(3):

[9]

[10]

[11]

[12]

[13]

[14]

339 — 343.

- Venkatesh R, Roy Ramanan S. Effect of organic addi-

tives on the properties of sol-gel spun alumina fibres
[J1. Journal of the European Ceramic Society, 2000,
20, 2543 - 2549,

R, WIREMBAE] Wk B, 2001, 3:
169.

CHALI Jun-lan,
Fire Resisting Materials, 2001, 3, 169.

FAEN, M, BAE ShEaENgEENA
0JJ. ITH AR, 2004, 30(4); 17 - 19,

WANG De-gang, ZHONG Lei-lan, GU Li-xia. De-
velopment situation of high performance inorganic fi-
bers [J]. New Chemical Materials, 2004, 30(4); 17
-19.

O, B, THT, % BRERENEK
ZmAiBEwREA L] 9618, 2004, 24(5);
76 -79.

CAOQO Kai, SHEN Xiang-gian, WANG Tao-ping, et

al. Preparation of nanostructural alumina fiber by sol-

Nanostructural alumina fiber [J].

gel techniques [J]. Mining and Metallurgical Engi-
neering, 2004, 24(5). 76 - 79.

BRArA, KIBIGE, BREE. ARG HER »ALO KK
M & 5 RAAELD] AT, 2004, 33(3): 240 -
243.

ZHANG Li-yan, ZHANG Peng-yuan, CHEN Jian-
feng. Preparation and characterization of nano-fibri-
ous y-ALOs [J]. Petrochemical Technology, 2004,
33(3): 240 - 243.

Zhou J, Deng S Z, Chen J, et al. Synthesis of crys-
talline alumina nanowires and nanotrees [J] . Chem
Phys Lett, 2002, 365; 505 - 508.

(R =T



(L2 AT 2034K [H BRER ..o

(=" Mise, T, RelHZ,  RmgEE, R, RO, REK, xifer

1 A Mrore, K5 IE, FEIE 22, Sy, FEEMR, XA (Lt K, MR %5 TRR, 8RR
SRR EE S S S =, dE K, 100875) ,  hE (A6 EYE K 2E A Bl vp gy, b s
,100875), AT (L 50RO K2, FHRELRBRE S TRE R, S 2 B R SRk oo 2808 3 7 s i
%, dbat, 100875; 1 E K%, WIBLR, B &, 330047)

BA (104
LSRR RN 6 TSV TG T # AR T 321 BB 4K 2k 2006

GORMEL AR ZRIL R i R A Tt SEp AR B2 9K RL P42 AT IE ) AN T, XA 2 BT AR B UK ) — AN BT A

U2 D TR AT DASRA ALY TR . XCAOIR . 2 Gk DL B AT B 5 AR A A AR IR 2RSS 2 ORI B A K 2k, MBS0 T — 4R QOR BB AR AT

1) LAL/ <P RR2> () i 2508 20 AR B AR SR A H S 7T BLSRA 2 B B A ALES RN 2 FLAR AL BRI, 38 A ARy VT LU e AR 1) AL L 43 3 ple £
FEYAR . WUACIR Je 2 BRI R AR S BOR G i AR KT RIUB R A b, SRR KN 5O TR PR RGPS P U o X SRR 1K)
HEAPR S RE T DUE D AR 7 38 DAL, DRI NOE BT, R AR AT 5t

2) LABRRRAN RO VAR, EIE AR AR N, BAL 5V/min Tt i sk AR LR, nl bl ot b AT BB ALAR O 22 oF AU BN . Sl Ak AR
JrHEAT DR SRR ) AL L AT HERR B AR AR SR K 2 ZEBRIR AR 1T DLt FLAR B AR 12~ 3 Lo Z IR AZ LI 2 LA RN, A
I ) 2 K 2 PR LA U 1 2~ 3 L [ BRS040 P BB S BT T P ) A B AR ) BE S LA AR A R A 11~ 55mm, - b 46 FR) < 400K et
AR OB S B AR . IR SRR B AR AR LI IR AR I HAT g 2y, AT BRI LT i b YR RE DRI T B2 OB BUBR SE DI BEA R

3) ek 2 ) BRSSP A 3OV ~ 4 1V 2 1 LI A A8 0k, T it IR 200K o L R ) AR BB, A3 L &4 A ) AR LB e 1 P A Bk
T CLARAS AT IR 2RO SR 4K £k, B 2R ARG 1) 1T A0S IRt B 25907 B0 B2 A, IR R I e R S5 KA WT fE SR L LT
P JETIINE L AVERE, 2T A o R A

2. BITIE S fEUk. BIFT . IBUIK. BBk, HOU Feng. YIN Yu—xin. TAN Xin. ZHAO Lin BEARAALTIO 240KZ L KIFA -
ML TR£2010, 77 (3)

SRHINHAF - 2 —H 209 7 AR A AL S BRI, 6 G BREAR IR RS BE 0. 9~36 1w miTI0_ 240K ARSI, BFFE T BRI U . S AL T S
PRI 2L X 110 240 KT B 70 45 () 5. 85 SRR T, WK AR L 39 - TN, 60V HL PR R ARA2h, Ti0_ 248 KA TR I 4L A 2 A R b R 2 — Wk i 2 A

L LR FUA, S B A ) ) A AR T A F LA A A o 1) 2 LB, T A AR 200, IS ATIA LMK I TI0_ 24K £k,

3. ZALIRSC R HPH AL 2 AU % . RSN BEST 2005

JEAEAMIT T AT IR AL G R AR 22 FLIB A M52 B AT DG TE o Il AT 40K LA R B — S AR R R BRI PERE T 2 ] T %A
ik RO ISR SN AE, AR BT T A, ol T R AR RS, A AR R . A SCR T BBy VA 46 SR 2 FLIBO T B
AR SRR B R % 45 44 ) S B S8R 22 LB P R R N AT T BT

L HAGORALBES S M 10 =S AR 22 LR s I BRI S 3 SEAN S5 S IR0 S A AR 35 A S IR R S A AR, AT L P B 4 A -
SR AL IR LINR RGO LU e BEAT 5% BT IR AR 2 AU O RS o JFAEBR R R B AR A R Pl AT I, 8iiE E 3 et
FUEWT, NS AR A PR ) 2 AT SE AN K L B4 2 ) T 5

73 500k PR R U SR ABEEATXRD AT, W45 AR W], P AR b A R U B 22 LIS S S, E I NS IR SR 80 22 LIS it A 5
FIBAT N X PR AR R A R AR AT B L BESEMAI AT, A SR s NI AT R R A R S AR 2 LR I ARALALAR D, LB e
o ALBBUAERR LR 0 P R A R A 2 FUBEEAT LU AN IR T, & R s PR AR b A ) S A 22 ALK M AN AL S a8 i)
AR PR A BEL P24 = P A A I ) B B A A AT ) T3 i LA R e

2. BT 2 LB LR IERE . SRS i 7 24 i FLAS I S SRR A R SRR I s SV MRS SV I A o K 2R 2 B A
AL L. DFRN, IR SRR B S PO PR TR B AL TV AL S iR M R 2 i AU A T IO T AN S s IR A4 R

3 RS 2 LB 2 R P BN . PG T ORI AR BRI B FLAR AR 22 AR OB R ) S SRTIE ST v BETEMR B AR
ZEAPREHAT 0T, RIA B 18 ATHF B 2% v R Gt 409Kk o 41 i 0 2 v e i 2 rL BEL BT UK

4 BIFIRS EIE. UL MR 5. THIE AP R AL AUk —TEHLIL2E

2004, 20(11)
SFPRHE O BERE AR SR, 1T R0, PR 2 BV R BRI . PRI AR At 7o BT, DURCHAT BT RON Y i T
FIRNIOBTIT. —LEBTIAK RSN T AR IS Ty 5250 (ARM) S I TR 2 SR IR E L

5. WSS ARV, K. Ak T 5. A5, Wk )4, i%%. XU Zhou. Pu Lin. Lin Zixia.Li Xinghua.Pan Lijia.Shi Vi

FHAR AR AL R A R R £ Tl i 7 $2 R 2010, 47 (6)

AR AE B IR T BEAT BB, 96 T SRR Ze. T L) 3 2 2 FLACA BRI A A IR TR I, JEAs K B0 e B AR J D i e
A, AT BT SRR 2. AR BRI P BN R 1, BT A3 P A A M M A — B, IR T LE = B, 2 FLAR2930~300 nm, K BEA LI
K ZH K. SR BETIZE A My 1 LE R R HEAT W, SEBGAE 5. 8 X 104m2/ke, AT T HEIG VI SEAH6. 2X 104m2/ kg, S0 W], X R0 B —Ueg K 45 kbt
BB /A AICAS A KATURL FLAT 50588 RO R B B 5, e AR A 8 3 R 25 0 TV 25 Bk /N R IBORE (CELAR/N 110 nm) U2 BE MBI RO B, A7 S 1A
BRIV YZ R

6. WITIIESC W), TICHE. YANG Hui. WANG Qing-kang A1203Z5KZE 80K )45 M LA BOMLEERIFT — DA b5 K5 1l

2007, 29 (5)

TR T b T S0 9500 o 45 A 1 203400 K S RBE % WA 25 7 . LA P M SR P V7 i i 6 2 T 1 46 22 7L P SEU P AR T 20 S, 6 550 v g P it —
DB T, REBE R S ERFLBE R T A 1 20340 0K 25, 35750 78 15 /1 B AR SR AR LI (¥ B0y, 19 30—k Bk 45 M (R 4R e o, (b s sy
HEE BRI 22 MO AN KR AT S M B S EAT T 2RAT S3HT. IE45 444 L BT A 7] 52 O I T 32 P T SO R 5 4 K 5 2 i . 44
T T AT 203K L2 119 2 BB LB

TSRS IR AEAOR AR Al R RATE R ILPERERT T 2002

AR AR S AORTLIE IR Bl 0 S ITRERE N EJE F 0, St L7 e T BRI R R R B AR H (2 120 e 9 K S 91 1
SO SRR BT XA REREAT T HIFE, 95 LB IR PR (AA) A, ZESCAK AL PS4 T Cu/Co FRAK AL, RTRRII IR AUIL LIS, 76
NAOBEHR MK AL TTRUR 44K (FFA0), SRR TR D 56 S B JUBURIE. TR pHIEL, R, PR I Ak 2 K



http://d.g.wanfangdata.com.cn/Conference_6128146.aspx
http://www.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e4%ba%ae%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e7%91%9e%e5%bb%b7%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e5%9b%bd%e5%ae%89%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%99%93%e7%8e%b2%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a9%ac%e8%be%89%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%8b%87%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a2%81%e6%98%8c%e6%9e%97%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%8d%8e%e5%b9%b3%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6%2c%e6%9d%90%e6%96%99%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e5%b0%84%e7%ba%bf%e6%9d%9f%e6%8a%80%e6%9c%af%e4%b8%8e%e6%9d%90%e6%96%99%e6%94%b9%e6%80%a7%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e5%8c%97%e4%ba%ac%2c100875%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6%2c%e6%9d%90%e6%96%99%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e5%b0%84%e7%ba%bf%e6%9d%9f%e6%8a%80%e6%9c%af%e4%b8%8e%e6%9d%90%e6%96%99%e6%94%b9%e6%80%a7%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e5%8c%97%e4%ba%ac%2c100875%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6%e5%88%86%e6%9e%90%e6%b5%8b%e8%af%95%e4%b8%ad%e5%bf%83%2c%e5%8c%97%e4%ba%ac%2c100875%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6%e5%88%86%e6%9e%90%e6%b5%8b%e8%af%95%e4%b8%ad%e5%bf%83%2c%e5%8c%97%e4%ba%ac%2c100875%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6%2c%e6%9d%90%e6%96%99%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e5%b0%84%e7%ba%bf%e6%9d%9f%e6%8a%80%e6%9c%af%e4%b8%8e%e6%9d%90%e6%96%99%e6%94%b9%e6%80%a7%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e5%8c%97%e4%ba%ac%2c100875%3b%e5%8d%97%e6%98%8c%e5%a4%a7%e5%ad%a6%2c%e7%89%a9%e7%90%86%e7%b3%bb%2c%e5%8d%97%e6%98%8c%2c330047%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6%2c%e6%9d%90%e6%96%99%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e5%b0%84%e7%ba%bf%e6%9d%9f%e6%8a%80%e6%9c%af%e4%b8%8e%e6%9d%90%e6%96%99%e6%94%b9%e6%80%a7%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e5%8c%97%e4%ba%ac%2c100875%3b%e5%8d%97%e6%98%8c%e5%a4%a7%e5%ad%a6%2c%e7%89%a9%e7%90%86%e7%b3%bb%2c%e5%8d%97%e6%98%8c%2c330047%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e4%b8%bd%e8%90%8d%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_Y1191898.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%be%af%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%98%b4%e8%82%b2%e6%96%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%ad%e6%ac%a3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HOU+Feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YIN+Yu-xin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TAN+Xin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Lin%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_clgc201003019.aspx
http://c.g.wanfangdata.com.cn/periodical-clgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e9%9d%99%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_Y849154.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%84%a6%e6%ad%a3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%98%8e%e7%ba%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%bd%e5%88%a9%e6%af%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%89%b3%e4%b8%bd%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wjhxxb200411014.aspx
http://c.g.wanfangdata.com.cn/periodical-wjhxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e6%b4%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bf%ae%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9e%97%e5%ad%90%e5%a4%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%85%b4%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e5%8a%9b%e4%bd%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%bd%e6%af%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Zhou%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pu+Lin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lin+Zixia%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Xinghua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pan+Lijia%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shi+Yi%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wndzjs201006004.aspx
http://c.g.wanfangdata.com.cn/periodical-wndzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%8d%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%86%e5%ba%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Qing-kang%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ddjs200705001.aspx
http://c.g.wanfangdata.com.cn/periodical-ddjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%bf%9f%e5%b9%bf%e4%bf%8a%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_Y540357.aspx

SEMAREAT T 255 I B T BN AAOFL A PRI B L AR T SIEAT 1 A AN R 51 R IR PR A2 0 94 e 2 ORI R L T 1001 em<” —
I>RNT034< =1 FRY P A 1T 5350 U-d e Doy MR I P8 4808 FIR BT W e 80 A1 =y T BT 1 230y 1 e iy 2 B8 1) i 2 5 P 8 A M o e 1 Y B, 56 WD AR K 2
BB T LU Sk 242 1108 5y 52 SO 05 P B, AT ) 2 A T SRR LA (AAO) SRR, SR AC UL HL TR UA T il o6 T Fe R L. S XA Lk ATt . ik
DCHL PRI A DU G BRI T B, ESEFe A AR HAT 5 A 45 ; R 1128 2 WIF e MK 2 M 41 1.y A A 0 51T AOE T, FLAT W Al PR T G251 S k. 23300
FHHREE RO 16 T Cu/Co 2 J MR ER. IF T M < S WU A U HLIT R T LA 26 Cu/Co 22 S22 R, T R I 00k o HE A e LA T 6 Y AR BRSO
ZEAOKER. I P BIAROLRE, 7E R IR R P b T AT I K LR SIAAORAR, J5-7 ) S A BRI i B S SR 2, 3 2% i LA B, B
SLHESI S, SR B 51 5.

8. ZEALIRTC JHAC TiFRYNK SR R4 B TR P T A PR AT ST 2003

AR SN FSATT T T AUHTERTTE, IR T REF IR SR

FEHOFSIL T PR S I S AR AT TIGRE L A RN T Ox R e B A

TR STMBH B SR B ATE BRI AS R BT OxA R A A T T Ox Rt 1, HIRBEAUET 10X BME AT DK, VR BESUAT OB A B 251X
s BRI A B 2RI TR B [ PR 5K R A 15 22

TP T USTS IS I 5 B A BRI LS TMBH R AU T BT T OX MR EE K, PEANILGERIBTTE T MG 11 3 e A B 2 7 30206 25 P T Ox e A ) 1
F i .

PRI S Al PRI R R VIS AR LR ST NS NN A N

A R BV RSB T SN USRS PP S IE T 0 T AR AR T 3 BE 4 T A B L 0 B v 2

MR EEAEHE, SR LB ) PR AE T AE 20104 2 AT KN BI50nm, At — 2B AN AR 2 51 R 2 T o RIEEAR 26 L A KT 4K
WA, RRUENGOK LI S Y BN LA W LR B PR AL PR N ERP S, RGO REFBTA 2 RS S
s T AR AL SRR 7 L o 128Mb L #f P72t i FK I APy S A Pl 2 ) S i S P AP AR, sl AR B AT SO ke S S Bt 2

SR LT R TR BRI SRS, th T2 B S B AR I TR 2, RERELRG . T IR L ST ST SR
AL AR A, A SO SR AN R AR R T R A I T R b B U S R T R A . ARSI A A
LA S A A LA S R R AR R b, RO SCBL T PRGN BT A T SR A R A TR T R RIT1 Ox K
ST IR .

¥4 ik, RICHUE AT AR ERET BB RL L VBT 7 BT I SRS, DAy AR SCIR 55— 23 IR IR P i S el B
(STMD XS STMPHAR AT AT BRI (STS) BFTOIF B e Skt AR bt 1, SR STMIH ARSI B ARAE S A A S ) P T 1 LT 1
i S8 L AR RN S AR . HARBETE AR 2 W53 -

S L G T AR L2 T TR T o

T SERITGL T BRSO SR i F5 R STMBH B AU F K MR R UL (K S o 7 S E SR SEARRTIR EE S ~ 30 %6 I ~43 % IR 1, (EAR I i B2 1L I
TR BN K s BEL R R Y], S (i OB, AR B R PR TR S A OB, R BERR o SR SR S e oy A A A
PERIBEE AR )0 C 2 2 20 BB %

HYk, FFHSTS B IRAE S S A RSN AS WAL T STMBIAR AN RHI 2Pk e T SR SR AE P TR A AERTRS By, JFESRE SN 96 15 k5 s 1 i He ik
e 7E3. BVEISVIKAA HURK I NS S RHINSTS IR W], SXLERPREp R, T i o NAL SR PL A 25 P p L AT D o R A0 4 Bl EL 410
WIRBCE, BhASHITT TR SRR, 4R W), BUAULIN T AELS, PPRHIIPE TR T A G BN G4 L 2 AR 24T A2 ik
Pite AERIRHU T sl PRI ) R PR AP T B T B BE AR TIOXbPA), T R HRUPS S sl A W) T BB SR PR U TR BEARARIR) . 2B AT Ox Y
Kb X REASCEAE I TIOR8 KR -

ARG RIS 5 (R T A A B T PRI A AR o 2 ot 93 i 397 84 A ) B A O ¢ ) 1 PRI AR 1) P — PP 26 R R B
LAEIRIRAIL T o AETIAS AW N o T2 A B R K R s DU AU K EAT T X, 25U T AT PR

S R PR AT A R R ) T PERERI B A A 2

MRS MBI AEAL T MR BIETE, I T PIFH BN T AR S B 7 A s TIgORER ol S AR I T Ox IR Z iy ity A . 4Bt
— e R R R RIS, R BB T A U« 52T OB A5 T — 4 ~30nm B ~450nmiITIZRE, I T Ti R 8y -0
R o TIAPRER IR 73 0 B DE A i, RO S — AR BE RN T Ox e IR R BITI ARk B Sl NI A PRI 1 P G BLIE R U
CHMIN~0. 8V) AR p LG . FIAS RN BB AR 18 254 JRUBE /N [ R RE 250 TP T Ox AR 2 B v 7 AT, S8R b A —Peh B0
LI PAT A B TIOXGR LA IR X B (~100nm X ~450nm) A4 A ¥ S IR 22 P AR B T PR -G BLIERE B4R I ~0. 7v) 4%
T

SRJF R T3y IEGE BB 40 5 IR P IEAT T IR LA VE RO F I E T 0 T IR RN B 788 o I 20 BT B, TigoKEk il 7
IREEHI PR TIAPREIFAE “ 5687 INEJRERE, WAL MR 2 TR 2 AR . R SN BRI Bt 45, L) 23 A A S Y
AN B D T TR, X SRR A I AR L S AR TR KN B, M S LA I M AR AN, e TN SRR A
TUAHE AR Z Ao R AKX — R RUASEACUR s D8 = ) 500 Pt — P P S R RIS P 0. 8V I )8 LA — I P S 2R RDAFE I 1) Sl el i 4 A — 3, 3K
SEMTH] Sy B 58 A T LUBREATIN T3 PPk, SRR B 738 0F . WTIOXARER B F, AR D A PR BT, $H T HIAS A5 A R s s
SATRERARU S AR L2 VR, A 30 ) 45 15 S i e AT ARBLR R E AR R ) LR 4, RUREIE S T PR B 7o U BBl s By, xd
S LAEVERE TR DL IR PSR S e ST 4 T — AR L KA -

9. WATIESC XK. JEi 2y, =3¢, T 2. X4 8. T4, LU Jian—gang. FAN Xin—hui. YAN Wen. YU Ling-min. LU

Chun—xia. Wang Xin FHARSAL T ZXPRARBARILIR A 200 P8 2 Tolk 27 274 2005, 25 (6)

Oy T e LA 7 AR EL ST, R UHIBEAUE 78, Rl L T AL 212, 843, 52 I B3UAT PRI L S MBL Sl MO SR 1 UL
HUTR UGS S 1, AR LR A TH ), 4 PR T RSO AR AL 7 I S LTI AT T ST . 5 S9e), A ien L
I, LR AU 5 P, UM IR FL A T 0 1 LU, SLALH R IRE 25 £, SRR LAR B K.

10. 2200 4 el FRAERETER e QKRR BB IR )& S TERE 2005

GOKMRE BB SR r 1) ABFFO SR B AU BBV ERRANOK 2k, G TRI T R AR AT BR AR WS I R - b BHIR
YT RTINS R 2T U ) RS A R S AN R R, DI LA R B RL b RS H e o s R PR RO, AT TR T 5t

ARG ORI AL BT 24 1 ) 4 B RV RGN OR LR BB RE, G2 AEHL X-RayRTAH (XRD) « 3 RSB43 48 L B (SEM) BIFE
Tl # A AT ERINR SR G K RS s SRI S5 TR IIE MR R BB e YE RS, PSSO BRI 46 L 22 e

FEBR AU (TR BEs o s T k7 B RS e P el it P T P S0 S e, S SR R IR AR e BRSPS IR BRI T T s BB A i -
FefJ oKLk B 5L TR o 8 R PH AR SR BERAIE, AR S, AR BRI, FLARRAN ARIRIAC AT FUUBIBRAR S, BRI AR AR iR B A —
LCIRREE L3 C KIRPENBAE BELS o SRBARBRIGBI B A0 DT 1 S P R ) P B R BB AR LB R FLALAR D, TR I AK 2 AR FLBEK
o PR A B R BB UL — L OB ikt A DAL L TR I ), DR BRI Lk, AR T3 R BB VE R o S FLCRRING 1) T 99 o kg
RERIPURR L, SERARHOEDERE: DUBIIN DA, ORI s B A ML T 4 TR T, AR W e P RE PR Wi b TR B B A T AR L
YIRS, IR R B i TR SR (R BRAOR 2, RSBk A K 2 B B W e A WAL 1 e S 5 81 7

A4 http://d. g. wanfangdata. com. cn/Conference 6128146. aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b0%b9%e5%8f%8b%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_Y1427225.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bb%ba%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8c%83%e6%96%b0%e4%bc%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%a5%e6%96%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%ba%8e%e7%81%b5%e6%95%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%98%a5%e9%9c%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e9%91%ab%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Jian-gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FAN+Xin-hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YAN+Wen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Ling-min%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Chun-xia%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Chun-xia%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wang+Xin%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_xagyxyxb200506017.aspx
http://c.g.wanfangdata.com.cn/periodical-xagyxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e9%87%91%e5%84%a1%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_Y992890.aspx
http://d.g.wanfangdata.com.cn/Conference_6128146.aspx

FRUEA: bRtlifids K& (bjsfdx), BT : be32142e-a66d-495a-9a56-9df30119f24d
TN 201049 ] 16 H



