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PREPARATION AND PROPERTIES OF FUNCTIONAL
CUPROUS OXIDE STRUCTURAL COLOR FABRICS
ABSTRACT

In the traditional dyeing and printing process, textile coloring mainly
relies on dyes and pigments, which have the problems of high pollution
and high energy consumption, and it does not meet the current concept of
"green sustainable development"”. Structure color has the advantages of
ecological friendliness, bright color, not easy to fade, etc. It is expected to
solve the problem of high pollution and high energy consumption in the
traditional textile industry, which become a new way of textile coloring.
At present, some low-refractive index microspheres are used as the
construction units to construct long-range ordered photonic crystals or
multi-layer amorphous structures on the textile surface to produce
structural colors. The former can obtain vivid colors with obvious angle
dependence (iridescence effect), while the latter produces a single color
but a dull color. There are also problems such as poor fastness and
affecting the feel of textiles, which limit its application in the textile field.
Therefore, in this paper, Cuprous oxide (Cu,0) single crystal sphere with
antibacterial properties was used as the construction unit, based on Mie
scattering principle, to prepare functional structural colors for large scale
production on textiles. The specific research contents are as follows:

(1) Preparation and application of Cu,O single crystal spheres on
textiles: Using copper acetate as copper source, Cu,O single crystal
spheres with different particle sizes were synthesized by controlling the
molar ratio of copper acetate to sodium citrate, and structural colors were
constructed on polyester and polyester/cotton fabrics by spraying method.
The results of fourier transform infrared (FTIR) spectrum, X-ray

v



TR R R A 2 1 S

diffraction (XRD) and transmission electron microscopy (TEM) tests
showed that Cu,O single crystal spheres had been synthesized
successfully. Different particle sizes of Cu,O single crystal spheres
formed purple, blue, green, yellow-green, yellow and orange structural
colors on polyester and polyester cotton fabrics, and with the increase of
particle sizes of Cu,O single crystal spheres, the structural color showed
red shift. Due to polyacrylate (PA) adhesive, the structural color fabric
had obtained excellent properties of washable resistance, abrasion
resistance and bending resistance. Cu,O structural color fabric had
excellent antibacterial properties, and the antibacterial rate of 60 min
against E. coli and S. aureus were close to 100%, and the antibacterial
rate increased with the decrease of Cu,O single crystal sphere size.
Structural color fabric could be large scale prepared by simple spraying,
and the complex and fine structural color patterns could also be prepared.

(2) Effect of different fabric types on the color rendering
performance of Cu,O single crystal spheres: Based on the synthesized
Cu,0O single crystal spheres with different particle sizes, using PA as
binder, the structural colors were constructed on the surfaces of polyester,
linen, silk, polyester/cotton and polyester/linen fabrics. The results
showed that Cu,O single crystal spheres with the same particle size were
distributed differently on the surface of different fabrics, which resulted
in the difference in the color brightness of the structural colors. However,
the colors of the structural color on different types of fabrics showed a
redshift phenomenon with the increase of the size of Cu,O single crystal
spheres. Different fabric types had no effect on the stability of Cu,O
structural color, and the antibacterial rates of Cu,O structural color on
different fabric types were close to 100% after treatment with 60 min,

which would not be affected by fabric types.
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(3) Preparation of Cu,O composite microspheres and their
application on white fabrics: Based on the synthesis of several Cu,O
single crystal spheres with different particle sizes, Cu,O@PDA and
Cu,0@Mn(OH), composite microspheres were prepared by the synthesis
with dopamine hydrochloride and manganese chloride. The structural
colors were constructed on white polyester fabric by spraying method,
and their optical properties, stability and antibacterial properties were
studied. The photocatalytic degradation of formaldehyde by Cu,O single
crystal and composite microspheres was investigated. The results showed
that Cu,O@PDA and Cu,O@Mn(OH), composite microspheres were
prepared successfully. Cu,O@PDA could form green, yellow-green and
other color structure color on white polyester fabric. And
Cu,0@Mn(OH), composite microspheres could form brown structural
color on white fabric. The two kinds of microspheres had excellent
stability and excellent antibacterial properties. All Cu,O single crystal
spheres structural color fabrics had excellent photocatalytic capacity for
formaldehyde. With the increase of Cu,O size, the photocatalytic effect
decreased. The efficiency of photocatalytic degradation of formaldehyde
by Cu,O@PDA composite microsphere structural color fabric was
slightly lower than that of Cu,O structural color fabric, and the efficiency
of photocatalytic degradation of formaldehyde by Cu,O@Mn(OH),
composite microsphere structure color fabric was significantly higher
than that of Cu,0 structural color fabric.

Chen Lvxin(Textile Science and Engineering)

Supervised by Fang Yinchun

KEY WORDS: Mie Scattering, structural color, Cu,O single-crystal

spheres, Cu,O composite microspheres, antibacterial, photocatalysis
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Kl 1-13 (@) ANFI WS 2 85K (g8l (b) = UiREiEm| & a5 M gy ;. (o
SiO2 Mt 1 di A 4 Ay (17
Fig.1-13 (a) Observation of silk structure color fabrics from different angles; (b) Structural color

fabric prepared by gravity sedimentation method; (c) SiO2 photonic crystal structure color
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FHEFRECER SRR O (PSO koSG, T8I 8 UIRETE 24 4
IR B B A MR AN M iR 2, Wl 1-13 (@) Fon, 05
C2F (AREERTTV 1T e S (ENPS AR -8 STow 1B ol 1 4 s (2 A PR P D e i R el /i
R, ANREW AR SEPRAE P T, X E G 0Ok B AR W A M,
BRI IR (P(SEMAA)) GRR BN T, R E TR A
# T BAROUT AR MRS RS e, i 113 (o) Bon, HHEA—
SE MR Y. Gao ZIMUR HHZ VA ERR R I, (E AR SiO2 Rk i Ih 13 115
HUR R AR f AR (CCH M, S5ty T i@ Sioz M BEAR K™Y .
1.3.6 Z£ENTLE

(a) » <

. o W W W
AN ACACAACACA i‘lj
DUT DUT DUTML

K 1-14 (a) ZZMENERLRSSH TR (b) 22 ENE L (gt JE] =0

Fig.1-14 (a) screen printing cost iridescent structural color pattern; (b) screen printing multi-color

structure color pattern
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22 [ ENAE R RAL T G5 S LA I i R BN AE, AESEM R T 7 55— B A R R W
IR, K 2854 (0 FL IR ZE UHE |, 8 BRI &0 77, # FLaBia i AL 3
B BTk B B R R AU, Zoriksl g e, PuE, sk
AP PR -

Zhou 5P RIK Z IR HER S 9K R 2 (CB) TBA, MAKMER AR A
MRl (PA) HIER N, SR H MALE G2 21 1 s h i 8 HAT B Ak R
Zifyts, Wk 1-14 () R, CB WISIANEZFRS &M OB, PA
A LASE g M e B R IR e T, SR B I SR AR ERIE T . Meng S U4TR| 5%
E W) SR E RS, A R A TR R, KA TR RS (R A K AR A i 2
ANTE] X A o, oK ORAE S R R AR AT SR 2 R (1 2 Ak 46
MEeE%, wE1-14 (b B,

1.4 B 5L R R

Gy g\ G Y b FL )G, T B T TRk 5 B A e A PR . PR
R PUERAN. MUK R KEhREIS ™), sif i h— Ry gl GEis s,
I R A TR AR L, SRR R A e B E L A T A
(RIRE P DA SR R HE 21 R 45 46 RO AT 3R A3 — 8 I D Re R0, [l 45 Mtagi gl 7E
B ARk, B B B DL K 94U T A — 5 BN o
1.4.1 BrfAT R

e dm AR B ARG B A AR, TEAS IR A A R RIS R ) R
WYX —RerE, FTRBCAHI S B ORI — T BR . Lee 2B T —Fh A%
G BN B NI e iR g5k, sl 1-15 (@) R, #izgii e
ZAGSE, B AEH 10° 1) 50° AR{LET, BiEHIER, fERHT4Um LK
R ESE, HAT R RTR. Ding ZEBJF & T MRS RS, @
AL 15 B R AP R N VA AR 7S B PR B -4, anf&l 1-15 (b)) B, X bR
P& F T 8T SR A F R AR O B &% A AR B8t . Nam 2SR w847
ENREARS 4% T —Fh B 4188 7 5k (SAPC) &5y, W& 1-15 (o) Fs, faj#
(RIR F BE LR NG XT BRI AEAS 25 I 1 B S A8 i) W S . Guo S5 B4IH)2% 17 H
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B E ARG F 8K, WK 1-15 (d) Frs, @it 3D FTERHE AR Al 3RS A 4
e Efe e AR B M R, TERRER Dhbn 25 b B R 41 B R AN B

W)y @y &y -
llll i
WisviR D

() T ()
|, [maa gll__ll

Vodka
— —
Dry

[ .
"L

el 1-15 £t 7 7 Ol 0l 0 7 T 04

Fig.1-15 Application of structural color in the field of anti-counterfeiting
1.4.2 B HENT Ry

T R AR B T T 28 IAETE, [R5 m] LA BE 41 S0 55 1) AR A0 T
HEARAK, DRI T A T DA S — P R A SRR R4 L T Ak 2 A 1B
Gao B2 P BME R, W& T —Fr B kEAAHE (10C) IR
B, W 1-16 () iR, @l SIRERHASRED (LF) RN KR
IR R, PATEIGHISRIS AT LF &, DAS B IR A S i H . L
SEIOVR F e A 1 e BRI 4% T R B AT 4E (CPCFs) , &l 1-16
(b) FiR, ¥ CPCF S PIMEIEN: (PAM) 145 &15 21 (45 K Crh i 4R A
NEUR, S EREEMERE I IR, R R E S aEi a2
WA B JFR B . Gong S5OVl VA 71 28 A UK BN B A6 7, TER R b
[JETCEOEVER, WA 1-16 (o) fron, ETHRRETHEREREG, —B#a
BEBKRIE G 2 MU s %, R TR SRR OSURE R IR R E, [
I ZAE S AT O S AR R Ik o B Ik SRR BUR AR R I, 7RS4
TN AR SR PR R FH T 5
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V&1 1-16 4% 140 €0 288 i o7 ot o i ee-90)
Fig.1-16 Application of structure color in intelligent response

1.43 £H28mMT

1-17 Yo7 AR S5 A ) Tl 2R o]

Fig.1-17 Industrial production of color fabric with photonic crystal structure

LR EANAL T g TRA st R (RBEFAEAUK AR BT AL, A
e 8 B T —Ffn 7 V93 R 5 ) 8 7E 47 S0 T A A o PR L P A
AR, BEEWIN BT A O TR, SRR BOR Qe AR
IR, D2 RE SN A SE 56 = B/ NRE ) A 1 R Ak ORI PRI IS
FIz A A T ARMERHEE RA PR T — R o . KIA. 1284
il 6 5 AL O A A A 50 %, 308 3 42 1 0 S I P 4 70 S 2 i R A A B g
AP R A R B v AR FERE DU i 93 A BT R BRI T — Mo K %
(7] g e e 4 ) AN [ DX SR KM 1 S PSR P AR AR S, SR AURL AL, 1% %38
REXSBUIE LT . AT YEMBRET HE S5 A Dy WAL G e e L GAMEATE . W
TEHE TR A AR i DRI 5 T 2 S 95 A RHECA IR 2 =] AT SR B T 44 R
FHUA R A, Bitot B e a kg il A2, Wi 1-17 pr
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N, ARHEEIRAF B R AR R A g 4RI, 2021 AR E SR
2EISIHGE | PhRRAGAE P 2T 4 340K A b v B, ) P T AR AR e A
WURLAAE R AT AR AOK L, 1l X B UTRER & KRG 7 HE
1.5 IR Mie BSHE B ARER

PR A R AR DR L AE o) WO R BB 310 Mie HUN, 1R85 1 4H5FE
A ZWEARTE, P RN S5 R C T 7T I A RO A B R B ER A A A G
Wy MRS (n<1.6) . 2% (1.6<n<3) . &% (n=3) =/, 4K
1-18 () fm. ARIEHFFMERN, B FEN ORI AR R e U RE 7 5
H SRR S 26 2 AR AE — 58 IR D910, i fE] 1-18 () FvR, M4k B
BRI EAR 5 NS 1 KA 22 i LUR A5 Mie HIUR, IO 58 B B 37 56 256 (1 3%
PN} N

high refractive o5
() 5] 35 | (b)
3‘ 3 4.5
3.09 moderte refractive 27 4
25 -
237 - < 35.

Refractiye Index
[
Scattering efficiency

g
P

low refractive:
1.46 1.49 Tp?

-
[4)]
1

0.5 1 156 2 25 8

SiOzPMMAPS ZnS CdSCuz:0 Se Si 2R/ (Mn)

K 1-18 (&) H AT s gK Gk AT 08 (b) PR RGOk IEUR BE 0 5 3 8 & ]G
i Aok R 100
Fig.1-18 (a) Refractive index of common nodal nanospheres; (b) The relationship between the
scattering ability of nano-dielectric microspheres and their own size refractive index
2012 4F, Kuznetsov S5MOTiH 1 137 i A BE WL 42 1 SN ORATRE,  dnfA] 1-
19 (a) P, WIEE Mie RS, BT SOREGORBR K EAR, 4
(I TT A R AN T OGS . Lee S5DONE I & Bl (c-Sed ik, 7E/K
B R R0 AL T (FCC) @A, i 1-19 (b)) Frow, LM T HA MK
IR A R . Fujii S5OV I EARAE 100~200 nm (#) 5 SGOK RN, 7T A
HH Mie B 7 AL m MR BE R B, Wi 1-19 (o) P, JFRH T KR ST
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il I 5 A 88K, TR L2 SRR AT B (. {2 Siv Se SFIX IS fifil
BRA s TR, ARG, ARORBR I 1AL 45 5 T 1B o

Ideal Colloidal Mie Resonators
(b) with Scalability, Uniformity, and Robusiness

P ol B
All-Dielectric “ " Meta-Optics
—

Metafluids Mo:amr.»‘%las

K 1-19 (a) 7EREI LB T EREEGRIMERN0,  (b) S AR AR (00T (¢) fEgh
KR 45 ) (0 S 1104
Fig.1-19 (a) The silicon nanospheres were observed under dark field microscope, (b) the colloidal

structure color of crystal selenium; (c) silicon nanoparticle structure color ink

@ ... ,, o p ~ (b)

\ - F‘Oﬂ\ f Back |~ |

-Q- ‘a— 3

Structural color based on Mie scattering

Mmm fowi;m / TR
/
L}/ Front Back
Bio- msplred Fv
~ EVR ‘ E %
Traditional structural color based on APC structure . E \«N

K 1-20 (a) ZnO iR ZET A LRIR I, (b) Cu0 H A ERTEBIH 1 i 454 t 110%)
Fig.1-20 (a) Application of ZnO structural color coating on automobiles; (b) Structural color of
Cu0 single crystal spheres on glass

BT Siv Se ZEm SR IMERZ 4b, ZnO. Cux0 25 A S54SR K Bkt mf
PURAE Mie SR PR g5, [R) I I LU oad o ] 5 Ak 57 7V T BA B
Ren SR th & i T AFRST ZnO KR, Wil 1-20 (@) Fiow, #BH
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PERAEIRZE BB T L3R4S 1 B sl 45k (0, JF HARAS R B B A 0 5= 19T
MR, IR IRIE T DASRAFRC FRIE I S A IR 56 . B AEDOSER I AT
R JRIL A T B SF ) Cu20 B didsk, 4nf 1-20 (b) P, WEiR B8 T L,
AT T A F ARG R, I P Cu0 R IR 7T Lek A8 45 4 ¢
B .

1.6 AXHHARENEAR
1.6.1 fiR=ENX

GGG Trp, S fEbiE REV5 K04, THFERE MR, [H]
I AEEAE " L 2R, AR, MOGEAPEARSE m . AR S i 23 En G
THAR, diMEaABRNEGNEIAL, BAERREEANTT MRS,
FEAPAE SO, [RAEFE. HI& TR, SO A Ras, HE
I 546 B R RE SR Ak, L PEAS R 3 F SR BIE LA AR 7= B 2R
Gh L R ER B G 10 I A D ThRE R . BRI, ASCHRH— R T Cu0 B
mERES I O @ T, W Sl NERNEIREE (PA) , K Cu0 B ERAESTH
mn BRGSO, PR B AR, JFRFT Cu0 HEIRERR. G .
R EARIR B G 4050 LR FHPERE, DL Cu0 A RERANH, I
TR AU R RS TR T RS, FIUT T S B 42 e 5, 5 45 5 B S A 2%
1.6.2 AEAR

RWSCRSEI R Bbx, BRI, BAEANAEWNT:

(1 BT Cu0 HFIRAM B RAES L RN : SRR
ARSI Cu0, MHEBR=MNIES S A, RMmrE i (PVP) Mt
iR, A H Cu0 FLghER, BTN PA KA, SRABHRIEESW EAKIK
WEIRRG A 71 PA R Cuz0 S S BR MO, HET 5 BRI R I B 52 T 14 45 45 1) .44
Yo, @RS RR A S AR R = AN H B & AN R RLAR B CupO BB ER, 4R
FAFRARH) Cuz0 BB G5 B AW AR, H4& A FRBER Cu0
HLRERG M L), R HME BRI T I AL .

(2) WAL Cu0 B Bk R v BE RSB 72 . 76 DA AORIF 72 32
fifi B, FEAFEIRIARN Cu0 B BRI B & A 4EGW) . RIRGFHEL ). S
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APV NSRG4 LW b, T A FERBZINT Cu0 B df 3R 45 1 4 12
RIS, I AN R SR AU S8 F L B PR REREAT A T

(3) BT Cu0 B ELMMH& KEAELY ERRA: ELL LR
WEFT LAt F, #F Cu0 HERYS PDA 1 Mn(OH) #1724, 53] Cu,0@PDA
F Cu20@Mn(OH)2 EETER, WFFLR BRI E S RORAE I B 3 (5L 2
bR, WA RS A L R F) S A RN 451 B e R 1 R
FErF HO AL . BB M R M REHEAT I 5T
1.6.3 IFT =

BT BIR N ARIRETT, AU SCEA DU O R

(1) AfRRRFH 0 BRRHE B, )2 H ) Cu0 B R ERES  ta ke e M,
[FINTPRFL Cu20 PR ERTEA [F A Fouf i e R RR IS MU, A L AR
ARt — TR

(2) MRS CuO HofmBREE M (I IE A 1R SO A e Re S5 PR, RIS
PDA 1 Mn(OH)2 5 Cu20 HERERBEAT H G Hl % E A MER,  FFxr a0 (0 52 ([ 1tk
REHEATIRTT, (RIS 2 G 45 M LGt AT Bt B Ve SO TERE BEAT 7S, A
T Cu20 45 EL 2R HT I ThRe AL R o
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F2E ET Cu0 REIRGHEAYNHIERNR

2158|8

TEAL G T GLEN Y Tl b, GoRbRIEUR 1) ] 25 0 S FH I R rp 23 72 A KRR K
X 7 E O FR S G R R T EL YR AR (2, KM SRR . 45
AR N —Fh g 2 AE IR, IR T RO S R G0 . AT S AT,
HAERR, BRI, WHER. AAREER . Mie HURZEMEAR T+
VE AT S IR S5 40 G T B, BURDRL 1) BLAR IR 5K T NI B I, Mie
HICHT 72 A2 B 425 W £ T A4S B 2 ) R RS 465 ) €6 7E 45 AT B A R B A 2 P i
Fto RAREMR P S & B B M E R FER, & B BHK. K.
PUB . PUERAMRAEREIRINAE,  DASRISOm N R etk . DRIk, DhRe MRS i ik
Kbk sz B NATHIE AL

AR S5 F s T AL, BIF TS N B R FH B HLEE WU RHE 27 25 b g 2 v
W E G, T gt FRRENE, X TRAgmaRs
WTRERA AR, JE e T RS BB R . Mok, St eadtkl S 2
Z MM EAE S, (URSETSHEAE A, SECEERE, HETEut
FEGTLAGUR K RE . BRIl HREIFR OB g A ROBE AR B A
gikytabtkl. BT Cu0 HLEERIHE Mie fih, TTLAP= A S AR 4kt
[F]I CuzO KRR B 1 5 BT PE RS, C A T HI & BT g1 28

A 5 R SR AR % Cu20, Frigle =4S SR, 3R 2 )@
Bel R, fl i Cu0 MgER, B S NRNEEREE (PA) &7,
KABHRIEE ST S FA R, X Cu O B df BR &5 14 €4 1) B 6 14 e S L B
PEREREATHI 7T
2.2 KBSy
2.2.1 IR

Rl WL (110 gim?, RITHEHERGUEG R AT

B (110 gim?, bR GTA IR A FD

hul
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A E AR T B4 kT W3R 2-1 o
% 2-1 S T EA Al

Table 2-1 Main chemical reagents in the experiment

SR8 2 AR B HEPETTR
Tt 41 AR IR PR A
FrE R = AR TE Ak 2l
5 I s fot i Mw:58000 By T A B 2 7
P GC By T KA B A 7]
A AR IR PR A
PUIR 1M R AR BTz TR A B A ]
TR B AR BTz TR A B A
e AR BTz TR A B A ]
2K AR BT TR PR A ]
RN MEIE TG F50 & FH REENT ARG SR S PR 7]
TR SR 2P A4 bt R BRH A R A A
LB & 725 fig 250g R A TRH A R A A
[F A S PSR §i 99.9% HRHAEY TREERAF

2.2.2 SLUGN S
A FE TS ) 3 B A AR 2-2 TR
R 2-2 UG FEP A

Table 2-2 Experimental equipment

W& WA CVRI I
Tk 1A e 2% DF-101S N T T A IR A
R CNSHP AR
B0 H1850 I F AR A IR A 7
it DHG-9070A EiE—ERAA A IR A
M AG: HD-130 B 5] 15 1Y
g MS0992 B )i 1 1Y
K P BB Ve AR KQ-400KDB B2 1L i R A A A PR 7]
e K B IMJ-54A JEAHU A B (i) HIRAH
B TAES ZHJH-C1214B R O3 BT A S i A PR A
ZET KL S28L AR AT PR A 7]
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B3k 2-2
WA AR TR G
YKL E 43 BT A Zetasizer NanoS90 o[ R A IR A 7]
A LI B 2T A 63 73 AT A IRPrestige-21 F A
XS ERRTHHY D8 FOCUS fEEAE
Datacolor 735l 4% 1050 %Y S [E Datacolor /A 7]
7 5 LR Talos F200S G2 ! e
A B S-4800 H A H Az
2.3 EWHE
2.3.1 Cuz0 B @IKRayHl &

B 15 g 2B FK. 45 g 4 (EG) RAMEA, WKIKIIAN 1.0 g BEERHT—
KEY). 1.0 g ERRM /KA. 2.5 g BRIl (PVP) , oS
WIREETEIRE G . MEZEREIA 0.5 mol/L A A PNATR 40 mL EHE R E
WS, 30 min J5 PR UGEM AN 0.2 mol/L FIFTIRIER (AA) W 30 mL &
W R RN — B E, RO HLEE 8000 rimin (45 4F R RS0 10
min, {FHEETFRKMTLKLE AR 11D BARBREE 2~3 K, BE1E
50 °CHE T HAAHHET, BIA 32 Cu0 HimEk.

(R

Cu(CH,COO0),
Na®
0] O
0 OH o (D NaOH
HO
&o @) 020
N HO —
n

2-1 Cu 0 H. BRI & R

Fig.2-1 Synthesis of Cu.O single crystal spheres
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2.3.2 Cuz0 B RIKEEHI B LRI &

B 1] Jo & 53 $0Ch 20% 01 PA T, K 40 g F50 B 60 g £ &7k, 75
T HE PR /NI TR S ST 0 B0 . RIS RO BB 70 808 2% Cu0 B Bk 7 80K
HL 0.2 g Cu20 ¥y R IMAF 9.8 g /K L, 78537343 2] 2% Cu20 73 Bk -

(1) Cux0 B RBEREEM EIELAMHZ

KBV K R ORI E S TIEG b, EREROFRL IR TR
R PA WL, AREEBEMAE 100 °CHE 1 min, SREEEERHBHRE R
Cu0 HanBR I BOR, e # R AT 100 °CHE 3 min, BIfS3] Cu0 Z5th

BB, BARRRE LA 2-2,

p=icy

gk
2-2 Cux0 L5kt AWyl 25
Fig.2-2 Preparation of Cu,O structural color fabric
(2) Cux0 B @EREE & IR/ YIHI %
FEFRITRADH % Cu0 25 LI RES [ 2.3.2 (V)i & i A2
(3) Cu0 BARIRFAF/MRAY EEIRK
10 cmX10 cm WA E S TG b, EHRmE G —RAA
SRR S WG B PAVRTL AR H B MU T 100 °CHET 1 min, SRJEAER
REWHRIEE Cu0 IR HU, Fa i 26 100 °CHET 3 min, RIAT
BEAARIREHENAE M ORY) . 8 SR AT RS AR R R S L
HARGURE W 2-3.
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] 2-3 Cu,0 S5 H AP I = AL 1 %

Fig.2-3 Patterning preparation of CuO structural color fabric
2.3.3 MK S3RAE
(1) £5H9504h

Cuz0 BRI L E5 40 3 Hd it IR Prestige-21 % FLIH-2T AR e A AT
TAE . LIRS E R0 Cu0 H S BRA ARHEAT HIRE, RAFFLAMR L
e, % $5t FE 4000~500 cmL,

Cuz0 ¥ BRI SRR LM /Bt D8 FOCUS A - SR AT AT RAE . BAk
SR : Cuk o ¥ (A=0.154 nm) , P L H AT HLL 43 0l 4y 40 KV 140 mA,
TS Ve (200 4 10-80 9#E0K 0.029sec, FH3#IEE 5 Tmin.

(2) WMAEHR

K H S-4800 U3 FL 7 BANEEXT Cu0 S5 M4 20 ROV T S AT L 52
D HTRERE [ T 5 R, WA 5 & BT W54 B4 rhOnS B i R T AT 5
SHCEE, BESSAERE S A E TR G T T RO RS S

K H Talos F200S G2 %Y 543 1% 4 HoF W lBE (HR-TEM) %} Cu20 H i Bk
KA HEAT RAE . 4 Cu0 B EEBRAETO/K L b R B A AL 2, 4 4y HOK
T PE A IO o R FH B2 T J58 5 A D TS A At rh AT 2

B

=
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(3) KRS
KA Image J 456 SEM EE X Cu 0 IR AT IR . K Cuz0 B fmEk
f¥) SEM & 5N Image J # ik, i 254 Cup0 H BRI, X 2 A&
S5 RACFEIE
(4) RETEDH
KH Dataclor 1050 B4 ¢4 70 € 0% 4544 0 2L (¥ S SR AT MR . 30
J5h D65 IR, RFEFLAAN 6 mm, 100% UV, 3K JEH v 400~700 nm.
(5) g
IKPEEE: # 2 cmX 3 ecm Cu 0 g5 2P N 245 300 mL 25 3 /K e
e, fE 40 °CHEIR/KIE TR — €I 6], SRJEAE 60 °CEAR 15 MK Bk
I 1 S R AR A
WRPEAERE: K 2 cm X3 ecm Cu20 Sty 2\ & 18 e AK i H e — BRIt 1],
SRJETE 60 CCIRIHERE - 15 F Tk e A1 5 1) S S 2 A8 1K
PEYEARE: K CuO G RYAE TAEG b, R RELHNEAME
TRz b, RGN LN 50 g s, Hizh bBJERAH
ZW)5cm, HEEARRE, WEASFBEH IR RO 3R
PUSHTIE: ¥ Cu0 ZZWETTE, KHHMTEE, HEARKE,
W07 54 AN TR U 2 47 350 0 ) R S 2
e ¥ Cu0 Zity bW E T4 AN N [E], 0 g T30 A [R] B[]
(R 2
M : K Cu0 G5B T TAEG b, ¥ D65 Ml E T Cu0 £k fs
23 EJ7 10 om &b, 00 5E RESHEAS [R] ISR B8 S5 22
FEE: # 8cmX 18 cm K/MP Cu0 it T 1/E 6 L, fEHf—
Uiy 6 em ALREATHT A, I B A R v B
FAME: AR TN 10 mL 30% 2K, K Cu0 G54 2 & T He b Tl
#, o5k pH R4 s [A]
(6) MEMDH
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KRR R (SO ERE) g2 RPEE CRIBAFRD X
Cup0 S5t L AIEATHL B PERE IS, S22 [ AATCC100-2004 Frifk .

HU 8 g LB EFRIRIAT 200 mL £@E-FoKH, HL 8 g B A K BIRVAE T
200 mL ZE7/KH, HU 20 g BERREL 10 RRIRk4ETS 180 g B T /KIE AL AR
PBS i1, ¥ FIRWETRE — IR IEHEE B0 . BORAE . IRATARSE S0 28 LK
A 121 °CH s KA S 402 30 min NS R &H, KECELD W LB E
FRHUREIZ) 10 mL THEEFRI A A TP KA BRI, KRG E R E R
SLENREIZ) 10 mL T35 57 WA F 1501 4 2 8 B R TR (1 5 5%

¥ 1 BEF XL B R/NIRE Cu0 S5V E T83% b, EH RN
25 pL JFEE GREEAN 108~107) , I EAH R /NI R —RR DR o6 R 3k
F BN IR T Ab BB A], B ARFE AL 2 5 mL PBS ZZ i i iE 10 s,
WO R BB 104 100, 1000. 10000 1%, 2> SIHURREJG B 100 pL &
FREFRE b, RARATE PTG BT 37 cCIERM 1% 24 h, A AR 2-
1B .

A= % x 100%  (2-1)
0

TE: AT R, CoNWIGAEER, C O RMmEE.

*: e G ‘/@
\ iy B
i

A ol 4 %
[ 2-4 HUEE IR
Fig.2-4 Antibacterial test
2.4 BREWH
241 FZREHELR
2.4.1.1 Cu0 5 B A 3RALE
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(1) LI9MEIERAE

FALEA A R AL L) (PET) Wi Cu0 PIKERATE K FTIR ik an &
2-5 fizn. B 2-5() N LM AR RIAZ ) Cu0 #r oK i FTIR Y6i. H Il 2-5(a)nl LA
A, 5 Cu0 FE¥AFETE 631 cm™ ALMHFIENE, ZARFEWEIANEF Cu0 H
Cu-O MHAEHRANML I IE, KK INEAFE] Cu0. ME 2-5(0) T LR H, S
REFRVR B ZRAALE, £ 1715 cm™ AbFRHAE ISR BEAR 1R B R, X6 T+l C-O 42,
FEmEER PA R Cu20 JE L4 Wihe FHIL T 1251 ot AL [HTRRAE VG, 12204
J&T C-O-CHRpfiElE . Z5REH], PA BRI RIRL L) E. PET/PA/CU.O Hh
ZB7E 631 et b HHBURFIE I, R Cu0 CRINALFERIE 21 |

(a) oo (b) PET/PA/Cu,0

202nm
246nm
292nm

PET 1715 1100,

R (

631

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm’! Wavenumber/cm-!

2-5 ZLAMGIE: () Cu0 AKIRZLAMGHE: (b)) RALERIERLH Cu0 ZIWLLANG I
Fig.2-5 Infrared spectrum: () Infrared spectrum of Cu,O nanospheres;(b) Infrared spectra of
untreated polyester and Cu,O fabrics

(2) Cu0 WRE BABFRAE

FIFH XRD Xf il £ (1] Cu0 GoKERIN SRR LEMIEATRAE, 45 R 2-6 Fis.
W 2-6 fiios, il 1 Cu0 YIKERTE 20 = 29.6° . 36.5°  42.4° | 61.4° |
73.6° 1 77.4° KCHORFAEATHIENT N F(110). (111). (200). (220). (311)F1(222)
() EHTET, ShRUE Cu0 %idi(JCPDS05 - 0667)FHMI4r, (111)F1(200) 41 XRD
U it FEE A RS v T LAt S AR, XRD & o i A 4 S A ) e M AR AE . BRI,
XRD 1 45 TR W il 4 19K EBR A Cuz0 B 4Kk
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—202nm
(11D

200 (2200 1D

(110) 222)
1 n |I ‘ " 1 L I‘ " 1 || 1

10 20 30 40 50 60 70 80
20 (degree)

2-6 Cu.0 4l>KER XRD K

Intensity(a.u.)

Fig.2-6 XRD pattern of Cu,O nanospheres
(3) TEM MK FRAE
KH TEM X Cuz0 5 SRR N EBEE M HEAT RAE, 45 R 2-7 PR

2-7 i S EINR (2)~ (C)kifE N 202 nm Cu 0 F b ERAS B4 TEM & (d)E(c)
F e LI ]
Fig.2-7 TEM images of (a) ~ (c) 202 nm Cu0 single crystal spheres with different magnifications

were measured by transmission electron microscopy. (d) Fourier transform diagram of graph (c)

27



LA TR AR 228 S

HIPE 2-7@)RI %0, il Cu0 KERMH 80 R i HRSH—, B 2-

TR, il 1) Cu0 PIKER RERELER . B 2-7(c) I &0, Cuz0 FIKEREEH
43 I S L LT B MR R R R A R O T — 3, R A

R IIAIER Y 0.308 nm, Xf M4 Cu0 44oK3k (1100 [, X5 2-6 H XRD fri
FH (1100 RIS A . B 2-7(d) F7 A3 L 28 4 P s 1 6L O AT
WPER, Wont Cu0 9PKERAA R, 25 BTk, ASCHTHI& I Cu0 44
KER Y Cu0 B LR .
2.4.1.4 Cu20 L1 B AR L SR4FAE

KA (SEM) WEEmHE Cu0 fiJa PET SR mES K 2-8 fr
No MK 2-8@)FLAEH, J& PET 2R ELIE K. B 2-8(b)~(f) hak
Cu20 PUKIRWTIR G 1 PET 43R, AT LIS E] Cu20 9oKERIS S 3 A 7E 4T
YR, Cu0 BRI EAeBEHES W L. HE 2-8(). (HATLIEH, PET
4 LI Cu0 GKERKIARISE] . SmBEATFHAIN T ST, Cu0
HRELTHR T T TS FI, Cu0 G55 T WAk 45 M R AN 7] 52 301
G,

lﬂun

2-8 ANFAHHE Cu0 S5 B LVIHIOMIES:  (a) RACFLRIHRL LW (X1000) ;  (b)
Cu0 45if 2 (X1000) : (c) X3000; (d) X10000; (e) X30000; (f> X
100000
Fig.2-8 Microstructure of Cu,O fabric with different multiples: (a) untreated polyester fabric
(>1000);(b) Cu20 structural color fabric (><1000);(c) >3000;(d) >10000;(e) >30000;(f) times

100,000
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2.4.1.2 Cu20 L5 B LAMIR N S 1 e
(1) Cu.0 i RE RS

Cuz0 S5t LW IR AR e i &l 2-9 s AT 2-9(a) mT DL IR, 7
E R Cu0 iR, AT IR LS Cu i ELll, TS 3] 5 FioR A kL
121 Cux0 HifiEk. AR EARM Cu0 M BkIBHR 2] PET W F, SWRILHA
FIEIt . BE%E Cu0 M EERIRIAZ M 165 nm 350 %] 190 nm. 202 nm. 246 nm
A1 292 nm, PET 2 F25i i Bita R R RTE A, G, OB,
ME 2-9(b) 1 St et 2R T LLE H, AFIRLAE Cua0 B R4 K L2 i) S 26
WA BEE Cu0 B EBRRIALHIIG R, 25 EMBIE R LR TR, R
SRRV FEFEAR FE . RiAR A 165 nm ) Cu0 H gl BRER 45 44 5 419 (1 S St e 3
F 475 nm AbXF B TR . RiEN 190 nm Y Cu0 HRERGE M B4 i &,
SFVERLTF 500 nm Abo SREEEH LU RifK) Cup0 H i ERKIAZ A 202 nm, X
WAL T 520 nm Ab. RifRA 246 nm (1) CuxO HL b BREE F (2 ¥ S S b7
550nm AbX B F A, kiR 292 nm ) CuxO i ER& T sips 45 f o,
FRSFTIEALT 475nm A1 600 nm &b, BRI, U EZEE NS A 6. Fi,
AFERAER Cu0 HFERBHRTEG L 2 Lol USRI A F B, 7+ B 5
AR EARIIIG N, S5H 0 SR IR AR

(b) o——2920m
5

'y

Intensity(a.u.)
NS AN A &G\@;
o w

-‘_/Mu

400 450 500 550 600 650 70
Wavelength(nm)

2-9 A5 SR IR () SSMEUERLIE A (b)) ANFERIAE Cu0 ZNKEREE 1
2 s S A 25
Fig.2-9 Structural color reflectance test: (a) digital photos of structural color fabric;(b) Reflectance

curves of Cu.O nanospheres with different particle sizes
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(2) Cu0 FURIfZ ST #
ANFPRLAR Cuz0 kiR s AT i 28 i 2-10 s M 2-10 if LR, Cuz0
B ERIRAR AT A TS, R Cu0 B ER AT RAF I A B . 45 SRR
KW, Cu0 & Rt H il A 4 FRAR AT LR B L B b, AT A4S BAN AR
1211 Cuz0 HfmEK.

—— 165nm
= 190nm
202nm
~———246nm

50 -

202
40 F 292nm

30

Intensity(%)

20

10

Size(d.nm)

&l 2-10 Cuz0 H. R HRLAR 70 A7 1]
Fig.2-10 Particle size distribution of Cu,O single crystal spheres
2.4.1.3 Cu20 Z5tt B LM REFRALE
(1) KFEFEENR
B 2-11 Ny Zp (a5 Ky t 2K B AT 5 RO %

7

(=)

Reflectance(%o)

400 : 450 I 500 : 550 : 600 I 650 I 700
Wavelength/(nm)
& 2-11 Cu20 45K tZAW KB A [F] I 1] s S 28
Fig.2-11 Reflectance of Cu,O structural color fabric at different time of washing
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M 2-11 AT AR, AFEPEEI E T4kt Cu0 254t St R £k JL-F
BT RAEAA, VW Cu0 Zii i ANBEYE R I R RGN A2t o AN [ E % I [8]
K] Cu20 ZH e S S RAE BB R TS A TR, /N T 0.3%. Z9RRY], 12450
ARV EA RIFHIKBTEE L

(2) FREMMIK

K 2-12 Nzt g5y R S AL PR RE AU e S . &l 2-12 wl 5, #g
2Rt CuO Sty RMAE 2 S TR E AN A I [) i B9 S 28 il 2 R AR AN I AR AR A
Cu0 S5t U B SH ARIEE IS AT R B%, /T 0.3%. KB Cu0 45t 21
AN B LN B I AN AR AL . 45 RERW, 1% Cu0 L5t S HAT RIF A

ek -

10.5

©
=)

o
in

Reflectance(%b)
o

4.5

400 450 500 550 600 650 700
Wavelength(nm)
K] 2-12 Cu20 £ 48 2 T8 B A [R] B T] S 2
Fig.2-12 Reflectance of Cu,O structure color fabric placed at different times
(3) EEHiEx

WL EE CuO 45 i 23 BE BT 5 1) B S 26 s BE R C 7 B, ] 2-13
Fiok. W 2-13@) i, Cu0 S5ty tgiya Bk ke S EE S,
SRR, Cu0 LM LIV 4 R J5 1 [ S 28 A (1 0/ T 0.3%.
WK 2-13(b)Frx, B BRSHAVER G RN RS EERTEARHE. nE 2-
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13, Ztt ). A OB L LW BT A 1 B SR 451 41
PIRIB A AR . GREH], Cu0 45 AW A RIF B BRI 7R

10

20

140 | ~— Origin white ployester fabric
After abrasion with white ployester fabric

After abrasion with black ployester fabric
After abrasion with white ployester fabric ( a)

~ Origin structural colored fabric

E
T
—
n

=
5
Reflectance(%)

Origin black ployester fabric
After abrasion with black ployester fabric

Reflectance(%)

-
T
'
wn

400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength/(nm) Wavelength/(nm)

!!!! 10 {30 {60 f100

] 2-13 Cu 0 M L BE IR (a) SSHCIWIBEERTE AT E: (b B, A6
BRI G SR (o SiOSMINEERER, o o AEEERTE S OETH R,
Cav Ca NANFIBEBRHIN (At Btk

Fig.2-13 Cu0 structure color fabric friction test: (a) Structure color fabric before and after
friction reflectance;(b) the reflectance of black and white polyester before and after friction;(c)
Friction diagram of structural color fabric, ¢, and c; are green structural color fabric before and

after friction, cz and c4 are white and black polyester at different friction times
(4) $E it

gimtgifinaed 2R E MG, SWEE AT TR, X Cu0 45
GEPHAT IS P, Wk 2-14 Fros. Wk 2-14(a)~(c)Fas, 4l 100 4k
TH)E, GHEAYIRTNILRS, HAREHIREHTE R Cu0 il tiiyx
SYERIEAAAR, &l 2-14(d) s, WIS B BA IR S . (2
ARFEH, Jef PAWELY) b, FWHR Cu0 H4EK, Cu0 HAmERAE PAJE I
KGR F R AT T Cu20 Sk i 42 2 .
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d 14+ —— Before bending
. —— After 10 bends
—— After 30 bends.

——— After 50 bends
——— After 100 bends

lntensity(a.n:.)

®

&
S
S

450 500 550 600 650 700
Wavenumber(nm)

Kl 2-14 Cu0 i drilik: @& har, ()& )5, ()& h/E, (d)=ih 0. 10, 30.

50. 100 YJA ) Cuz0 4t A (43 it 2
Fig.2-14 Cu,0 structural color fabric bending test: (a) before bending, (b) bending and (c) after
bending, (d) the reflectance of Cu,O structural colored fabric after 0, 10, 30, 50, and 100 times
bending.
2.4.1.4 Cu0 G5 B LRI 1 REFRALE
R FH i 0 e AN AL BRI [a) 25 44 L2 s PERE . &5 Rl 2-15 B

—&— [ischerichia coli
—&— Staphylococcus aureus

T (2)

Bacteriostatic rate(%)

1 1 L L 1

Untreated 5 min 10 min 30 min 60 min
Time/(min)

B 2-15 VTR L RERIRAL : S 20 B AR 0 () K AT B A (b) < B o AT & B, it PET 44
VAL PEA () R AT T A (d) <5 3 (0 & BRI R Cu0 S5 K (AW AL BE 1 (€) K T 1 A1 (F)
B O R BRI TG (9) A FIALBEIEU SR IR R T 18 A <5 24 €0 3] 4] BR T PO 410
T 2 24
Fig.2-15 Characterization of antibacterial properties of fabrics: (a) E. coli and (b) S. aureus of the
proto-bacterial scraper, (c) E. coli and (d) S. aureus scraper treated with original PET fabrics, (e) E.
coli and (f) S. aureus scraper treated with Cu,O structural colored fabrics, (g) the antibacterial rate
curves of structural colored fabrics with different treatment times against E. coli and S. aureus.

el 2-15()~ (NP, JR4E PET S350 K v A < B €0 A 46 BR B (97T B
MORBZE, Mgkt Cu0 I BAT I AIURROR, 4 Cu0 Zifyta ik
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S, KIS O R B LT A K. il 2-15(g) s, BEE AL
PN HJIE R, Cux0 S5 AW H 40 FZ W . ALPE 30 min J5, Cux0 45
K s B 0F DR M A T 0 <5 €00 1 ] BR B 00400 T 2270 Jnll 15 1) 99.86% 1 96.84% .
MR EME O EIREZ Cu0 45 ELWMEE 60 min, IME Rk
F| 100%1 99.61%. £5HF K, 1% Cu0 L5 F SIS 5 24 R H P B AN 24 PGB
PRI RA R BT s MR .
2.4.2 FIBEH BN
2.4.2.1 Cu0 BB RHIFRAE

KA (SEM) MEEWHE Cu0 B JEE/ME (TIC) LI man &
2-16 . B 2-16(a)fT~, AREAFER) TIC SR SH 420, 2-16(b)FiR,
5 PAVEWG, TIC 2RI, X2 M T PATE T/IC 2Wkii ot
(¥ PATHZE, AHT Cu0 B BRIk M. Wil 2-16(c)(d) i, MWiik Cu20 43k
W5, Cu0 5 BRI SI 0 AGAE TIC W) .

2-16 ANREMEEIAEYIES: ()TIC 2141(X 2000); (b)Wii& PA J& T/C ZR4(X 2000); (c)
TIC 5K 214)(X 20000); (d) T/C &5 #1414 (X 30000)
Fig.2-16 Fabric morphology of different multiples: (a)T/C fabric (2000);(b) T/C fabric after PA

spraying (>2000);(c) T/C structural color fabric (>20000);(d) T/C structure color fabric (><30000)
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2.4.2.2 Cu0 L5 B LA 1 e
AFE B TIC S5H G2 I B s e il 2-17 fis . #1461 6 Bl ]
KR Cu0 HEK, 2 AInIfE TIC W) LI E e, Bath, JREt. R
SRt EEROFNE G ESNPARISIE, WK 2-17@FTR. Bi%E Cu0 RifEMH
WK, SMELaeERaBiR. mE 2-170)fw, SRR 9K
Cuz0 F iy 3R] £ (¥ S5 4 530 B S R 1) SO 38 06 o 5 K] B SR ) S S W ) o
WK BEE RS R TR, RMHHRENa%. Fik, AEKAAR Cu0 H#
frk ] LATE T/C W) EJE AN Rl B i) 251
| .,wwwwi(b) —

—— 246nm

T S
\_/16;“{/

400 450 500 550 600 650 70(

€Y iosom f177om  190nm

VNS S5 RO ET

Intensity(a.u.)

P S o Wavenumber(nm)
2-17 g B TR (@) M EaSERLIE R (b)) AEKRIE Cu0 H b ER LS4

LW I 2 i 22
Fig.2-17 Structural color reflectance test: (a) digital photos of structural color fabric;(b)
Reflectance curves of Cu,O nanospheres with different particle sizes

2.4.2.3 Cu20 Z5t B LM REFRALE
(1) FKFEEENR

NT VN AR T AKGETE, RHBEAT ARSI, 45 Rank 2-18 fm. B
ZER L GUAE SR AR SE KU N 3 min, TR M e I E R K AR AR
1, SR 2-18()Fir. S ELWIKEEE IR Z 2-18(b)FI¥kik 24 h J&
G 2-18(c) S U ATAH L R A AR . 2R, ZEHEaLmAR
At R R 2
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B 2-18 /KPR BEMNA: () WRGERT. wkskrh. WIEE: (b)) WIERTE R (o) K
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Fig.2-18 Washing fastness test: (a) before, during and after washing;(b) reflectance before and
after leaching;(c) reflectance before and after washing
(2) REMEMR
XGRS IEAT RS E R, A5 SR A& 2-19 B . anlE 2-19() s,
SRS ER THE TSP 2 AN A, BEEENOSWIN R T
AR . Wil 2-19(b)Fin, D65 JGIRARST 6 h J5, £ UM bt 2t %
HAMN. SPREY], GCOLWRA RIFITEEN.

~ o~
=
N (a) N (b)
S’ S gL
8 st 39
= =
-~ A = 8//\
S k>
L 4.0 —— Before = Before
Lre —— After = 7r After
b ?]
m i 1 i 1 i m L 1
500 510 520 530 500 510 520 530
Wavenumber/(nm) Wavenumber/(nm)

2-19 FUEMENNA (2> EHARMCE 2 M HEE R (b) D65 LIRS 6h i & /4 %
Fig.2-19 Stability test (a) reflectivity before and after 2 months of natural placement;(b)

reflectance before and after irradiation of 6h by D65 light source
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(3) RN

X R BEAT BEBEVERE MG, S5 R 2-20 . il 2-20(a)~ (c)Fr
N, AR ESERE)E, BOEMEER T/IC 2 EMBAREREE, JF
HE W4 BEEERT PR AR, ORI R)IRIE . i 2-20(d)(e)
N, GG, RO AT TIC SWBESNT A I RO R A — 2, 41RK
WY, Skt TIC AW R A U7 T BE SR 24 1

@
o

(e)

White T/C fabric
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= After abrasion with black T/C fabric
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| == Origin structural colored fabric

Reflectance(%)
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w
in

Reflectance(%)
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Kl 2-20 FESEINR: (@) BEBR S A M (e di): (b) B TIC W) 5 45K (o 23V AN [m) BE HE CE
JEHIRE () A TIC 23 5 454 QAN R BESE I BUR XS EE s (d) S5 gim 5 %

H T/IC ZWIBEBERT G B S5 (e) 8 B TIC W BEHE AT )5 1 S A 2

Fig.2-20 Friction test: (a) Structural color fabrics after abrasion; (b) The black T/C fabrics after
different times abrasion with structural color fabric; (c) The white T/C fabrics after different times

abrasion with structural color fabric; (d) the reflectance of structural color fabrics after abrasion

with black and white T/C fabrics; (e) reflectance of black and white T/C fabrics after abasion

2.4.2.4 YRR 14 eI

(1) SFREEMIK

XSS GAREAT TR REINA, A5 R 2-21 PR. BT PA BHRTE

TIC LYk KA BEBBILN— 20, RSB RAY TR, IR
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23— i A7 22 WL JHL v 22 R T 45 ) € RO R R X AV SRR EE R R e . TIC 24
YITE 6 cm AR AN 20 mm, il 2-21(a)fin; SR GIWIZE 6 cm Ab
BN 21 mm, il 2-21(0)FiR. STHORIL, MR PA FI Cu0 JE 4 H gl
YHBORAG AL TIC ZUM7E 6 em Abw 7 1 mm. ZEREEH], G5k (il o5 %
G IEL LT T2

B 2-21 REEMIR: (@) TICLW;  (b) Sitediyy
Fig.2-21 Softness test: (a) T/C fabric;(b) Structural coloured fabric
(2) BES MM

XSk B RREATE TR, 4R 2-22 Fios. £ pH=8~9 I}, T/C
29 b pHARAR B R 1 s, g5 R 2-22)FR, TEEMELY L
Ay 2 s, S5RWAE 2-22(0)FT~. XTERIL, WiHE PA Rl Cu0 J& 451
BAYFER G TIC 2V pH AR A i [a] A 38 . 45 R,
LER T A SN L B R

Kl 2-22 A0 (a) TICZWr: (b &gy

Fig.2-22 Permeability test: (a) T/C fabric;(b) Structural coloured fabric
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2.4.2.5 Cu 0 LA B LAY E M e RAL

XA F BB AR C AT T HUE I, v AL BRI (8] 5 min, £ 5 ]
2-23 fiizn. WA 2-23@)fin, SESWIMELG, MG KA i A4
% BRI B RN A . BT G I I I B R E] 70% A I
Cu20 LA i K 18 B €0, 285 ) €0 R0 DA M AP 8 R <0 0 € 81 26 1R A1 ) 400 81 3 A M1
IrRN T1.75%AH1 80.28%. Cu20 HRifff )N 58 45 1 (o 23 KT v A <e:
T OO A BRI AR Rt i, 42 0A 84.18% A1 90.78%. 45K, Zhiytagd
PN B B Cu20 LA A8/ 1S K

(a ( = & \ , ‘ :

(b)100 -

80 -

60 |

40}

Bacteriostatic rate(%)

20 -

Orjo: Bri,, Pu Lj Dy, Grace  Ora,
"ing) ~8ht puml'hlc reg '&ht blye rk ls'rce,,':"“‘ &’rce,,a“' Ve oy,
e

Kl 2-23 HiEillil: (&) PUEEIIRE, 1~8 M1 9~16 /AR IEE . T/IC W), =5,
RAG, REG. BEE., BNy KT EMme emiake: (b 4t
A/ TS
Fig.2-23 Antibacterial test: (a) antibacterial scraper map, 1 ~ 8 and 9 ~ 16 represent the original
bacteria, T/C fabric, bright purple, purple, light blue, dark green, grass green and yellow fabric
against E. coli and S. aureus, respectively;(b) Bacteriostatic rate of structural color fabric
2.4.2.6 Cu0 M BLAYHEL. EIRLFIF

KHIWHRIEAE L) BRI Cu0 i th, W DARIEI Aty t,  SEIl AR
o BEWA P, SR E 2-24 fos. ikl 2-24(@) s, A P mEa Ik H14 RS
N 25 cmX 35 cm B SIS L RY), 2R R R R AL AL B T
[ I 3 T LA P ARSI 15 B R A R PR B R Z i i), a5 R 2-24(b)~
(e)FT7~. £ 5 cmX5em ] T/IC W) L, FERM 3 AIBTERALE N 202 nm AT 246
nm ] Cu20 HLif Bk, w152 A RSB RIS AT %, 2R K 2-24(b).
(C)FT7R. £ 20 cmX 20 cm [ T/C 23 LWk 246 nm ff) Cu0 HLfhER, A[153|

39



LA TR AR 228 S

BRMNEROEE, 4RNE 2-24(d). ()Fimn. Fit, Cu0 H ke #yth A
H B P AR N B 5.

B 2-24 Pl AR (@) 25X35em ST ta4i):  (b)  (¢) 5X5em RF XU AN
PR EE;  (d) (e) 20X20cm R K%
Fig.2-24 Industrial simulation: (a) 25>35¢m structural color fabric: (b) (¢) 5>6cm double-sided
structural color pattern of different colors;(d) (€) 20>20cm structure color complex pattern
2.5 KRB
AR SRR AR % Cu0, FEIR =8NS A, R L Imin
FEl AR, I & AR FERR Cu0 HahER, FERLIhIE B AR/
M) A et (. BAREE RN
(1) EIhfl 4 H 7 165 nm. 177 nm. 190 nm. 202 nm. 246 nm. 261 nm
A1 292 nm AFRLAEH Cup0 Hifdk, 7EREKLLHY) HRRERE, it g6,
WA OO TR RBE ML 6, £ RERMLAY ERRITE A, KA,
WA IRGE, BEG TN (/ST [F U I 45 40
(2) g5 AR M BERE . KBRS, B mmiaett. 4540
B XT SR TR . B SEERE T R R o R Z5 A B I LA
FEIPTEPERE, 7E 30 min IR AT B AN <5 5 605 %) BRI A0 B A 100%,

40



LR R A S

I HIUEBORBEE Cu0 - F BORLAR A 4G Ky o A [F] — 2R AN [ 1wl 3k
BEEAR . ARPTERESE, Wa3RE TR R KSR e ok & 1T
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MEETT, W2 TR R, B SR gBl, Mie Bt
1A MR o MR, ORI S, IS S T A G Y]
Yo BRI, BT K IRHUR BRI & G544 (0 7E 95 VU EL A = 22 (¥ 8 FH A (8
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. KR S A TE — e MR, RS B ) R 3 8 B L AE 45 4 by it
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ANTEIZE B LV G54 ek g B G IR P AR B R R AR ], e T B E R
INA—, ARESTIZ R
RBELEH AN Cu0 B BRI RLTh il 4 th 45 0 1 5 b, 23 ileE
ARG QR  RRGHEG LN QUMK AR (B4
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Fig.3-2 Structural color reflectance test: (a) Digital photos of polyester, linen, silk,
polyester/cotton and linen/cotton with different colors (from left to right) ;(b) the

reflectance curves of structural colors on different fabrics
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Xof G5 R AP EAT SR FR N, 45 R 3-2 Fros. SRA 165 nm. 190 nm.
202 nm. 246 nm A1 291 nm TR [RIRIAR ] Cu20 FRLERER, Zr Al fEER 2. TEHK.
el VRINRAUBRAR G EA53) 780, W, Shn. B G 0 RRs RO [H (1
giith, SRWE 3-2)FTK, MFEKARE Cu0 M ERTEA L) - i
RUAAR, (BB . W 3-2(b)Fin AR —RARIK Cu0 B 5Bk
ARG ER RG2S e R R3S AN ],
AERY) R G RO AR F R, MHFERAZT Cu0 HRERTEAF
29 b R I JE AT e T SRR G A4 AR A [F B
Y
3.4.2 NEHEBILN4 Cu0 L5t R SRR

KH SEM WE¥kee . WK 2z, BIPFRMR R A F ) 2t
Cu20 S5 R OMTES, 45 R 3-1 Fro .
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ﬂ(iOun : A 5:00 uu 5.()() un ﬂ 5.00 um.
K 3-1 RALBEHI LA SR L) B 1 7 A0 SEM IR . ()28 (b)IEJR: (c) 722
(d)EAT: () ILIRIAE

Fig.3-1 Digital photos and SEM images of original and structural colorized fabrics: (a)
polyester;(b) linen;(c) silk;(d) polyester/cotton;(e) linen/cotton

i 3-1 fon, M RISEB G 274t R S AR, EA R 2R

AR PA AN Cu20 70 BUUG , AEHSRT A ) Cu0 Hd Bk th % ASHIF, (B

HRIAFIETLF KIS XATae b TR E ., FLS e 5 AR,
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T Cu0 H BRI ARF WAL M LR AR, hSFEAER M Cu0
FAFRERAE AR R b 2 60 72 e R R A
3.4.3 NEIZEEIRIXT Cu0 L5t M RESZ M
3.4.3.1 EEEMIR
X AR R BAT BEEBEVERE ML, 45 RN 3-3 o

Intensity(a.u.)
~ " h & 2

500 sis 550
Wavelength (nm)

©f ==

-t
EE
T T

Intensity(a.u.)

400 450 500 550 600 650 700
Wavelength (nm) |

P 3-3 BESRINA:  (a) 45 H th 2PN EEHE 100 VKA AU IR (A B2 MKUONER 2 TR
e, VRIR BRIE), (D)G5AL g EERE 100 RHIT G A S S e 22, (c) R8 (g BEHE 100 X
HITJi PR B S5 25 Hh 2

Fig.3-3 Abrasion colorfastness of structural color fabrics (a) Digital photos of structural color
fabrics before and after abrasion for 100 times (from top and bottom are polyester, linen, silk,
polyester/cotton and linen/cotton), (b) the reflectance curves of structural color fabrics before and
after abrasion for 100 times, (c) the reflectance curves of black fabric before and after abrasion for

100 times
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wnkE 3-3(a) AL LI 100 IRATE ST LG, . WK, &L,
VRIRBAIBRAR S5 40 (o ZAMILE R 100 RS, 4544 (g0 3RTH R HH I I Sk ) B R
e, RN A BRI R AU I R AR R I Cu0 i BRIARER . S5t ()
JEE A5 43 AN I R (0 2340 BE BT 5 9 SO 3R i 3-3(b)s (), ANE LY
EIE 2 RGN, TEEEERT G I RO R i 2 AR — 5, I fE R —3
CERRH, B4, WHR. T, BARRBRAR S ER Cu0 ek T
PA IRGFHAEF, #OR A RAF R BE R
3.4.3.2 T IR

SR LA BT TN, 45 R 3-4 FroR .

Before
6F —— After

§

a N ®
v v\,

Intensity (a.u.)

/

475 500 525 550
Wavelength (nm)

3-4 ZPrI: (@& S 100 A I AT A MEBES I (A B2 M IRUOSERL . TERR.
et VR BRIRE): (D)SS 23 100 O 4T i B S A 42

Fig.3-4 Bending test: (a) Digital photos of structural color fabrics before and after bending for 100
times (from top and bottom are polyester, linen, silk, polyester/cotton and linen/cotton); (b) the

reflectance curves of structural color fabrics before and after bending for 100 times
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i 3-4(a). (D)FE, St 100 KEHNEHIG, LHasmFREL &b
BRI RR Cuz0 B R INTE SBUNTT L. I 3-4(Q)FFR, LEHItasiEs
37 100 VTS5 T 30043 000 S S0 2 7k L T A (. 25 K, CunO 1 Bk
R IR b 46 L0 24 S B Y LI FOO 25 97 1
3.4.3.3 IKEEE MK

S U TR P R, 25 5] 3-5 .

I 10}
10
'f(b e
—— Before | 6/”x —— Before
6F —— After | — After
of I “:/’x
’q"‘-_/"———\ |¢4/”—\
s 13
& 1 sk
>3 2
.‘i 6 |56A
54/-— |§4.
S
= 1.5
°f : 6A
4/,‘-_\ ; ik
|
L 6
6 —— ]| 4/,@
4F | F
475 500 525 550 : 475 500 525 550
I

Wavelength (nm) Wavelength (nm)

B 3-5 Rt lli:  (a) 45 H AWtk e il m OB A (N L2 RO TR . AR, Zx 2.
BRIMR S RRINE);  (b) S5 H L AW BE T Jm OSSR 2 (o) SSHE MK RT A 1 S =%
fih £
Fig.3-5 Leaching test: (a) Digital photos of structural color fabrics before and after washing (from
top and bottom are polyester, linen, silk, polyester/cotton and linen/cotton); (b) the reflectance
curves of structural color fabrics before and after washing; (c) reflectance curve of structural color
fabric before and after washing

XL WRR B2 BRI AN RRAR 45 4 € 2 TR A 1 E KU T ke 3
min, S5RAIE 3-5(a) s, WRBEHET 5 45t 2P0 LL kb i A e oR A2 W]
R, Cu0 FEERAR MR . W&l 3-5(0) s, St etk
AT JG ARG e i 26 e AR — . W& 3-5(c)Fian, 45M B LVWIAE K B il i i s 5
HRMEIEA B, HISA TR ZRRY], Cu0 FEERAEA R R L
RIS B KPR ZE L o
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3.4.3.4 FREMMIR

XS AT R E I, 25 RAnE 3-6 B, iR, R, &L,
BRI ARRAR S5 M L2 B T2 b BARICE A )5, ISR 5 A0 a6 B &
SR 3-6()FTaN, ERT G RAT R I AR —S. ] D56 JLIRIRG 45
W) 24 h 5, WIS EFIRIAE SO, 45 WA 3-6(b) s, MRS HT 5 S
RN A B ZRKRY, ZEMELWES RIFHfaE M.

@[ —— 10

efore

Before

4r — After 4r — After
6 6

= =

38 \38

Z z

';;6— ';6-

e St

E =

|
|

6t N
4 p—m"" e—
415 S0 825 S50 478 500 525 550
Wavelength (nm) Wavelength (nm)
3-6 FEMEIN:  (a) SEIWIBCERAH AR RS R N BRI MRS . T
Ry 22, WRIR. BRIED 5 (b) D65 YeUsHR YT 24h Hi 5 R 3

Fig.3-6 Stability test: (a) reflectivity of structural color fabric before and after two months (from
top to bottom, polyester, linen, silk, polyester/cotton, linen/cotton);(b) reflectance of D65 light
source before and after 24h irradiation

3.4.3.5 YRR
(1) ESMENR
XSS R LA REATE NN, R 3-7. 3K 3-1 . Fikee. ALRR.
Iz VRINRABRAR AP 5 G50 0 AWTIAE A SUK AR b, R H )20
fi pHARARAR LRI [ 08 1s, eid 25 2048 pH 14048t i I TR) 3 1~
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3s, RuJRERHT PA GWETLYERE, FEEMYESL e 8 ERA D,
LR BIINE R — . SRR, E X LI & SMERS AT R
# 3-1 MW (pH X483 ok [a])
Table 3-1 Permeability test (pH change time)
BAME (pH AR A i [a]/s)

RALEEH ghtb sk B
wa 1s 4s
AP JfR 1s 2s
gl 1s 3s
VI 1s 25
JRRIA 1s 25

\ & "\}’ ‘ |
F8 ~ 9} t=3s\pH=8 ~ 9

K 3-7 BN (2 BLHWANFLEHORYEENRK: (b WH:  (¢) &,
(d) Wi (e BRI
Fig.3-7 Breathability test: (a) Breathability test of polyester fabric and polyester structural color
fabric: (b) linen;(c) silk;(d) polyester/cotton;(e) linen /cotton
(2) SFERMEREMR
XSS R A REAT RN, SR 3-8, K 3-2 . Bk, AR,

I 22, BRI A S S5 W LWIAE —3m i) 6 cm AT S, JHNE R &
e e AR R R S, R LEREL, A [FI RS 45 4t IR R A B 2
ELE 3 mm LN, XATREfR T PAE T4 4ER I, H2WINER, T34
AL T S R BAE PRI A A . 45 RRY,  JURP S i R R I
R AR
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32 RHEM A (RED

Table 3-2 Flexibility test (height)

FEE (R mm)

RALFE GER o b B
we 15mm 16mm
P JFR 18 mm 20mm
e 18 mm 19 mm
BRI 19 mm 21 mm
JRRIA 21 mm 24 mm

3-8 FHEIMK: () BARLVMMFRLEWOCLEYIZIENK: (b ER: (o) &L
(d) B/: (o) BRI

Fig.3-8 Softness test: (a) Polyester fabric and polyester structural color fabric softness test: (b)
linen;(c) silk;(d) polyester/cotton;(e) linen /cotton

3.4.4 RERBLDYRT Cu 0 Ly BIE 1 RER/ M

X EERE B AIIAT U PRI, A5 R 3-9 PR . i 3-9(a) s, I
. WRR FeZ. BRIARATRRARSS AL WAL B 60 min Ja ki KT v 411 23 70
BN 99.89%-. 99.92%. 99.96%-. 99.98%F1 99.98%, ¥, K. ALz, W/
AR S5 H CL UM AR B 60 min Jim Xk < 3 €47 4 BRI B BLE 20 93008 99.95%
99.96%. 99.97%. 99.96%71 99.92%. £5iREH], FEAFRLY) L% M Cu0 4
T EREIE A, A2 YR R
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(@) 100! :

5+

S0F =

T/IC
C/L

251

Iif

50 F

2

n

Bacteriostatic rate (%)
] ]

IS5+

n

100 +

EI3-9 Himik: (a) W&, WK, &2, B MRS OEADMESR: (b &mEA
BRI . VR, WERR. 2z, VR BRSSPI BRI (o) STt & BRE
Bede WRR. &2, BRME. BRREHOIBIELEEIR: () KBFFE. &L, LR,
Ll BEINRS RRARSAIPUE A SN (o) KIGHFHE. B8, WHK. &2, IR, FE/
UHEE ALK ACYE NP IS
Fig.3-9 Antibacterial test: (a) Antibacterial rate of polyester, linen, silk, polyester/cotton,
linen/cotton fabric;(b) S. aureus, polyester, linen, silk, polyester/cotton, linen/cotton fabric fabric
antibacterial treatment scraper; (c) S. aureus, polyester, linen, silk, polyester/cotton, linen /cotton
structural color fabric fabric antibacterial treatment scraper;(d) E. coli, polyester, linen, silk,

polyester/cotton, linen/cotton fabric antibacterial treatment scraper;(e) E. coli, polyester, linen, silk,

polyester/cotton, linen/cotton fabric antibacterial treatment scraper

3.5 KE/GE

KRB AR E, SRA 165 nm. 190 nm. 202 nm. 246 nm FI 291
nm FRPARFERIAER Cu0 Hdhdk, B AlfEA AL QR%) « RINF 4L
Y (R « SIEF 44 (k) RNRGIAF4ELN) GRING. RRAR) L Hass
M, BRI

Cu0 BRIREANFIRBZY) ER It th s . W, g, mamm
ORI ARBIER SR G, BT ARFERRMAAERLSEN . BREAHEE, S
FELTYE EITE ) Cu20 B dp BRI 0 AT I LI AT 22 5%, S BUR—RiAR ) Cup0 5%
ERIEAR R AW Edl % g it i Bl — e 2. B TRA IR NGRS
(PAY HI5IN, Cu0 HoffBR AT LUR BF RN B CE A [F R B L e R 1 3R T, 45
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A R B AL R I EE AR B v . T /K e As e EAD G IR AR 2 1k, eI 4544
IR R G5 G SR PAEAE S, P a5 I R I = e
VERE, JFHIURTEA LR 0 .
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B 4E CuO EARHNBIERERCRAY LHNRA

415|8

S5 RO T URR IR ) 2 LR AT 8 D70, AR S B S B B R ) 7 24
A5 % KREFE. O MUK AR A SEIL A, A BN S AT T
Ao BT ROV A BRI T WOG, B RS R IOG, B g
R 2R PETE BTN LT HI 45 W G A G IR g 46 M 7E 503 W] b I 4%
R, BT T BT E S AN SR T I, T BR TR A g
R S5 R LB . A — g5t T T, DU R KRR TP B AR A R
R TF R, S0P AR AEAR T HUR, B0 M TR B BRI R A
AT RIFX IS, EE IR R, . E A SRR R 2 R ok
STt AN B 55— 71, IO AT R S5 A i R R R 2 R L ik
ST R AR E AWER, IWTifE A Gg) Er g,

1548 97 2 S AESRAS BN B LK [R] IS, 75 EERAT R R D) e ) 75 B ad a5
W77, ORI T g5 230 BN TR . SR K B SR 458 AL A BN
Mk, ERAVE. BEK. JUEAMEDRe, LRI R R B TR .
T 45 ) € R R A BTG HEAT SO, A L AE SRAT B € R 1 ) ) O R SR A R Bk
Thee. MR TAEGGETZ, Sk 4 0 G @ ool 2 451 (B 97 4 ML e
ARSI € ) () B R T SRAS R R (I Th B

KREAER ZFEEMN Cu0 FamBRIEA E, SINTRZEK (PDA) A
SEAER (Mn(OH)) , REIEAMER, KEERNERMAR A6aKRe -, FHxt
B ARG LN B AT T TC, XM AR B BRI

Z
H

H.

MR SE MEHEAT T HRSC, WA T A 6 ot R L RE (R, X S
GV LB PERDERE AL PE AT T 5
4.2 SCHaER sy

4.2.1 KR F
PRE: EEELLSY) (105 g/m?, YT R T A AR R R AT
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A E AR T B4 T W3R 4-1 .
R 41 S T EA A )

Table 2-1 Main chemical reagents in the experiment

SR8 2 AR B HEPETTR
iR « ZENZ Mw:189.64 By T A BR 2 7
EX e = e 3T =99.9% By T KA B A =
SALER AR JCHS TE AL TR 4 A PR A

A T A A EAR AL 2210 2 R 2- 1

4.2.2 SRR ER

AT EZERE SR 2-2 R

4.3 L%
4.3.1 Cu20 B BIkEIHI &

Z 2.3.1 CupO B BRIl %% o

4.3.2 Cu0@PDA. Cu0@Mn(OH). £ &1EkEYHI&

Ml E 2 Wi%[H) Cu0 4} ELifi. HL 0.4 g Cu,0 Bk, M 19.6 g /K 2.8,

KHHE A AT 3min J5, FE 2 h RIS aoi & .
(1) Cu.0@PDA E&HEkaIHIZ

HY 2 wt% Cu0 73 #0ik 10 g, N 30 g /K ZEEdedEs54), n 0.036 g =

PRI (Tris) , BEEIIA 0.08 g HhERZ i (DA « HCD , KN 24
h &, fERE-OLHLAE 8000 r/min [IZ6AF T &S0 10 min, A 2B 7 /KFMTEKL
B URELEL 1)) IREEIRDES 2~3 K, HJGTE 50 °CHIE S HAH ht, EImS
155 Cu,0@PDA & &Mk

(2) Cu0@Mn(OH), & & EkBYHI &

I 2 wt% Cu20 73 H 10 g, A 60 g To/K ZREHiFEI 5, N 5 g KM

g BEEd (PVP) , BRI A. L 0.01 g &ALE (MnCl) JiA 30 g Wi+
K, RENER B. K B ZEHMINBER A, BEEK C. i 0.2 M
) NaOH VA VBCK AW C 1Y pH EES] 10~11. M 2 h 5, {3 FHEOHLE 5000
rimin (2 AE RO 5 min, (KB FRMEKLE (R 11D IBEHERDE
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% 2~31%, HJSTE 50 CEEHAHHT, BIF13 5] Cu,0@Mn(OH). & &1
B,
4.3.3 Cu0 EAWMIKAEFRLAY LN

(1) EEMIRSBRIHI&

L 5T B0 20%0 PA VTR, 14 40 g F50 HUANA 60g 21K,
FEOT TR /NI I8 5 (0 0 B0 . LR & BN 2%0) Cu20@PDA 414
BRITHUK, B 0.2 g Cu20@PDA E &Ik AR INAF] 9.8 g oK 4FEH, T4
PE1S3] Cu,0@PDA 73 Hi . IC & &> HU0N 2% Cu0@Mn(OH), 2 & ik 7>
HGR, B2 0.2 g Cu20@Mn(OH) E & TMERM AR IIAZE] 9.8 g ok LEEH, 785040
P33 Cu0@ Mn(OH)2 73 B -

(2) EAWMIKEREEL ERNA

Kidvid A aRe s 5 TES B, BhEaaRegYRE
EE OPA WL REEBEMATT 100 °CTHE 1 min, ARG EHLR IR
Cu0@PDA HE & MRS HOR, W/GH#EHMAE T 100 °CTHE 3 min, HIfE2
Cu,0@PDA 25t ta ik 4 234 .

Cu.0@ Mn(OH), & & g5t il £ ) L.

434 MK 5FRAE
43.4.1 MEEERIE

Z I 2.3.3 Ml 5 &AL
4.3.4.2 SAEWK TR

KA AR A, TE Cu0 Gty AWt R . % 5 cmX5 cm
[ Cu20 L5t 20 [E & T 400 mm X 400 mm X 300 mm %5464, HX 100 uL
VAV T 3R 3R 1T, F B R OB T B AR R R, FERE A R
17— BN TR0 FR RS TR S s N 3850 /0 A . SR 300 WIS UV KT BEAFIIRE 10 em
ALMR ST 72 h, IR S S A A A R R A AR, AR () BT
R 5L

.=
LI S:

R S

Co—Cy

A=—"—" (22
s
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LR R A S

A A ARG B LAY CE R, A ppm/icm?; Co Ml
MR B R BN ppm, CLOAZRWIE S &, BAh ppm: S AL
VIR, HALA cm?s
4.4 BR5TR
4.4.1 Cu;0@PDA E& 45N
4.4.1.1 Cu,0@PDA £ & EKFEAE
(1) £I9hIgaRAE

3% Cuz0 Al Cu,O@PDA kAT LLAMIK, 25 RN 4-1 . #isk
HZE7E 631 cm™ 4b R IENE, XN Cu0 H Cu-O HIffiEiRzhIE, iR &
Bk S Cu0, {H Cu20@PDA HiZE 631 cm™ &b [HFAFIE I 55T Cuz0 Hh
2k, FH Cu0 KIMHT PDA M T HORIIEREEFRR. PRI GiE Lk
HIfEAE 3200~3500 cm™ Abf 2 ks (-OH) B4giiRahE, £ Eikd e
TE % (-NH2) R 4 PR 3h 7E 3100~3500 cm™, {#7% Cu,0@PDA & & ER 4 4k
6T 2 3450 em ™ Ak iR I AR BE AR K, BEHH PDA S ELE TE Cuz0 (R T .

Cu,0
—— Cu,0@PDA

3395

n | L 1 | L 1 L 1 n 1 L
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (ecm™)
4-1 Cu0 . Cu,0@PDA FHERZ i
Fig.4-1 Infrared spectrum of Cu,0O, Cu,O@PDA microspheres
(2) Cu0@PDA E &MEkRE RIERIE
KH XRD %} Cuz0 #1 Cu0@PDA s Y A BEAT RAE, 45K 401 4-2 fir
Ne HEEH Cu0 BFHERYE 20 = 29.6° . 36.5° . 42.4° | 61.4° . 73.6° Al
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77.4° ACRHFAEATEFIE R R T (110). (111). (200). (220). (311)F1(222)f) & T ,
5¥r#E Cu0 HdlE (55 JCPDS05 - 0667)4Y)& . Cu,0@PDA E &Ik Cu0
FLARERIY XRD 7 B0 — 8, R A, BEAHI& ) Cu.0@PDA KAt
Cu20 H gk S AH 5 A B AH VL G

Cu,0
Cu,0@PDA

(1

(200

(2200 (31D
M‘d‘(’lwl =

Intensity(a.u.)
Intensity(a.u.)

10 20 30 40 50 60 70 80
20 (degree)

K] 4-2 Cu,0 . Cu,0@PDA 7Bk XRD i
Fig.4-2 XRD pattern of Cu.0, Cu,O@PDA microspheres
4.4.1.2 Cu,0@PDA B LY i fE
KM 202 nm A1 246 nm ] Cu0 HghER S 2 (% R AN A JBE /K B 45
Cu20@PDA B & WERIFAE B k2 W) L AR t, Z5R I 4-4 Fos.

i
]

20+ gm X

(a)®[m ! (b)
~16 | [N ~12
= ] =
& g
£ £
S8 2
= = 6
L] P

N

/\/ B!
400 450 500 550 600 650 700 400 450 500 550 600 650 700

Wavelength(nm) Wavelength(nm)
4-4 A[FKifE Cu0 Fl PDA BE/REEA5 M (a) 202nm Cu0@PDA [ BE R LU 25 14

(b) 246 Cu,0@PDA A [AlBE /R Lh 45 # 1
Fig.4-4 Different particle size Cu,O and PDA molar structure color: (a) 202nmCu,O@PDA

different molar structure color; (b) 246Cu,O@PDA different molar structural colors
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WKl 4-4(a)y 202 nmCu.0 ¥k 5 2 EfiL, %M 3:10 A1 6:10 [ BE /R LL i
%1 Cu0@PDA E &4, WEZEKARMELR, SEaBiehitnsg
A8k, I 4-4(b)y 246 nm 45K Cu0 HfbEk 52 B, I8 3:10. 6:10 A1
9:10 ¥ BE /R Ll % ¥ Cu20@PDA B &45Mth, Bl 2 BRI R, g
B I AR S TR, 2 LB K3 — i, diMEmBie iy Ba. &
X Cuz0 B RS 2 LA IR B2 & LUl IR 78, e LAl oA 6:10.

KPR E R RL G & E G, 2R mE 4-5 fin. WK 4-5@)FiR,
KM 202 nm 42K Cuz0 HghEk 5 £ L% 3:10 F1 6:10 AT E & )5, RAUTARE

(FETE) IRk (7% AT ERIH &, SR, KBRS % 0
L EYIBEI S BUEEEH, R UTARES & A G B %R . &
A REARFEGE A5 3L FERAR 2 AR, SRR N
712 nm. 894 nm A1 955 nm, Wi 4-5(b)fir, RHAX=FFiZN Cu0@PDA
A ER R TURR T R i i) 4 S5 A0 €, SR WS SR vk i) 4% 1) 45 40 e B € 35 5
TURE S & WS B M RIS . GEALE) . Hk, A58 R At
154 Cu,0@PDA H &4kt 4.
() — —

Kl 4-5 PURE SRR 45 4 (2) 202 nm Cu,0@PDA Al B /R Eiiftid: (T
FWEiRyE Off) diktadils: (b 712nm. 894 nm A1 995 nm & AHERUIRE ()
MTR% 7)) S5t a5
Fig.4-5 Preparation of structural colors by deposition and spraying: (a) 202nmCu,O@PDA
different molar ratio deposition (round) and spraying (square) structural colors; (b) 712nm, 894nm
and 995nm composite microsphere deposition (round) and spraying (square) structural color
preparation
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StH 657 nm

955 nm

400 450 500 550 600 650 700

: Wavelength(nm)
K 4-6 ikt S R () AFEBIGEHORYEIR A () ARG G

T e
Fig.4-6 Structural color reflectance test: (a) digital photos of fabric with different colors; (b)
reflectance curve of fabric with different color structure colors

KR BHRVE R & HAFAFBIE R Cu,0@PDA £ &4 Htdly), KBNS
SRR 4-6 Fos. RAIARIE S S, [ 7 NFAFRRAR R E S5
BR, 4rH)°N 657 nm. 712 nm. 783 nm. 799 nm. 894 nm Al 955 nm. 41K 4-6(a)
FiR, & REISFRFERIAZR Cu0@PDA R AMER, 1FAGKL ERIIEEIN
PN R ) S5 R 0, P X 1) 3 B0 AT AE S A s (2 [A], R R F) S S 26
il 4-6(b)fs. H49K Cu0 HLFEEREHY o S RAFRI R, Cu.0@PDA &
B R GE K B S Al 2 e FE R e, TSR S, U A G A A
JERUIR.
4.4.1.3 Cu,0@PDA £5#5 t LT SR 4FE

KR AR LS O (G A TN 45 K (o S (M SR T O R AT L%, 452
i 4-3 pros. B 4-3@) T LKL, RAMFH B ERLREDCE. B 4-
3()~(HAT7R, FHRifEAN 657 nm ] Cu,0@PDA & & BRI 5 [ 45 Kyt 21K
F SEM WEEARFEEUMIESL, Cu0@PDA & MERA/INAE], I HIKE
W AfELT e R, REIHEETLF Y, 57 agashaKEaFA
[F], IXT]REtH & Cu20@PDA 4544 234 52 IR e — P 68 TG MR RS P JiR A
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10.0pm 5.00pm

1.00pm 500nm
I

Kl 4-3 RRMGHL W EAMMMWENR: (2 REHEMAGKL (X5 ; (b)) G
Cu,0@PDA Z5#Jta g (X10000) ; (c) X30000; (d) X50000; (e) X80000; (f)
X'100000
Fig.4-3 The microstructure of fabric with different multiples of structure color: (a) untreated white
polyester (>6k); (b) green Cu,O@PDA structural color electron microscope (><10000); (c) ><30000;
(d) x50,000; () x80,000; (f) 100,000

4.4.1.4 Cu,0@PDA 519 LI RESRAE
(1) B
XF SR A REAT BEE IR REIA, SR AN 4-7 AT 4-8 P

30 50 100

30 50 100

4-7 5Ky ) BE DI

Fig.4-7 Structural color fabric friction test
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Fig.4-8 () the reflectivity of black and white polyester fabrics before and after friction; (b)
reflectance of structural color fabric before friction and after friction with black and white
polyester fabric
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Fig.4-9 Structural color fabric washing test: (a) digital photos of structural color fabric before and

after washing; (b) reflectance of structural color fabric washed at different times
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Fig.4-10 Structural color fabric washing test: (a) digital photos before and after structural color
fabric washing; (b) reflectance of structural color fabric before and after washing
XA R AT KGRI, S5 SR K 4-10 P . WKl 4-10(@) s, 45
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AR I R EE. HE 4-10(0) 7R, WREERT S 450 VI RO 3 2 — 5L
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(3) BSMEMIK
XA Y BEATE AN, SR K 4-11 Fos. Wi 4-11)Fw,
pH RACTE R AL ER I 1 (B 5 L IR T AR R D 1s. anf 4-11(b)Fis, pH iR
ACIE S U R (AR (Al IRy 250 S5 REH, S & MERG R I Bk
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Bl 4-11 BN (@) BEBResw); (b Sl adiy
Fig.4-11 Breathability test: (a) white polyester fabric; (b) Structural coloured fabric
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Fig.4-12 Bending test: (a) digital pictures before and after bending of structural color fabric; (b)
reflectance at the crease of structural color fabric
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N 23.26%F1 38.57%. 4 Cu20@PDA H A BRI G 30 min B, X}
S VR B ER A AR AT B A B 2 9 99.12% A1 99.15%, AbFE 60min B, X
G B CE T T BR B AN K TV AT B8 P00 BT SR 518 51 100%, Sk 47T B A R A0 ) )
4-13 (b) flin. 45K, Cu,0@PDA 4i#y W) B L5 P B L RE .
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K413 Hrmdllik: () WA (b FURHME. REELY. it WL 30 min
160 min [ AR
Fig.4-13 Antibacterial test: (a) antibacterial rate; (b) untreated bacteria, untreated fabrics, and
structural color fabrics were treated for 30min and 60min
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Fig.4-14 Infrared spectra of Cu20, Cu,0@Mn(OH). microspheres
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Fig.4-15 XRD pattern of Cu,0, Cu,0@ Mn(OH), microspheres
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R A2 ) 4% H DU AR [ 1) Cu,0@Mn(OH), E & 45t g, Hik
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Fig.4-16 Structural color reflectance test: (a) digital photos of fabric with different colors; (b)
reflectance curve of fabric with different color structure colors
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Mn(OH), £5 i) B4R (X 10000) ; (c) X20000; (d) X30000; (e) X40000; (f)
X 50000
Fig.4-17 The microstructure of fabric with different multiples of structure color: (a) untreated
white polyester (>6k); (b) Cu,0@Mn(OH); structural color electron microscopy (><10000); (c)
20000; (d) *30,000; (e) >40000; (f) X 50000
4..4.2.4 Cu20@Mn(OH), £5#5 & L4 1M e SR AE
4.5.3.1 7KFEEE MK
XF G5 R A REAT KB AR BE R BE K, 45 R A& 4-18 P

K 4-18 KB BEMA:  (a) Kk (b)) ki

Fig.4-18 Washing fastness test: (a) washing; (b) rinse
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Fig.4-19 Bending test
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Fig.4-20 Breathability test: (a) white polyester fabric; (b) Structural coloured fabric
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Fig.4-21 Antibacterial test: (a) antibacterial rate; (b) untreated bacteria, untreated fabrics, and
structural color fabrics were treated for 30min and 60min
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Fig.4-22 Photocatalytic performance test: (a) The photocatalytic formaldehyde residue curve of

Cu20 structure color with a diameter of 202nm; (b) The amount of photocatalytic formaldehyde

per unit area of fabrics with different structural colors
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PIIFAAIE S PERE, 75 60 min AL FIE T 45 €551 % BR B A K T 14 0 1 20k
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