LRI RFPMRAAMFR.H 39K.% 15,2018 F 1 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)
Vol. 39, No. 1, Jan. 2018

DOI:10. 3969/j. issn. 1673-3851(n). 2018. 01. 001

FEAYE SO, RERAXTREREEGHHAR

T o EmE NES B B R
(HTH I RF.,a MBESRFE . LAFE:b ARSEHBESHERARKTHRELLRT;
CAEBEERRLFTHRIEARL T LM 310018)

W OE: RARRLAURREGEHNELSBRFTARERFEE(PMMA R B3 FARRAAE L. EH5RA
#MEMEE S £ 5 (FCO) 4 H PMMA & & & M I3 & = B AL A (SIO,) 28 K Bk, B R 4 548 RE 3 R ik - B Ak, )
& SO, REGBEMET Ak, ARG RSH K EE AN RK PMMA F= SiO, 9 K Bk B 2 2 L E 5848 &
(PDD) , i it 3 £ S 4246 & F L # 4L (FESEM) ML R 4 & & PMMA % § & #4 . PMMA/SIO, £ 4 % F & 4k . SiO;
REOGHEMETFHRGEABHH, 2R AW .PMMA AR BRERE IS m ALEETA THEES BEM,

60 nm#y SiO, PR MK AIREH 5~8 wilo B & B AR G G BEM , 548 B - th PMMA B G T A4 /F = A
B9 Si0, BB B LM, EILEY 4 HEF 5, ER L2 FCC &M,

KB : LTFREREGO LM B8 K8 R
XEktRERD: A

FE S TS195. 644

0 3l

D6 A IR A8 i PR B PR DL B AT R R A
TR RO B S TR R A 2 ] L — i R S
RS R Sl e A 0 1 51 i FE2 i) — Ao A3 ™ i A
LA R AR AE S B RE O 1% 78 A2 A D

AR RE R A ' BRSO 1 e AR I 2 7 52 B T
R ARG ARV 2R E R B G T
THPFEH RO . Mo — R E A ettt
Lot T S ATELE IR O T 8 F PR R DOBEF
A 55 T TR R TR R R

R E A HRCER ARG A e DL B 2
. SEAASHOLT AR, RE B A S0
TR A SE et T AR LA BEORE R B R 2 R
TR RHIT 5 300 22 S 05 (8 45 S A 4, AT DAL B
VES S i A EA LT RN A AL R
UTAF R L S8 AOE T i A B BIE ST B SO B AT
FEAT K BIAR 22 T 11, IFAE w6 T SR 5 AR

il

YR BT 2017—08—12 W 2% R H 1. 2017 —12—11
REEUH . BEARPEELSTH (51403188)

XEHRS: 1673-3851 (2018) 01-0001-06

F A R A WA AR S T AT A T R
B A S5 R 1 R 16 1 9 5 1 R LA =
ALY ) AR BB A AR R A B
b) FF AT IR I T B AR S B o) BR B ARAE
FIREAAC TR, R EHTREEA A4S
FE I 7 it AR 1) 53 AT e T B L T A A 2 T
A (R XS T7 I OF N IE H T AR 25 40k S 3R
T AL S B A S5 R TAR . AR SCRL S 4L A 3R
PEMEL N B, L PMMA 2R F A D BN, 3 i 78
2 BRI SIO, 9K UKL, £ B 52 S0 8 IR A 5 1 bR
ZWIR IR, & SIO, K A 4508 T R A
WFFEHR TE T D5 VI AE b T R B E 5 AU
B A G T AR TE 25 200 AR A b i S R
HEAC T A i IR R D N AR AT A A BEE SHE

1 KA

L1 AR
FAEL: T BT R TP R (MMA, 3 B4, g

FEHRA . T 31992, 0 LRI AL B LR 50 A, 32 B 30 48 (8 Y BT BOR J5 Tl I AT 5%

WAEE#R: B K, E-mail:lan_zhou330@163. com



2 W BT ko o R

2018 4F % 39 %

PG AL T AT IR | L 5 B R B (KPS, 43 Hr 4, |
LA B R A R R IE iR R £ g (TEOS, 43
Bral, ek L o AR BR A FD L JEOK S BE ()
Brali , ma mt A8 g Ak 2 R A BR A JD L 2K (o dr 4
FEE PR TR TA RN D BTk, b s R
L B8 (T3

FEAUAY : FA2204B L F KF (BT BR g4k T
IS B A R A WD , CTHI-100B #1 i J5 16 1% 48 (i
HBALAN 2 5 A R 7)) FRQ-10027T BI85 i 75
VML OB 32 22 55 8 75 I BB AT BR A B » Mastersizer
2000 B JR SC A BE MY (BE [ Malvern 23 7))
ULTRAS5 3 & §f 49 4 B+ W f 58 (FESEM, & [
ZEISS 73w o W30 28 AMT G K AR AT, % 400 W,
WA 365 nm, TE 41 B RITHLAR B34 il G BRA 7D .
1.2 PMMA & 1A &5 561 b M 1 1l 4%

1.2.1 PMMA 95K Sk i1 5

I TG B8 FLWR A 1 ] 45 540 i PMIMA iR
Wk, WA INAE 500 mL PO E I8 5 42 0 o AT
TE I B00% $ V2 645, O 76 1 E <040 v 3l o 0 e 2
ATHEH  FH A AR K v B 45 ) Se g6 TR B 1
HERAE Sy 1 S AE BB P m A — & it MMA H
PR 25 B oK 8 R B B, 9208 THIR Y TR
KB 75 COmABI R RS BRI 2 h J5 45
K r A5 B FLIR A R R R E 1~2 h, B3 PMMA
YR AR WL
1.2.2 PMMA % 1 BH 8 il 4%

Bl 5.0 wt% PMMA 44 K sk [ 4% W, #
PR 10 min, DIPTSR QUL LYIE N M,
K HAE H Al A PMMA filoek A 403w, e F1a
IREIRAS IR E N 60 CLIBEEREN 40%,
il 3 5 L UURIE R PMMA & A A B . R 9 7
AR KRG IELE T 80 C LA L 30 min, L)
R PMMA F50R 42 B
1.3 PMMA/SIO, Y& f R i il &

48 Stober ¥ 7E 250 mL = T4 H# 1k
JMA 6.7 mL IERERR L HE, 130 mL &% ,8 mL 25
FK A 1 mL & K4 25 C/KB A 300 r/min BE 5
PR RO 20 hy il 4 SiO, A0k ek, —E
WRERY SIO. ZK ORI W, H R AE iR PMMA &
F AR T 2R 21 Ry i PMMA/SIO, B4
6 R AR S5
1.4 ZHMNEEHIE SIO, E A A Mk

B B L8Y F i PMMA/SIO, 486 T

AR B T2 AMT R R R BR 25 PMMA 88 A B
LAY 3R SiO, B A G T kg i,
1.5 K5 FRAE

I Mastersizer 2000 % Zh /R SC 5h 25 80O ki B
(3 E Malvern 24 @) il i PMMA Fl SiO, 44k
TROER R AR B B 43 I I3 T K 79 40 oK Bk
Ve WAy ) FH 25 BT K B 1000 £i%

i ] ULTRAS5 3 & 54 B+ B i (FESEM,
PEIE ZEISS A w)) Mg ) &1 PMMA 1 A %
W . PMMA/SIO, &4 6 F dn ik SiO, & H A 4
F 5% AR B R AT AL

2 FHR5WiE

2.1 ZigUEM | PMMA %5 [ F RO I #

L4 1 B3 R TR — ) 0 K Rl RO 4 S 4 2
KA RO T SRS R EE A K1
i PMMA G4 K B BR 10 R0 42 43 A1 B He s oy ik . A
1AL PMIMA Jie 1§ sk 119 7 42 0 A 06 789 S 6
Tt 1 4515 21 10 B3 Bk e A2 0 A 2440 L T L H: B0 HE
55 PDI ¥1/hTF 0. 08, Uk W REER A9 2043 BUbE KL A

30 —=— D:255nm PDI=0.020 —— D:458 nm PDI=0.003
I —— D:342 nm PDI=0.044 —— D:531 nm PDI=0.033
25

20

R EU%

10 l(I)O lOIOO lOIOOO
FifE/nm

Fl1 PMMA 99K BRI 7K A i 45 43 A Jo 52 4y Bobk
K 2 Mgk s iy PMMA & H A6 T ik
BOM 9 e A0 . >R FH 2 T DA L 450108 2 i 4l
AN EEBHE NAEMT, 80 R 1w ] LUE i
PMMA YT iR 2540 . 76 DB B 41 2% 1 5 /2
1L PMMA fBRER 5 BR Z (0] 55 A B 4 3, i
WL I 2R & AR Ok K AR s L BR BR 2 )
B A AR . WA 2 — (D TR, 24 PMMA
KA BRBLAR A3 5 R 255 nm Fl 531 nm B}, 38 F T
T 42 4 3 1 ' T o R 485 4 v G ) ME AR HE S
HE G5 A0 AR AE 25 0 R B L L B A ) AR RRE
(4 D0 7 45 K6 B 28 B DO 9 R SRR AR 5 /N FE A
e AR R B KA AR LT 4 K ek it K 7E 41 % 0



%18

T A R E SO, REAAOLT SRR 3

i TP il G PR TR o 38R R 1 45 31 B8 A5 7 1) 2%
2Ry, W 2(b) — () iR . 24 PMMA 44 K i3 Bk
RifE M 342 nm F1 458 nm B, &L A Y ) PMMA
EAAOCT AR HED) I B R AT 7, B s . R

(@) Dyyyy,=255 nm

(b) Dyy,=342 nm
B2 44U 1 PMMA % (1496 T 5 45 1 9 SEM B8 H-

2.2 Yigl3Ht I PMMA/SIO, B &6 M i g

2.2.1 SO, IRk X PMMA/SIO, 2861 ik
S5 K4 1) 5 1)

YES —F WAL ST M R, SiO, 94 K TR 1

A A B E] B S A I R R A R R A

5RO T AR OCEET anEl 3 s, 43 BT LA 30,

60 A1 90 nm [ SiO, fERELFE PMMA 41 it .

HE 3T LLE 1,2 SiO, ke N 30 nm B, HAE

v

(a) 30 nm

(b) 60 nm

SN GOK AR AR R K, T Fh AR 25 4 b sk 2 a) 1Y
25 BB A H TR S UM R R I A . P
AAXT T 342 nm YK GR F  hife 4 458 nm MY 24
R AR BR B 3 A TR A 1 A AR

(C) DPMMA:458 nm (d)DPM\IA:S:;l nm

BN T A 7 ARG S R O B A AR S
P LLAS A s 24 S10, K424 90 nm B, 78 B 58 TR
R SI0, IR S W2 F R 45 # | PMMA
TR 2 1) 25 B, § 3 SIO, OERMELLE A FDE T i
R ZE R N EB . PMMA /SO, &4 6T S ik 22 3
KT FRE 55 0 IS S R A AN RS2 e, B3 (o)
fis . P& E % 60 nm B SiO, OERIE £ %%
W) F i PMMA & A B,

(¢) 90 nm

Bl 3 %4 I PMMA B A AR IE T A FERAE SO, &5 SEM B A

2.2.2 SO, WEkH E X PMMA/SIO, & &6 T ik
45 F 1Y) B

HE— LR S10. 94 K Gl Bk ik B2 XF PMMA &
P17 A AR B 78 5 R (0 R i SEML IR R B 4 BT R
B 4 Ca) Ha T, 24 SiO, BRI B 2 wi Y0 i LAY
RE/INER A T SRR 25 B L FE AN FE 03 - W AR 3 PR AR AL
BE B HUAR BE B 7F 2 B A Al 19 2o 2 v i 1 2 L &5
P 2L s I T, B SO, fOBR vk BE 1 i 3] 5~
8 wt Yt A 4(b) — () AT UL, SiO, A ER B 1 3 FL
B, 50y B e B AR AR PMMA fisk 22 18] 19 25 B
i H S, AL 4 Ce) B9 BUIE AT L, PMMA/SIO, B
GG F RS AT U SI0, AR A
Sy, ATRLT 7EBR 25 PMMA #it ) . A 115804
JFHEFI B SI0, RAEH AL, A2, Y SiO, Bk
WREAH] 11 wt % B . PMMA & [ A BAR 3 Si0, 4%
BRI T H W 35, 7E Bk 25 PMMA AR o B o

S8 SO, MERBF .

B AR SCI AR T SIO, TR 5~8 w6
EH AR T PMMA 8 A A AR, 1T DL gk A9 01 5
B AT RS 1 A R T 5 2 i e BT i 1 S
BT R,

2.3 ELHMEBE & SIO, KE A 85 0 b
2.3.1 EEAMEEIRIXT SIO, K G T AL
F) 52

H TGS AR Y RS,
BRBA B S1O, SO A 25K 6 R A 25 BRASE AR &
KA — 2 BER BEAS BT AR R Ay - Bk o T
Al AR Y = 4 AR 2R R B SR B 5 R R A A
] 43 518 3.10.20.30.,40,50 min B, %4408
S0, REAANT RS SEM B, hE 5
AT, FE 28 A0 i B 2 b, B R BR OB [ f 3 m
PMMA % ¥ B 1 A B AR o9 25 B, ol 23 SOOI



4 W BT ko o R

2018 4F % 39 %

o, 2 28 A0 A IR ] 55 8] 50 min, £ KLY 1
R T MR A R FCC =4k KALZ5H, S ML
T %y 5 22 HE BR HE 3], e R R L AL 45 4 i e D L AL
AR/ — ] DLF B X PMMA & A B AR 1
B IE SO, MBS Al TE SiO, &
HACT kgt LR EAD KA, B R LA
SRR = 4 D A1 57 o R < S 4 N N N Wl =1 B T B
ANFUAR L JE 42 B R T = 4 il i FLIE &5 F . X
2K R A G AR B AR R B PMMA Bk 20 2%
1530 1 2% HE AR5 4, 28 A1 4R B L BR PMMA BUER 5
SRR A S Ae R L R S L, AT DU B )2
SAUNLEE R, R bR X R R AR By Oy ik A

(d) 1%

SiO, [ A S5t 7 i B o AL 5
—J7 1. 38 i SEM WLEE 0] A1, PMMA 25 1A R Al
FERRLAZ A 458 nm, 1 SiO, X 14106 T ik
SER R FL I FLAR S 405 nm ZE AT, T DA G0 8 A
W MR IS 6 7 A AR R AL L AR B A X i 46 1 R 20k
53 nm. SO XTUCAE F - 11, 57 % , 8 22 i SCHk 4
M) 20 A s, BE L R SR R T

2 H L — ok ol i RN &/ T 1006, HEE
i A B A S i B A — E AR L AT DUR R A
RS 3 Ul B T 56 SN AR R B R A 25 4 S A
EEBRE A ABR M =AY SIO, RE A
T AL B A AT

(c) 8%

(e) 8% (K mil&])

4 IR SO, (60 nm) L FE PMMA & 1 A4 #iARUS 9 SEM IR A

(d) 30 min
B 5 R[EEAMEIRE R TSR L8 L Sio, RE A AT MR SEM B

(e) 40 min

-y

(c) 20 min

(f) 50 min



T AR Y b SO, KB EAOLT A R Z R BIE Y 5

2.3.2 EEHMEIEE BT SiO, K HADOE T A4
T4 114 5 T

R TEAS ) 48 A1 BRI 2, L A o e
IR, P 6 58 A B[] isf ) T, 58 41 i BB
435k 5.10.15 em B A5 211 SIO, R FADOLT
AR REIES . 4R IEEE BN 5 em 28] 15 cm B,
S0 HMi IR B B B 0 3 i s . R B 6 Ca) T
L MARBREE B 5 em B, T EE B O R A
TR BT B AR R I G A AL RE T L, AL E B

1

A SCis TG BRI R A, Hl s 2 B A R4
BRIE B B B 50 B PMMA BER . 8 d 3F E A A 4
Bevk A B A =4 P 9 PMMA & H
AR, BLFE SIO, 94K UKL, A Bl 48 41 4 B 5 =]
PLEBR B FADOGTF SR BN 1 =456 7 19 Si0,
REE A S50 1 06 F AR, AR — s i L 8
SIO, BEAREERRLAR R DL S 56 A1 i BRIt i) L B R
A R b S 2 R R 1 S R A T R AR

S 2k

[1] Waterhouse G T N, Waterland M R. Opal and inverse
opal photonic crystals: Fabrication and characterization
[T]. Polyhedron,2007,26(2):356-368.

[2] Ni H B. Sol-gel co-assembly of inverse opal film and
research on its optical properties [ J]. Acta Physica
Sinica,2012,61(8):084211.

(3] BOIE& . 2 ilg 40, oy 708, 5% 00 ¥ W A v Tk 2 oA
Py A SR A O BIT 5 0k JR [ ). Al 238 4 . 2009 72 (4) £ 298~
306.

(4] ERR RBR0E, FERE. 5. S0 0 REH AT
st PR B T g 2 SR LD ] MR . 2014, 28(17) £ 36-40.
[5] GuZ Z, Chen H, Zhang S, et al. Rapid synthesis of
monodisperse polymer spheres for self-assembled photonic
crystals[J]. Colloids & Surfaces A Physicochemical &
Engineering Aspects,2007,302(1):312-319.

[6] And X H, Brittain W J. Synthesis and characterization

(b) 10 min
Kl 6 AFSESMEIEE T SO, SR\ AT AL i iy SEM iy

B o X LA B A T RRURH 5 S 1 FL B S 4 . R
25 10 cm BF , PMMA #5525, 6 il A 25 40 JL R %
ATLIERE R ERER T Z0 =AML Wi 6(h) iR,
MR 6 ()R UL, 48 BRI B3GRy 15 cm B, B TR 2
B M FE R RN R, R 2 PMMA [ £ B0 R bl
SEA R IR FLRE AR FLAR B/ R AR B R 2 ) =4
BIA /INFL, I AR A5 B AL (1) SR A A6 T AR 1,
PRI, A A o 2R A IR B A R P e 9 80 145
BB/ SRR SIO, FE A 6T RS 1

|- i §

(c) 15 min

of PMMA nanocomposites by suspension and emulsion
polymerization[ J]. Macromolecules,2001,34(10) :3255-
3260.

[7] Zhou L, Wu Y. Liu G, et al. Fabrication of high-
quality silica photonic crystals on polyester fabrics by
gravitational sedimentation self-assembly[ J]. Coloration
Technology.2016,131(6) :413-423.

[8] Zhang Y. A visual and organic vapor sensitive photonic
crystal sensor consisting of polymer-infiltrated SiO, inverse
opal[J]. Physical Chemistry Chemical Physics,2015,17
(15):9651-9658.

(9] 2= SCEL, X 4, AR, 4. 4k pk /3R AR BL T M3 e R
BEGF MR TE R R Y L m A 6 l]] 9548 %k,
2016,37(10) :62-67.

(1070 =5 ML, VP, 45 AR AL 2 SOMR TR B i) 4% 8%
REEA A =40 T f R[], 6 72 4. 2009, 38 (2)
281-284.

(111 R, SIO, /A WA F 0 50 = 46 b i B 45 4
SELD]. 22 M« i EBE A BE K5 . 2013,

[12] Hatton B. Assembly of large-area, highly ordered,
crack-free inverse opal films[J]. Proceedings of the
National Academy of Sciences, 2010, 107 (23):10354-
10359.

[13] Cai Z, Teng J, Xiong Z, et al. Fabrication of TiO,
binary inverse opals without overlayers via the sandwich-
vacuum infiltration of precursor[J]. Langmuir the Acs
Journal of Surfaces &. Colloids,2011,27(8) :5157.

[14] 7 L. — 456 7 fb AR 09 B 11 55 B = 2 U3 M A 45
AT [ D, b5 b 5t 5838 K2, 2010.



6 W B T Kk % % W 2018 4F % 39 %

Study on silica inverse opal photonic crystal on

polyester fabrics and its structure
DING Jiao*" . CHAI Ligin®", LIU Guojin®"+ SHAO Jianzhong*"*  ZHOU Lan*""
(a. Silk Institute, College of Materials and Textiles;
b. Key Laboratory of Advanced Textile Materials and Manufacturing Technology, Ministry of Education;
c. Engineering Research Center for Eco-Dyeing and Finishing of Textiles, Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The monodisperse polymethyl methacrylate(PMMA) microspheres were prepared by soap-
free emulsion polymerization. The PMMA opal template with surface-centered cubic(FCC) structure was
constructed on the textile substrate by vertical deposition self-assembly, and SiO, nano-particles were
filled. Then, ultraviolet irradiation technology was used to remove the template to prepare SiO, inverse
opal photonic crystal. Marvin laser particle size analyzer was used to test PMMA, SiO, microspheres and
PDI. The surface morphology of PMMA opal template, PMMA/SiO, composite photonic crystal, and SiO,
inverse opal structure photonic crystal was observed by FESEM. The results show that PMMA
nanospheres with the particle size of around 458 nm are suitable for constructing opal templates and 60 nm
SiO, nanospheres can be filled with opal templates at the concentration of 5~8 wt%. After the removal of
the PMMA template by UV irradiation, a three-dimensional orderly SiO, inverse opal structure can be
prepared, with even hole diameter, orderly arrangement and FCC structure.

Key words: photonic crystal; inverse opal structure; polyester fabric; ultraviolet irradiation
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