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WIS AL DU AE B E RS A H 4 T POMMA/-BA/DAC)SS5HI A48 B, RIS — W Rk ke
( PDMS 4L 3 P(IMMA/t-BA/DAC)S5#) . 414) , X POMMA/t-BA/DAC) A Wik K 45 # @.218)347 1 FTIR .
SEM. Rif2ai . RIS . BA/KE A AP ERRI, H8 T K t-BA HEXT LR REFRARISZM
EREH], TE{R4F n(MMA) : n(DAC)=4 : 1. MMA 8.000 g WY&, @it JE% ik +-BA B, #4715
PR RS- #4442 (258~455 nm) 1) P(MMA/t-BA/DAC)RGWIRUR, JEItg s 5 MARIZiH (iEf ., %
o, WA, GEMIE) 1) PIMMAA-BA/DAC)SS T (414 . P(MMA/t-BA/DAC)Z5HE A% K IG AT (E.
coli ) MW OAAIKE (S aureus) AR RL>99%, FIIMLFIPEIERE, 2 PDMS 4bBS (451 (4,
219, HoKREflf>1500, RIHBEHEUKYERE, AT WA (405, FT4R . 20K, SRyt k) B [
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Preparation and properties of structural color fabricswith
antibacterial and super hydrophobic functions

TAO Weihan, FANG Yinchun"
( School of Textile and Garment, Anhui Polytechnic University, Wuhu 241000, Anhui, China )

Abstract: P(MMA/t-BA/DAC) polymer microspheres were synthesized from soap-free emulsion
polymerization of methyl methacrylate (MMA), tert-butyl acrylate (t-BA) and acryloxyethyl
trimethylammonium chloride (DAC), and then deposited on black polyester via atomization to obatain
P(MMA/t-BA/DAC) structural color fabrics, which was further treated with polydimethylsiloxane (PDMS).
The P(MMA/t-BA/DAC) polymer microspheres and structural color fabrics were analyzed by FTIR, SEM,
particle size distribution measurement, reflection spectrum analysis, static water contact angle tester and
antibacterial tests to evaluate the influence of t-BA monomer dosage. The results showed that under the
condition of maintaining N(MMA) : n(DAC)=4 : 1, MMA 8.000 g, five kinds of P(MMA/t-BA/DAC)
polymer microspheres with different average particle sizes (258~455 nm) were obtained by adjusting the
dosage of t-BA, while P(MMA/t-BA/DAC) structural color fabrics with five different structural colors (blue,
purple, blue purple, green, and red) were successfully constructed. The antibacterial rates against both
Escherichia coli (E. coli) and Saphylococcus aureus (S. aureus) of P(IMMA/t-BA/DAC) structural color
fabrics reached over 99%, showing excellent antibacterial properties. The water contact angle of structural
color fabrics after treatment with PDMS were over 150°, showing superhydrophobic properties and capable
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fangyinchun86@163.com,



* 1740 «

A% 4m 4 T FINE CHEMICALS

42

of common liquids self-cleaning such as milk, cola, tea, juice, and coftee.

Key words:. structural color; polymer microspheres; antibacterial properties; superhydrophobicity; polyester

fabrics; functional materials
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1.2.1  Zy Rk H &

F218 n(MMA) : n(t-BA) : n(DAC)=4 : 2 : 1, %
MMAC( 8.000 g ). t-BA( 5.120 g )l DAC( 3.870 g)
INAEIE 45 mL KBKMBIEH, FMA 0.025 g
R S ANAE Gz oh ), 1 BE I Th B A N, FRAL
15min, RIPIRNIER ., KRiF, EARBRIMHKE
85 °C, fHIRREE SHEFE 30 min, #5147 (0.036 g
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B R BAW, TIRRER N . REF 85 ClHIR
WP RN 4 ho e, KRV L 40 min
(11000 r/min) fH2IUIIEY) . Bt KPE . B0 Aab 3
2~3 A3 FL A A 72 POMMA/t-BA/DAC) R &
YItgER,, idh PMBD-A.

KA FARTT AR, LR t-BA &, fRRE
N(MMA) : n(t-BA) : n(DAC)=4 : 6:1.4:7:1.4:
8:1.4:10: 1. Kl P(IMMA/t-BA/DAC)R &
Ytk s Mic iy PMBD-B., PMBD-C. PMBD-D,
PMBD-E,
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Jii , AE 60 °C HL #8184 b 18 10 min, 5
F| P(MMA/t-BA/DAC) %5t @ 241 %), 43 %lic M
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Fig. 1 FTIR spectra of DAC, MMA, t-BA and PMBD-A
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A, R 2 ATRLE 1, 5 POMMA/t-BA/DAC)
REWHERR AR EA, PDI<0.05 (£ 1), £
BB B B B A O . 40 E , PMBD-A
PMBD-B. PMBD-C. PMBD-D. PMBD-E f{J3F ki
A9k 347, 312, 258, 400, 455nm, EKHRAE
SRR, EaE IR t-BA AR LAY P(MMA/
t-BA/DAC) R &Rk 42 .

# 1 P(MMA/t-BA/DAC)R G Wik F- k142 K H PDI
Table 1 Average particle size and PDI of P(MMA/t-BA/
DAC) microspheres

P(MMA/t-BA/DAC) % & Wy ik

eIt
PMBD-A PMBD-B PMBD-C PMBD-D PMBD-E
S RIAE /mm 347 312 258 400 455
PDI 0.012  0.006  0.025 0.003  0.008
25
20 |
R15¢
X
410
5 -
0
1 1
10 100 1000 10000

B /nm
E 2 P(MMA/t-BA/DAC)R A W HERRLAE A1 il 2k

Fig. 2 Particle size distribution curves of microspheres
with different particle sizes P (MMA/t-BA/DAC)

% 3 & PMBD-At [ SEM &,

K3 PMBD-At 7EARRIHORAEECT ) SEM 5]
Fig. 3 SEM images of PMBD-At at different magnifications

ME 3 T LA S, PMBD-At MR RIERR
TERAEE | KNS, HAracH: RAF, TRERER,
ERF B Z AR5 REWOEKM &R L)
T, GRS YR AL RERAET . K

FETCFE BS54
22 HHEAYHEBEIMIEMEEE ST

& 4 2 5 7 POMMA/t-BA/DAC) 45 ¥4 (5,21 ) 1 %5
iR A

%l 4 PMBD-At(a) . PMBD-Bt (b) . PMBD-Ct (¢ ) .
PMBD-Dt (d) . PMBD-Et (e) % RE H

Fig. 4 Digital photographs of PMBD-At (a), PMBD-Bt (b),
PMBD-Ct (c), PMBD-Dt (d), PMBD-Et (e)

ME 4 AILIATE i, PMBD-At, PMBD- Bt
PMBD-Ct. PMBD-Dt. PMBD-Et 43 Il S $L 5 7, . 4%
o WS SREML (M 5 Fhesta . KA FERE
21 P(MMA/t-BA/DAC) R & W Bk T IELLY) |
B SN ) 23 2 P 5 4 £

& 5 AN [ BEWLEE PMBD-At (%65 18
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Fl 5 N[EfHEEWELH) PMBD-At B 5HS I8 A

Fig. 5 Digital photographs of PMBD-At observed from
different angles
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& 6 M 5 Ff POMMA/t-BA/DAC) 45 ¥4 (0, 214 1) 2
S, R 2 HHBAREE.

—= PMBD-At
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-+ PMBD-Ct |
~v PMBD-Dt ]
-+ PMBD-Et |
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K 6 P(MMA/t-BA/DAC)E5H B ZUW) I I 31615
Fig. 6 Reflection spectra of P(IMMA/t-BA/DAC) structural
color fabrics

# 2 P(MMA/t-BA/DAC)Z5H4 (A 410 i 1 (4 R HAIE (H
Table 2 Color characteristic values of P(IMMA/t-BA/DAC)
structural color fabrics

MIE 6 T LI, AR POMMA/t-BA/DAC)4E #y
A TR A OO R0 . I g g
(PMBD-At) T HIE(ETE 450 nm ik, HE KK
FRA 13%; E 258 214 ( PMBD-Bt )7£ 390 nm
AFEAE R 3R, g 25.39%; W 45 (a4 i (.41
( PMBD-Ct ) £ 430 nm Ab{F7E T FIEM, A
23.25%; SHaLEHE4% (PMBD-Dt) 7 530 nm &b
TEAE ST, N 18.99%; £T (0254 (PMBD-
Et) 7E 640 nm AbFEAE ST HRIE(E, M 15.20%.

M 2 A LIFE i, PMBD-At ) L*{H & &
(37.56), HHERTHRIEMH (13% ) HARE5 R —
B HABEES LHEAMT (42.97~45.01), 5K 6 45
Pt S S 2R 25 R — 3. HASEiE ) a* . b*AYIE
B T B 1) 2 €0 5 5 B i i 4 B R R S %R
W — 2, FRBHIE T R A G R I BRLR (t-BA)
I, TR RR R AR B fER , BE7E R4 8
B AN R L

¢ 3 ML PMBD-Ath FYREHERE FI% MRS .

MFE 3 ATLIE L, PMBD-Ath Fff K b2

bt B A
e L*(l a*(li b (i KRS ARTE T 202 mm , (HH A REmE A AR,
PMBD-At 37.56 258 ~6.69 HIBSHA TR, M 40.5 mm/s TREZ] 28.0 mm/s.
PMBD-Bt 45.01 1.73 ~10.02 IR, — 5T, FE 22 RS E R R A YR
PMBD-Ct 44.19 -1.63 ~9.40 2 2 HE R £F 4k O FLIR RT3 AL , 35 2E T B R AL
PMBD-Dt 43.30 290 271 i ; H—J7 1, PDMS MBS T HARM EmEE, 76
PMBD-Et 42.97 3.57 -8.37 HARWHIE K IR 2 S BULE PERE R FEAIC
23 UYL PERT AR B RS A
Table 3  AStiffness and breathability of fabrics before and after treatment
B (R B (4
b AR (11['1) TEHERE (Zh1m)) _ /()
i K /mm P K ¥ /mm i 4 B /mm YUK ¥ /mm
T 45.5:1.6 22.1+0.8 51.1%1.7 24.9+0.5 40.5+1.7
PMBD-Ath 48.7+1.2 23.7+0.5 53.4+1.5 26.0+0.6 28.0+0.2

23 SHEAYKREMERES T

K 7 5 PO(MMA/t-BA/DAC)S5 ¥ (G 4V 1) 1 h i)
PRCH, 4 MR R A

M 7 A LLE Y, 2 POMMA/t-BA/DAC) 254 44,

w4

PMBD-Bt

ZUYIRE PR BT R S AR B LT JC AR, S5 R
HECZH 9 TR 5 800 BB B I 25, R BT P(MMA/
t-BA/DAC)Z5 M Y HA B S BT e g, nT LA
A T R T TR A A P R A BR TR AR K

PMBD-Ct PMBD-Dt

e

'MBD-Et

E 7 P(MMA/M-BA/DAC)SSHI MUY 1 h M E &R
Fig. 7 Antibacterial effect of P (MMA/t-BA/DAC) structural color fabric for 1 h
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# 4 P(MMA/t-BA/DAC)ZEFI (41911 1 h i)l %
Table 4 Antibacterial rate of P(MMA/t-BA/DAC) structural
color fabrics for 1 h

IR /%

YT
PMBD-At PMBD-Bt PMBD-Ct PMBD-Dt PMBD-Et
E. coli 99.9 99.9 99.9 99.4 99.9
S. aureus 99.3 99.6 99.8 99.9 99.6

MZ 4T LIFE T, P(IMMA/t-BA/DAC)%E 1 (1,41
PIXT R FF T DA S 4 B (R A BRI 1 b TR R
>99%., X 4K K, il P(MMA/t-BA/DAC)R & Wi
BRAYBLR DAC 270 1E HL I 28, T LATE o # i AR
JHIWRZ B0 7 £ F P 200 R 3R TR, DA T R A4 Y 1) 5
B, TR AN RS SE A, | R A R A L A R
A A E TP,

24 SEHEAYKNEKEREFESEES

Kl 8 A& s /KA IEE ) P(MMA/t-BA/DAC)%,

Fa L2 K 2 i A S 2 SR

15110 ° I154.1° ¢ I153.1°

152.4°

K-}

d

I 151.8°

& 8 PMBD-Ath(a).PMBD-Bth(b).PMBD-Cth(c) .
PMBD-Dth (d) . PMBD-Eth (e) f7K 3/

Fig. 8 Water contact angle of PMBD-Ath (a), PMBD-Bth
(b), PMBD-Cth (c), PMBD-Deth (d), PMBD-Eth (e)

MK 8 ATLIAE H, PMBD-Ath~PMBD-Eth (17K
5 fil /1 ¥9>150°, PMBD-Bth 19 7K 3 filk /1 fe K
154.1°, W] P(MMA/t-BA/DAC)%5 4 (4,21 1) 2 15 7K
PR BA e K ERE . X2, Wi fE
P(MMA/t-BA/DAC)Z5 4 (A 211 R AW R PDMS, £
R AR, K RUEE B 3R A SRR ORI 1)
L AR BRI OK . AR KORELRE BE LL K PDMS i T~ 41
R mRE

& 9 AR WA 7% /E PMBD-Dth £ A

K9 RREALE PMBD-Dth |- 5 A 45 5
Fig. 9 Anti fouling test results of different liquids on
PMBD-Dth

MIEL 9 AT, B AR nl fE SV w1
BB BRIR R, #2BH PMBD-Dth HLAG P 5 ) i 7K &%
A, ATRAISEE A T ROR o

3 i

AL MMA., t-BA Fl DAC JJsikl, i o
FLURR A WINE T P(MMA/t-BA/DAC) R WIHER

(1) Wit R iR t-BA 19 &1 LA A A
KA P(MMA/t-BA/DAC) SR & Wik .

(2) ZARFRARR P(MMA/t-BA/DAC)REY)
WEREALAL Y 5 Fh P(MMA/t-BA/DAC)%5 # (0,41
Pl RIS A . e, e, gEfsae s
AN 5 €8 1) 25 4 £

(3) P(MMA/t-BA/DAC) % ¥4 (2 219 %F KM #T
TR LA R 4 00,7 25 K AT 1 10 T %6 38>99%

(4) £ P(MMA/t-BA/DAC)%ZE5 ¥ (0,41 1) 35 1 18
iR PDMS, A LUK I BB B KR,
KB Ml ¥>150°, RIS EKERE . (A4
HS SV R REHERE (A A BRI BUS R ) P4
F+25 2 mm, BHSMEM 40.5 mm/s FFEEF] 28.0 mm/s,
HEHMEFBESVEREA T TR

ARICAEYT S FIE s as # i [, ml DT
HHw . BE KR AW EDIGE, it — D R a5
252 14 By AR
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