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Fig. 1 SEM images of T-ZnO, n-Ag@T-ZnO and n-Cu@T-ZnO
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Fig.2 XRD spectra of n-Ag@T-ZnO and n-Cu@T-ZnO with
different nano Ag additions
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Fig. 3 XPS spectra of n-Cu@ZnO: full spectrum and Cu 2p high
resolution spectrum

ZE PR, I8 DK A I B AR T 45 R g AR s D
% T n-Ag@T-ZnOFIn-Cu@T-ZnO % R 244k 4l K 44
Bl PIRRTET-ZnOR HI MM AR A2 LR, JIRTET-ZnOK
TR 32 B BB, (AT R 20 S A0 A2 B CuO .
2,12 Z R EARACCNTsGRGTR R il %

T R AR T M R B T R G RUAIE SR B TV
1l 28 G AR AN AR e Al 5 1 1) 2 ROBE QK BL B AR
Xof B 2 AR ROW T SE AT T RAE, 45 Rl 457
o HIE 4 TEMRAESS R v LUE BICNTs R AR K
KARL, A4 sett Ja HR T 3 5 a0 A R AR AR H /N
PR AR B K BURL, 40 KAR 1T K42 92,6 nm,
YRR 1)~ AR 934 nme

I XRD XA i i A 25 K AT RAE B 5 R i 5
Fime MBS (@) RAFAgIEPFICNTsHIXRDE
P DL H4 wt% n-Ag@CNTs. 7 wt% n-Ag@CNTsAHI
10 wt% n-Ag@CNTsAHE T BRAL AR A9 K B 73 7l £38.1°
44.3°, 64.5°F177.4°HH I 1 A BTAR I RFAEAT S04, i A
H AR T B B RUTRE G N, RS
RRAE VA B 34 0, FLARFAE VA (B 5 CN TSR AE I AE 1)
oAt AH 3G I, BEBHDURR A BT . S (b)
R F Culi A & n-Ag@CNTs [ XRD B Al LLE H17
wt% n-Cu@CNTsH110 wt% n-Cu@CNTs7E36.3° B 1
AAGTEA R (111D @ PRHEAT S g, X R B Culil
FTCNTs b, HA 4 3 2 VR A TE XA E . 4 wi%



40 R

2 20194F

n-Cu@CNTs¥ AT 7 H AR KR AT 1, T RERY
5 DR e ) R B>

(a) CNTs

(b) n-Ag

(¢) n-Cu

K14 CNTs. n-Agln-CuZfbilthh )5 IICNTsIE S L7 g iy
Fig. 4 TEM images of CNTs and n-Ag and n-Cu modified CNTs
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Fig. 5 XRD patterns of Ag@CNTs and n-Cu@CNTs with different
deposition amounts
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Table 1 MIC value of n-Ag@T-ZnO with different Ag
deposition volume

ARG FRE T R A KDL (mg L™

B b

1 000 500 100 50 10

T-ZnO o o . . .

0.2 mol% n-Ag @T-ZnO o o ° . .
0.4 mol% n-Ag @T-ZnO o o ° . .
0.6 mol% n-Ag @T-ZnO o o o . .
0.8 mol% n-Ag @T-ZnO o o o . .
1.0 mol% n-Ag @T-ZnO o o o ° .

TE: o KA oMK, ol AMELK

A, X % FIn-Ag@CNTs Aln-Cu@CNTsHE
fEAT T MICHIAS I . n-Ag@CNTs[{IMIC 256 45 -4
% 308, CNTs & ERALCNTsRIMICHH & -S4 T th vk
FE750 mg/L, TUTTRAKE G TR PERE RIF, 4 wi% n-Ag
@CNTsFIMICIE AT 100~200 mg/L2Z 7], 7 wt% n-Ag
@CNTsHIMICH A T75~100 mg/L, 10 wt% n-Ag
@CNTsHIMICZIH50 mg/L. HIgh k4R 44 1k ek 1
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#* 2 ARICWUTIEHn-Cu@T-ZnOKIMICIE

Table 2 MIC value of n-Cu@T-ZnO with different Cu
deposition volume

AR EERE TR A B AR KB (mg L)

B
1000 500 250 125 62.5
T-ZnO o o . . °
0.2 mol% n-Cu@T-ZnO o o ° . °
0.4 mol% n-Cu@T-ZnO o o ° . .
0.6 mol% n-Cu@T-ZnO o o o ° °
0.8 mol% n-Cu@T-ZnO o o o ° .
1.0 mol% n-Cu@T-ZnO o o o ° .

T e REANEAK, obBMEAEK, okAUMEEK

®3 TREIAgNHAENN-Ag@CNTsHIMICHE
Table 3 MIC value of n-Ag@CNTs with different Ag
deposition volume

AR BER F AN KA (mg'L )

Bt
250 200 100 75 50 25
CNTs ° . . ) . °
fR{L.CNTs ° ° . ° . .
4 wt% n-Ag@CNTs o o ° ) . .
7 wt% n-Ag@CNTs o o o ° . °
10 wt% n-Ag@CNTs o o o o ° °
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KA 5 B PR RE BT, 4 wt% n-Cu@CNTs{IMICTE A
F500~1 000 mg/L 2 [d], 7 wt% n-Cu@CNTsHIMICIH
A F250~500 mg/L, 10 wt% n-Ag@CNTsHIMICZ] A
200 mg/Lo

Fz 4 FEICWRFEHN-Cu@CNTsHIMICE
Table 4 MIC value of n-Cu@CNTs with different Cu
deposition volume
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Table S Selection of coatings applied to aluminum alloy surface

Y o
WERE W ﬁiﬁf’ T y——
REBE & 1 =50 <1 <7
HE AN 7 40 — .
PR AUR R _ _ _
ST 1 =50 <1 =20

TEIE S o2 AE b, 4 B AN R & B Hn-Ag@
T-ZnOAIn-Cu@CNTsE N B iRl , @I wiR g 241
WEAERE, LMWK 6F~. W iin-Ag@T-ZnO
IR Z I A R84, W Iin-Cu@CNTsJG i )Z 1)
BB A A BN T RIES, FERINE R B
AR . BT LA BUn-Ag@T-ZnOfE R & 4 R it 3 2
LA

B R R B PURE MR TR, IR AR
IR A SRR Z PRI IR 6fR.
PR A Wi, X R L AL R B R (PR
RERILFI90% L b, BEEUE S ERIEM, HiE
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(a) 1 wt% n-Ag@T-ZnO

(b) 2 wt% n-Ag@T-ZnO

(¢) 3 wt% n-Ag@T-ZnO
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Fig. 6 Digital photos of aluminum alloy surface coating with different
contents of n-Ag@T-ZnO and n-Ag@CNTs

*o6 MEFRNENBSERERENELENZITE
Table 6 Effect of antibacterial dosage on antibacterial

properties of aluminum alloy surface coating

PUR S/ X G T RPN
(wt%) HREPUHF/ (%) THFE (%)

1 94.9 943

2 97.8 96.7

3 99.9 99.9

PR MPTR A & IR JRE 25 =7k AL
BEAT T LA B EERE SR A I, SRR TR .
A LLE SRR G IR EX AT . O L R
HABIFIIER

®7 BASRENEARMERSMEQNLE
Table 7 Combination antimicrobial properties of coating on
aluminum alloy surface

BE&, T A n-Ag@T-ZnOF5 21 (4 AR % T4 1
n-Cu@CNTsHIFE A 5 48 . BRI Fn-Ag@
T-ZnOfE N EEFUE Ry, Hl# R RGBT %

*8 WESRAMBEARGAMEERNER
Table 8 Comprehensive performance of antibacterial coating

on aluminum alloy surface

F i Eiztan S ghig AT HE
W F1/2% <1 1 &% GB/T 1720-1989
ZFPE/mm <3 1 &% GB/T 1731-1993
firf i P /om 50 50 &M GB/T 1732-1993
) o G RS
it ZALP/700h - To R R &4 GB/T 1865-2009
) e ORI R
it K P/ 20 d FE FRALET & &% GB/T 1733-1993

F9 MENETZRINENIFHEXFTLHBINIRFm
Table 9 Effect of antibacterial treatment method and

antibacterial agents on appearance of aramid fabrics

AbFR T PUH I el FK
= ERE — PSRN TR
n-Ag@T-ZnO  KHE E
BT
n-Ag@CNTs K FE
_—_ n-Ag@T-ZnO  KHE O, RHAER
o n-Ag@CNTs  WHKE BB, REHEH

KRBT R, FAS R0 B 77 & 2 B e 771 ik
PR 55 AT EAT DU AL, R AL T G S
HERBE AR AT B PR PR R 45 R 0k 10fTR . &0t
PEAIEE, HemEERENIEIE, YEEE
FI3 wt%oltf,  FHXT KT i T B 21599.9%

L MREE (BIHFH [ (%) o A v
B
Al 9999 £10 REARMENEAAHEL NN
X N GB/T 21866-2008 .. . . .
S B ] A BR R 99.99 W v Table 10 Effect of antimicrobial dosage on antibacterial
AR 99.99 properties of aramid fabrics
N R GB/T 24346-2009 PUBH I/ RS E AN e RIS xR B
AU AT 0 - (Wi%) HLES (%) FUBE/ (%)
1 95.8 94.7
K A3 PR S IR E NSRS TR REREAT TR 2 978 975
W, S5 RN 8PN WEMMAE g, FUER 3 99.9 99.9

I mm, M550 kg-em, A LZ46700 his H B
W RVE. TFRERFEIG, WKMENK20 dR
L, RV, FRERTFIER, RPURZLEEMERRE
222 ZRERMGURERIE DT LA LR

T 21k FH /D 5 A DRI R 3 BRI 0] P ) % 22 RUBE
BT FIBEAT AL EE, AR5 5 AR R AR L2505 4
AR TR S, 45 REE 9. BEH Ik
T ZARX T Wi LA GBI FHEAN G B

|=0A
52

Xt TR A B DT R ATEAT TR K PRI, 25
W VIR . RM3IRE PUR T 28 A7 DT PE B
BLE MR, DURRKIR IR FFAE99% LA L, UL BL R 7
HA R K.

K PITHIAS (R TU IR 57 28 A5 38 28 55 = T AU LA i
TUAERI B LR S EREHEAT TR, SRR 120R. &
LG AT TT AR AR R . O R AR A
BAFHITER
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® 11 HEFLHREDKENRER
Table 11 Water resistance performance of antibacterial
aromatic cotton fabrics

KA it 4 3% €3 2 BR X KA
TR BPIEZE (%) PR/ (%)
1 99.9 99.9
2 99.9 99.9
3 99.9 99.8

xR 12 MEFLHIEREMEREENER
Table 12 Combination antimicrobial properties of as-modified
aromatic fabrics

o PUREUEPVDE R I X 1 7R 240 3 2 %5 11 0 B AT B0
IR .

*14 HMEPVDFRAEEEZKMEN A MEMIRER
Table 14 Water resistance performance of antibacterial PVDF
resin based wallpapers

T S o AN o
: 99.9 99.9
) 99.9 99.9
3 99.8 99.7

G D MER (BEER 1 (%) Ao A1
PNI7LE: ) 99.99
S B EBR 99.99 GB/T 20944.3-2008% %1%
A SERE 99.99
- GB/T 24346-2009
BRI
o A K LA 0 B Mk

# 15 EPVDFRERERINET B 4 RERMIZER
Table 15 Combination antimicrobial properties of as-modified
PVDF resin based wallpaper

223 ZREZRMWHIRFI/EPVDEWM g F 1% R 7

¥ PVDF I i B J5 43 A TN K OH & B /7K
H, ARG E T60°C T B30 minB 13 F 35 1b 41 % B
fh, BEJE P 780K B2 2 RKOH,  fitJa T1545 2 & 1
FALIIPVDFR R #5354k (P VDFR R i 76 H1 1 &b
¥, 7E60°C FMRHE2 h/F4d Z i TS B R Mm%
B F 0 B AR PVDER FERE fh

SR FH U v ot %A% ot 3R AT B0 B PR B A, &5 S
F 13K, Gl KOHANHE AR 5 36 T (BT B R A AL
FARE BB, HLA0 R 26 B A 52 A0 FEK OHAK B (1 31
KM FEAG: T KOHALHE 5 7 285 470 1 1) AL B2 (1) PVDF
WY I 2 TGS 4 35 6279 % 3K 81 A0 K T T B R B T 6 38 K
F99%, BB B 771 A 70 1 1 B 0 B R A .

R 13 LB EXPVDFRAEEEE K E M RERISNT
Table 13 Effect of treatment process on antibacterial
properties of PVDF resin based wallpaper
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Study on Multi-Scale Hybrid Antibacterial Agents Applied on
Spacecraft for Microbial Control

ZHEN Hewei, XU Xiaoling, LI Guo, ZHOU Zuowan

(Key Laboratory of Advanced Technologies of Materials (Ministry of Education) , School of Materials
Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Microbial control is unavoidable in manned space activities due to the participation of astronauts. It is difficult to use

traditional methods such as spraying organic disinfectant and ultraviolet sterilization which are often used in the ground for the

microbial control on spacecraft. A feasible method is to apply inorganic antibacterial agents with excellent comprehensive properties

by combining the synergistic effect of nanotechnology and hybrid structure coupling to spacecraft. In this work, multi-scale hybrid

antibacterial agents are obtained by hybridizing n-Ag and n-Cu on T-ZnO and CNTs respectively through thermal decomposition of

precursor and reduction of metal ions. The application of multi-scale hybrid antibacterial agents in aluminum alloy, aramid fiber

fabric and resin are investigated by means of surface coating, immersion method and activation grafting. The antibacterial rates of

the three matrix materials against Escherichia coli, Staphylococcus aureus and Candida albicans are all up to 99.9%, and the anti-

mildew levels against Aspergillus niger and its spores are up to 0. The modified materials have good aging resistance, water

resistance and scrub resistance. This method can be widely applied in the aspect of microbial control in deep space exploration.

Key words: microbial protection; manned spaceflight; antimicrobial; inorganic; hybridization

High lights:

e In-situ synthesis of nano-silver and nano-copper on T-ZnO and CNTs with their own structural and functional advantages
(antibacterial activity, high adsorption, etc.) can significantly improve the antibacterial activity and broad spectrum of nano-materials
by hybridization.

e Aluminum alloy coatings, aramid fiber fabric and resin composites with excellent antibacterial properties and good comprehensive

properties are obtained through the application of the as-prepared muti-scale hybrid antibacterial agent.
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