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Polydopamine/SiO, modified polyurethane for preparation of
composite materials containing structural colors

XIN Hua"?, CHEN Yue"*', PENG Qi'?, LI Yangfan'?, LI Xingi'?, GAO Tengteng"?

(1. Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education, Shaanxi
University of Science & Technology, Xi'an 710021, Shaanxi, China; 2. College of Chemistry and Chemical Engineering,
Shaanxi University of Science & Technology, Xi'an 710021, Shaanxi, China )

Abstract: Amorphous photonic crystals PDA/SIO, in three different colors, blue, green and red, were
prepared respectively by coating polydopamine (PDA) onto monodisperse SiO, microspheres with three
particle sizes of 187, 245 and 274 nm synthesized via a modified Stéber method. Composite materials
PDA/SIO,/PU were then synthesized by introducing the amorphous photonic crystals PDA/SIO, into
polyurethane (PU). The structure and properties of amorphous photonic crystals PDA/SIO, and composite
materials PDA/SIO,/PU were characterized by FTIR, SEM, TEM, UV-Vis, DLS, contact angle meter and
universal testing machine. The results showed that the color of amorphous photonic crystals PDA/SIO, was
controlled by the particle size of monodisperse SiO, microspheres, while the color saturation could be
adjusted by the amount of PDA coated. The introduction of amorphous photonic crystals PDA/SIO, into PU
led to a dark red structured polyurethane with a maximum tensile strength of 40.28 MPa and a maximum
water contact angle of 113°, while gave the polyurethane structural chromogenicity and excellent
mechanical properties and hydrophobicity.
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ok HAMLESH i B S A, KIS,
WAL PU AEEAES], MR TR, XMAEEd S
T AR [ R JEE 1) 75 el

T 2546 (A 23 TR BE T AL (R B RE TR (1871 4%
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N 3 T R ERREE (HDI), 4rffrdl, b
e MAE R A A R A 7] 5 IERERR £ ( TEOS ),
Srral, KT KAk 2ARH) T R E K
I (PTMG1000 ), Tolkg, |7 R E TABRA A

SRR R AT L IR R % vP W ( TrisHCI ),
pH=85, Z[E Amresco MR A RN ; 4K
( NHz*H,0, JFift /5t 25%~28% ), 43#ral, |40k
R A BR A F] ; EhIRZ U (DA, B
98% ), FAlikF A A BR A F] ;. oK LB (EtOH ),
SAATEl, RETE TR THRAR; NN-—H
FLH L (DMF), Zrbrét, % fH LR 404k TA7 BR
TULAF; HEERR — T %8 (DBTDL ), 44l
&R E R R RA RA R 1,4-T 2 (BDO),
orbrat, Pl TABRAR; 2EFK, Al

Vector-22 {# B AR e 21 AN, 1% Bruker
Z3#l; H-600 &5 T W, HARHILA A
Malvern Zetasizer Nano ZS ZEN3600 44K ki )& 5
Zeta AN, BEEHR SR A R/ F] 5 FEI Verios
460 =53 HE Rk S R e, SRR FEIL A
Cary 5000 ££4h-1] W3 2T AR BETT, 36 225
R A F ;. JC2000A Fz ML, i R4k
FHARBARAAIRAT ; XWW-20 J7RERIGHL, K
T 4 HEAR AR A BR A F]

12 #HEHE
1.2.1 5 SiO, Ik 89 A M

L Y Stober 11 £ B4 SIO, Mk
# 45.50 mL Jo/K ZEEFN 4.50 mL TEOSIR A%, ic
A 45y ¥ 16.25 mL K 2. 9.00 mL 24K .
24.75 mL KEFKIRGIA, 108 B4 3. A Horm
A 250 mL =B, £ 1100 r/min, 30 °C s
BIA B A6t 1 min 5, JETTFEE A 400 r/imin,
R 2 o W 45 9 , 76 10000 r/min R 250> 10 min,
BT ZUTvE i oK L Pk 3k, 78 60 CEZS T
BeR R 3 hE, BEATHFE, 153808 SiIo. i
Bk, Hh, TEOS KRN 4.5%, HFE S r 40
SiO,-b,

HATF= & ik L, R %4 TEOS 1)
B EL, ¥ TEOS IRk 2.5% . 6.5%fi 1511
ANRIRLAR B BLAr I SIO, BR324 4 SiOz-a,
SiO-c, JrRhdl pl e & L3R 1,

F 1 O SIO IR A S B

Table 1  Synthesis parameters of monodisperse SiO,
microspheres

. JHE/mL
RN

TEOS EtOH NHzH,O H,O
SiOy-a 2.50 63.75 9.00 24.75
SiO-b 4.50 61.75 9.00 24.75
SO 6.50 59.75 9.00 24.75

1.2.2 3E 4T satk PDA/SIO, #9465,
H2 1.00 mL 1 mol/L i pH=8.5 %) Tris-HCI 5 100 mL
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EBFIK, A 0109 SiOra, M E4MEIA . ¥
TRA AR 250 mL 1% = A K&, 78 300 r/min.30 °C
FAA 0.03g DA, [ 20 h, FE#pfdi 258 7K ik
B3k, ThUE, 7E 60 °CHEZ AT HE 24 h,
WFEEAS )5 A dE e T K PDAISIO,, v H
PDA/SiO,-0.1a,

HAAr=Pm & ik B, IS Siora,
SiOx-b. SiO,-c w437~ 0.10, 0.20g, HA4xd
SRR, TS (AR ). & (D). 40 (IR
% ) 6 Fi R [F Y PDA/SIO,, EAkar# & SO, iBk
w0k 2,

# 2 FERILTFRIK PDAISIO, & S EL
Table 2 Synthesis parameters of amorphous photonic crystal

PDA/SIO,

HEMARR  SiO fiEk/g i, PR
SiOra 0.10 K PDA/SiO,-0.1a
SiOra 0.20 Hik PDA/SiO,-0.2a
SiOy-b 0.10 Lk PDA/Si0,-0.1b
SiOxb 0.20 Rk PDA/SiO,-0.2b
SiO,-c 0.10 AN PDA/SiO-0.1c
SiOyc 0.20 e EAN PDA/SiO,-0.2¢

1.2.3 PU Z & 4 ## PDAISIOL/PU # 4 R,
it 15.00 g PTMG1000. 5.17 g HDI . 15 mL DMF
F 250 mL — B, #£ 70 °C . 200 r/min ¥ ) [

OCNf

n HO\RZ/OH + n OCN\R/

\

H
OCN[R;N\H,O\ R;oer - N\H/O\/\/\Of

O (0) (0)

HO.p OH = HO{ ~_~H

PTMG1000

1.3 HHMRMESHERENIK

FTIR MU : SR FTIR XHRE S HEAT IR, D%k
JEF 4500~400 cm™t, Z#ER 2 omt, EhEOGEE
(DLS) M. SRAGKKIE S Zeta #7452 FE
rRiA% IR B L SIO, TR F 25 8 Tk R B
500 fE 2= iEIRAS, BAF SIS, RETE 256 C T it
A7, SEM UK. SR SEM ILEAE i OB 5
M ETE AR LB KRR, TEM L. R

4/FF, A 0.02gDBTDL, J2)i 25h, 1 0.13g
PDA/SIO,-0.1a A = 5, FIA 0.985 g BDO
S 30 min, B R ABEAE K 50 mm x 50 mm x
5mm MR OIERE, 7F 110 CHZ TH4E
HATEAL, BT AR SRR 2 90 CURZz# ik 5 h,
S5 JE T ORI BR AR, M RIE A MR PDA/
SIO,/PU, Hr, PDA/SIO, &kt (L4 PTMG1000,
HDI . PDA/SIO,. BDO it m3EiE, TIH] ) & 0.6%,
it} PDA/SIO,-0.1aPU-0.6.,

HA=Y & ik b, REE4#E PDA/SIO;
/F‘?Ejﬁ 0.6%F1 1.2%, HARFKMHMRFEAZE, Bk
PDA/SIO, It K =) # FR L3 3. Hirp, PU By il £
FTFMA PDAISIO,, HAE |,

%3 HA4 MK PDA/ISIONPU 14 RS 5k
Table3 Synthesis parameters of composites PDA/SIO,/PU

PDA/SIO, PDA/SIO, & /g /B
PDA/SiO,-0.1a 0.13 PDA/Si0,-0.1a/PU-0.6
PDA/SiO,-0.1a 0.26 PDA/SiO,-0.1a/PU-1.2
PDA/SiO,-0.1b 0.13 PDA/SiO,-0.1b/PU-0.6
PDA/SiO,-0.1b 0.26 PDA/SiO,-0.1b/PU-1.2
PDA/SiO,-0.1c 0.13 PDA/Si0,-0.1c/PU-0.6
PDA/SiO,-0.1c 0.26 PDA/SiO,-0.1c/PU-1.2

AR PDAISIOLPU A B R Bz

E cho

R;j]/

" HO_~~"~0H —>
BDO

H H
7 OCN[ TO\R;O\H/N~R,1N\H/O O+n

OCN\RT NCO = OCN _~_~_ -~ NCO

HDI

TEM XA G0 2 1B O A 00N, 25 55 1 7K s A i
()5 B A BN 1% R A0 - 1T -3 21 A0 4 ol ol i
(UV-Vis) Ml . 2R FHEA0-1] WL-3T 2050 e e BT T
XRE SR IEATINGE , By ACKE SRS PRI,
FEAE i ALAS 24 10 mm x 10 mm x 1 mim, 42 fi 5 0 .
SR FHA ik 7 000 5 (SO R i e TR A T I, o2 b
DR SR T REIR IR WL R FE S F1 2= PERE , B S i AL
45 mm x 10 mm WEERFESS, FEMJERFCRE 20 mm,
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2 HR5H®

21 B8 SO, MK RIE
211 FTIR 447
Kl 1k SiOaf FTIR {%&

1090
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PeE/em™

K1 SiOralf FTIR &

Fig. 1 FTIR spectrum of monodisperse SiO,-a

HHI& 1 AT %0, 3450 F1 1641 cm™ &b i A4~ i i
43 5R SiO, HH 45 G 7K 1—OH B 1) [z X FR A 45 Ik 3
Je A ¥R, A7 T 1090, 800, 470 cmi™ &b 3 Mk
Wl I & T Si—O $ERY S R FRF 4R Bk gl . X FR A 4
Pezh S PR3N, UERH BT H SO, sk il 48 12 o
2.1.2 DLS 4 #f

& 2 il gt 5 A [6] TEOS 1R A0 K & 7 i) 2
STHL SIOL Tk B RLAR 43 A1 5P S4kiAe . H Bl 2 AT LA
FH, B0 SO MEkr kiR E TEOS AR 4L
HYIEINMIY K, SiOa. SIO-b. SiOy-c (- F- kit 53
%2k 230, 270, 309 nm,

SRS 230 nm

200 400
$i4%/mm

35

SE35%i4% 270 nm

200 400
K48 /mm

2 SiOra(a). SiOyb (b) i1 SiOyxc (¢) HPRIFRIM i
Fig. 2 Particle size distribution of SiO,-a (@), SiO,-b (b)
and SiO,-c (c)

FIH Barrg- Snell 2 ATHER L, 6 T4 BB
AR S S W37 B BT L SO, EERAYRIAE S R
A=23874d (Hr, 1 ARFEHIER, nm; d
B HE SIOp TR IRIAE , nm), AR UG Y
9 RGO BK (390~780 nm ), BJVAT 5 3 B i
TR SIOL ER KL AR B (1 163~318 nm ), X E
ST HER A Y B SIO, R I AR AE PRI (.
A BEVE R N o BT, 2068 3 K9 Rl ( 760~620 nm ),
45 3 K Y0 Bl (577~492 nm ). ¥ @)% K 7
(492~435 nm) ™, ¥ 230, 270. 309 nm#iA
b4 /= WK L= S O V35 e i - N 0B 8o e i 1N U RS TN
WA Bt i, . BARBUE ISR 4 s, o, Dpgs
47 DLS W45 (g B4 8 SIO, MR /K & Bi7% , nm;
doLs MRS SiO, flER A 7K AL AR X R 71 B )
HLPEK, nm,

4 TEOSHRFR I BOGH .3 B SO, R ALAR 73473 Y M
Table 4 Effect of TEOS volume fraction on particle size
distribution of monodisperse SiO, microspheres

FE il »(TEOS)/% DopLg/nm JpLg/nm
SiO-a 2.5 230 549
SiO2-b 4.5 270 644
SiO,-c 6.5 309 737

2.1.3 SEM 4 #f
Kl 3 NI SIO, ki SEM &1, R4S
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g 5 prs, i, Deey i SEM A4 B4 HE SIO,
IR B SEPRRLAR , nm; Asem ST ERL SIO, ik 1 52
FRRLAR X R G B A O K, nm,

i & 3 ] LT E] SiO-a. SiOp-b, SiO,-c 5%
Prokifesy il 187, 245, 274 nm, H.f#akyy— s
Fo ST DLS IS BRAG BRI, 80753 17K A kL
7GRkt fieiR 2219 i A Barrg-Snell 2430
A9 B0 R FH7 B A B ST WO B, SERR
REAR ST IO 00 ) I A R A B BRI BE I

Kl 3 SiO,-a(a. al). SiOy»b (b, bl) il SiO,-c(c, c1)
) SEM &
Fig. 3 SEM images of SiO»-a (a, al), SiO,-b (b, bl) and
SiO,-c (c, c1)

# 5 SEM il DLS J5E BRLAR B I S HO0 T
Table 5 Comparison of SEM and DLS particle size and
wavelength parameters

Fef Dsew/nm Asew/nm Dpig/nm  Jpig/nm gifa,
Si0-a 187 446 230 549 I
SiO,-b 245 585 270 644 2
SiO,-c 274 654 309 737 E4)

2.2 FERAF R PDA/SIO, HIRAE
221 FTIR %#F

& 4 SiO,-a fil PDA/SIO,-0.1a ) FTIR 3% .
K 4T LIEH, SiO-a% PDA U7 )5, 3375 cm™
Ab I I AR S5 . PDA 5 SIO, T AU i S R I Y

MgEdE s s E 4, [FA7E 1520 cm™ &b 3 T N—H
RS AR sh kg, B PDA/SIO, Y S .

SiO,-a

3450
PDA/SiO,-0.1a

1510

3375
1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
BH/em™

4 SiOyafil PDA/SIO,-0.1a ff) FTIR [l
Fig. 4 FTIR spectraofSiO,-a and PDA/Si0,-0.1a

222 TEM 4-#F
& 5k SiO,-c Fll PDA/SIO,-0.1c ) TEM &,

500nm |

K5 SiOyc (a. b) fil PDA/SIO-0.1c (¢, d) i) TEM K
Fig. 5 TEM imagesof SiO,-c (g b) and PDA/SIO,-0.1c (c, d)

A& 5 AL, M SIo, 4 PDA WG
SO SRR R W EIR” . PDA YA) Al A By
SO, ek I, HAUEREE h—3, H S0, il
FIEREE S DA BB BRI A LI B4 5 1 &
B, N5 S DA LA SIO % T A B TE L SO,
Fi% . ELA s A PR B RN TG Y PDA S ASELI
RN “WER” 4549, HIEl 5a, caTLAE H, Bl
& PDA HEMTERL, B SIO, kA 7E H HEA
PR FLLIIT 20 S0 X RS
Ao PDA HAG M2 B S R i 21 3k SO S K T L
BR 7] (19 422 fh 1o B B0 445 9 42 55 . PDA/SIO,-0.1¢
f SR AR AR B B K, S B0 M R B RN RS E R BT 4
T+, AEFOET A PDA/SIO,-0.1¢c 15/ JE 30
RAPEER, AR AR ML T S AT B S
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223 REF MM
& 6 FAESET ik PDA/SIO, 1 UV-Vis {8 2
SHGIE, KB 7 RMERAE SIO, Mk KR ST R AR

PDA/SIO, H)Jt2- KU I A .
20 —_PDA/SIO;0.1c
1.8} PDA/Si0,-0.2¢
L6k ——PDA/SiO-0.1b
. ——PDA/SiO,-0.2b
g 14t ——PDA/SIO,0.1a
§ 12k ——PDA/Si0,-0.2a
- s e
1.0E
0.8F
0.6
1 1 1 1
400 500 600 700 800
P K/nm

K6 dEfLT b PDAISIO, B UV-Vis i K 4161
Fig. 6 UV-Vis diffuse reflectance spectra of amorphous
photonic crystals PDA/SiO,

B G T AR RS AT AR AN e B AR T ]

PDA/Si0,-0.2a PDA/Si0,-0.2b

PDA/Si0,-0.1b

PDA/Si0,-0.1a

RN, A TESH AL E N A S TR
i, SEORBCEBESRFENL, 7S5 M i kst
BRAE, MR [l T,

H & 6 n%1, PDA/SIO,-0.1c 5 PDA/SIO,-0.2¢c
)6 TS K AR 600 nm BiFUT A4 W 5 IH i
INF ALY B, 5 SEM B8 FHE I 19 % K AR AR T/ IN2E
S, ATHEI by P E R TG AR AR Y R AL
PATH O T T A B0 A HEE, iR &b+ ik
PDA/SiO, 775 ) 45 44 B [ 35 B 43 22 52190 ]
7 i/~ , PDA/SIO»-0.1c 55 PDA/SIO,-0.2¢ 3R FE7E
AP RIER, HS5AMME 6 —8 RO
PDA/SiO,-0.1a SN WL & 43 ~F- T & , 3 1 75 4 7] L
B OEE >, [l — kAR 7E A w1 1E
BT, REROCRE LR GO S, RIS
gL, 5K 7 FR—8 TP, JEMET
il PDA/SIO, T LATE 2 1815 PDA F i SR A
YR

PDA/Si0,-0.2¢

PDA/SiO,-0.1¢c

K7 BT SIOp Uk K AR G T i PDA/SIOp FE il OO 27 50 IR
Fig. 7 Optical digital photographs of monodisperse SiO, microspheres and amorphous photonic crystal PDA/SiO, samples

2.3 E&## PDA/SIO/PU RIE
231 FTIR %#F

8 & PU K& & #k PDA/SIO,-0.1a/PU-0.6
B FTIRJ%E . H1K 8 AT %1, 3580 K 1643 cm™ N4
F R RS AT Y N—H B8 A4 P s AN s il iz sh g
Wil , 2354 cm ™ S —NCO B4R, [ PU J—NCO
B, AT LA AR A REE . H PDAISIO, B A

S0 PU 451, PDA/SIO,-0.1a/PU-0.6 7E 3598,

2356 J 1685 o kbl lioids S R A PU B kA T
—ERERIEE, T PDA/SIO, i) N—H 5
PU KBS EA . 1100 cmit =l Si—O—Si #E iy i %t
FrifgadR s, L bdrski, PDA/SIO, A5
AE AW PDAISIO,-0.1a/PU-0.6 1,
232 RFMERHHT

Kl 9 & PU NS AL PDAISIOPU JERY
UV-Vis i, K 10 & PU JE & & 4 #1 K PDAISIO,
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PU AL 2 AL TS B A A DI 2 R B A

3580
3598

2354
—— PDA/Si0,-0.1a/PU-0.6
2356 /I’ —PU
4000 3500 3000 2500 2000
PHH/em™
K8 PU FIE & Hk PDA/SIO,-0.1a/PU-0.6 1Y FTIR 1% &
Fig. 8 FTIR spectra of PU and composite PDA/SiO,-0.1a/
PU-0.6

100

1500

| |
1000 500

oo™ "~
—PU

/ ——PDA/Si0,-0.1a/PU-0.6
» ——PDA/Si0,-0.1b/PU-0.6

40f ———PDA/Si0,-0.1c/PU-0.6
1 1 1 1
400 500 600 700 800
P /mm

K9 HE&HFE PDAISIONPU Y UV-Vis i
Fig. 9 UV-Vis spectra of composite PDA/SIO,/PU films

& 9%, 244K PDAISIONPU 1Y i %

PDA/Si0,-0.1¢/PU-1.2

PDA/Si0,-0.1b/PU-1.2

PDA/Si0,-0.1a/PU-1.2

BALHT

¥J7E 500~600 nm Y [ A A A [ R BE ARG . e,
PDA/SiO,-0.1¢/PU-0.6 A4 35 i R T B AR B e W I,
HE KWK st ks —30, B2, |
T PU MIRA MK, AR, SFHEHENZ
SERR TR TE VR LR 5 AR B B T &2k BRI
Y, SEURASEWR PU B, HE 10 LG H,
LT PDA/SIO,-0.1a/PU-1.2 . PDA/SIO,-0.1b/PU-1.2.,
PDA/SiO,-0.1c/PU-1.2 3 Tl 45 & bk}t 2 (0, 52 1
P . 2k, BELD, Bkt R, B X oy B
%, 3RO TR, Pbas s g6
PU A B 8 AL B EIEAT T8I, 15 BT 2548 (o i
%, SE3FESHE PDAISIO/PU Bt 28 mE, MM
IR AR R BEAL 15 5 AR
233 BREA S

& 11 2 PU JE SRR A 41K PDAISIOPU JE (1)
Hefh s, B AL AT, PU RS KA R 770, 1B
R LE, 2K, 46 ME PDA/SO0.1d
PU-0.6. PDA/SIO,-0.1b/PU-0.6 . PDA/SiO,-0.1¢/PU-0.6
3 Pl A K ik SN B iR A MK PDAY
Si0,-0.1a/PU-1.2. PDA/SIO,-0.1b/PU-1.2 . PDA/SIO,-0.1c/
PU-1.2 3 Flr 5 Y 7K 422 fil ffy aE — 20 3, Horr,
PDA/SiO,-0.1a/PU-1.2 JIE {5 /K 322 i /3 1T 34 113,
Bk, dERETR PDAISIO, BinAfREfE PU
MR MTREREAL, A MBI E K ST

— 7, B SO, MERA B )R, JEIE R
BRFEWOMLRE BERG ;5 — Ty, AESOET MK
PDA/SIO, ¥4 5 PU ik Bk kv, i
— PR

PDA/Si0,-0.1c/PU-1.3 PDA/Si0,-0.1¢/PU-1.2

PDA/Si0,-0.1b/PU-1.2 PDA/Si0,-0.16/PU-1.2

PDA/Si0,-0.1a/PU-1.2

PDA/Si0,-0.1a/PU-1.2
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Fig. 10 Digital photographs of PU film and composite PDA/SiO,/PU films before and after maturation for colour change
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Fig. 11 Water contact angle of PU and composite PDA/
SiO,/PU films
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Fig. 12 SEM images of tensile sections of PU and composite
PDA/SiO,/PU
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Fig. 13 Stress-strain curves for PU and composite PDA/
SiO,/PU films
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Table 6 Stress-strain curve parameters for PU and composite
PDA/SiO,/PU films

R 2R PSR /MPa WK %
PU 70.60 704.72
PDA/Si0,-0.1c/PU-0.6 35.00 132.79
PDA/SI0,-0.1c/PU-1.2 30.39 7251
PDA/SiO,-0.1a/PU-0.6 40.28 157.50
PDA/SiO,-0.1a/PU-1.2 26.88 51.67

& 13 F16 1 a5, PU JE A% B KR o BE
70.60 MPa, Wi %R 704.72%, AL ET
ik PDA/SIO, J5, A K PDA/SIOLPU i H: B
ARIFRER T, B PDAISIO, FIBEEYS PU &4
SR I T AN [ R BE A 38 B, BRI T 43 F A iz 5l
SEHAM KR TR, CHRBREARNY — ST
J 2 52 B A I3 AR B = A o S B g, Bk
S B REAIG . UL, A R PDA/SIO,-0.1a/PU-1.2
P PSR 2 26.88 MPa, Wil R [%k %
51.67%. H1F PDA/SIO, i) A R & 53 PU INHB3Z )
ANy, FrLAR S g ot — 2 1 . Y PDA/SIO,-
0.la #HEINZE 0.6%Hf, & #E PDA/SIO-0.1a/
PU-0.6 A4 & Ko7 {5 BE 7] 7+ %5 40.28 MPa, WiZd
K&+ % 157.50%., PU 7E/IA PDA/SIO, J& i 3t
T RA S HPERE TR, K SiO 4 PDA MUtk
HLREFR RN, RmBE N, =7 THAE PU
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samples
3 #Hit

ARSCE R ] TEOS AR il 48 1T AR R4S R
L SIOL fEER, FIF DA ZERRMESRIE T H R A RIS,
XF SO T T, HASHE ST A PDA/SIO,,
BHEIAR PU il & T & 4508 A8 PDA/
SIO,/PU, FIH FTIR, 4ZfilfAlE{L . SEM. TEM .,
UV-Vis, DLSXJH 347 Tk, H8ILIF 458

(1) BASHL SIO, IERRIAE T 45, $—MERIF, ki
Bl TEOS AR B3 i K . TEOS 1A/
0 2.5%. 4.5%. 6.5%%F N Al §il1F 187, 245, 274 nm
3 FvkiAE 1Y B3 1L SIO, K

(2) 187, 245. 274 nm 3 FRifR 1 5438 SiO,
i ERZ: PDA f 78 Jo X R B i €, | S f 2 (e )
Ik i 6T Sk PDA/SIO,;

(3) ¥ EROL T AR PDAISIO, 5] A E] PU
o, AR R R LA R A A A B PDAISIO/PU,
H, PDA/SIO,-0.1a/PU-1.2 7K 3 il 1 15 3 113°,

HA B A5 KM . PDAISIO,-0.1a/PU-0.6 F 5 K Hi
i35 B R 40.28 MPa, Wi {fiK R 157.50%, HA
KA 12k R

ARSCAELE R AR H & L, RUE T 2K &A%
[ BTN a T 67 SR 25 R AR RS 1, Dl 2544
U E . NiE—2 it PU LG E G EFERK
JAE G R R AR () B GT RS AN Y A [n) R
GRAL TR, HOoWS Skl a o w AR A
MR TR

SE WK

[1]] SANTOS H, SILVA M, SILVA V R, et al. Polyurethane foam
impregnated with lignin as a filler for the removal of crude oil from
contaminated water[J]. Journa of Hazardous Materias, 2017, 324:
406-413.

[2] WANGC,WUCY,LIY C, et al. Flame-retardant rigid polyurethane
foam with a phosphorus-nitrogen single intumescent flame retardant[J].
Polymers for Advanced Technologies, 2017, 29(1): 668-676.

[8] LI X R, LI J WANG J Y, et al. Recent applications and
developments of polyurethane materials in pavement engineering[J].
Construction and Building Materials, 2021, 304: 124639.

[4] CHEN H H (%), GAO W H (Fiffiit), CHEN K K (BRELEIL),
et al. Research progress on the fabrication and application of textile
materials with photonic crysta structura colorg[J]. Chemica Industry
and Engineering Progress (1L T3/ &), 2022, 41(8): 4327-4340.

[5] WANGW T (E3C#), LAl X T (Bikl), HE X B (falitliit), ez al.
Degradation of dye wastewater by reductive organic acids coupled
with ferric supported activated carbon fiber[J]. Fine Chemicals (41
1£T), 2021, 38(5): 1023-1029.

[6] ZHAOY J XIEZ Y, GU H C, et al. Bio-inspired variable structural
color materials[J]. Chemical Society Reviews, 2012, 41: 3297-3317.

[71  WANG C (E##), NlUW B (430Gi), LI SM (ZH4), ef al. Self-
adaptive photonic crysta structure color device and its application in
camouflagefield[J]. Fine Chemicals (§41{L T.), 2022, 39(8): 1619-1625.

[8] KOU D H (EAH), MA W (), ZHANG S F (3kilZY), et al.
Research progress on applications of one-dimensional photonic
crystal materials with structural colors[J]. Chemica Industry and
Engineering Progress (f T/ i), 2018, 37(4): 1468-1479.

[9 ZENG Q (¥#), LI Q S (&%), YUAN W (&fF), et al. The
mechanism is the application of amorphous photonic crystals with
structural color[J]. Materials Report (#14} F:412), 2017, 31(1): 43-55.

[10] AGUIRRE C I, REGUERA E, STEIN A. Colloidal photonic crystal
pigments with low angle dependence]J]. ACS Applied Materias &
Interfaces, 2010, 2(11): 3257.

[11] WANG W T, ZHOU Y C, YANG L, et al. Flexible displays with
multimode reversible switching between transparent and colorful
states{J]. Advanced Optical Materials, 2022, 11(5): 2202418.

[12] REN GY, SU H J, WANG S D. The combined method to synthesize
silica nanoparticle by Stéber process[J]. Journal of Sol-Gel Science
and Technology, 2020, 96: 108-120.

[13] CHENGY Y (BWFWN, WANG C Y (E35%), YANG JH (%1E55),
et al. Bragg reflection and photoluminescence spectroscopy of
carbon-dots/opa photonic crystal compositesJ]. Chemical Research
(f2£MH5T), 2021, 32(6): 471-478.

[14] WANG X M (E£FHH]), SHEN J (H17%), XU M (1&%), et al. Effect
of angular error on weighting coefficient in multiangle dynamic light
scattering[J]. Infrared and Laser Engineering (ZL4h5 306 TH2),
2018, 47(10): 327-333.

[15] XU D S (#&f87h), GAN L Q (H=:#h), DU X R (R:JEH).
Describing dispersion of light through a glass prism as it is based on
mapping relationship between visible wavelength and color[J].
Journal of Jinggangshan University-Natural Science (X 111 k2524
- H RFBHENR), 2013, 34(1): 27-30.

(F4% 2420 R )



