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GBI, £ Agilent 247,
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2.1 AgNPs-AC EEM KA HRAIRIE
2.1.1 FESAH K 1a~o) Fran R E 0.05g/mL, 1% k5% ¥k B 0. 055g/mL., A [F] 5 & 43 % i
EVOH(7.5%.10.0%.12. 5%) % W AgNPs-AC B &4 SEM K%, MNIEH Al LB S, %5 44 4%
V18 T R 5 A Sy = 248 ST A AR 25 4], 25 7 i () HE 51 2% L U % 5 B 2 48 14 45 1 [ 280 0 A G 3. ot
4h, AgNPs-AC E A& L4 AR A 7E 750~1900nm Z 8], B4 M AN L e i 450 . P 1 rfak o] DAL
B, R T AN TR R AgNPs, Ui AgNPs U)Kt & i 2 G e 4eny R . 28 LT
W% AL B A LS PR e e

WN0 X/ D

1 AF EVOH &35 K AgNPs-AC & & £F 4i i SEM [/
()7.5% 3 (b)10. 0% 3 (c)12.5%
Figure 1 SEM images of AgNPs AC composite fiber membrane with different mass fractions of EVOH
(a)7.5%;(b)10.0%;(c)12.5%

K 2(a) /& EVOH JRF 350 7. 5% AR W E 0. 03g/mL IR R MR BE 0. 02g/mL XF B (1) & A £F 4 (1)
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TCEBLI GRS AR R M, MeAh 72 1% 3R 10 43 A A /D i A AR BURL U8 BT M o 5 4R B0RL 1Y 7 4 2
CIETA IR
2.1.2 TZESHOHT I Image] BCIF XA 6] 44 K 2F 4k (9 42 DU 5 L 43 BT AS 5] 2R G W Wk 35 o) &F 4k B AR
RZ . FEl— EVOH Bt /50T, B 4 BroR i  [R)6 M e vie BE X 0 5 & 4F 4E B i) SEML RS &1 5 i
7 R AN TR BV B N O B AR AR ) SEM MR . 25 T 4 I 5 UL B Bl I 14 vk BBE 5 R MR E Y B O, &1
Y HAR B WG K,

ML 6 KB4 EVOH M50k 7. 5% 10 % Fil 12,5 % AR W 0. 05g/mL B, B 25 7%
PR R BE 3G K, B G R e BB B 2 3G K. 32 DRy & 2280 b I8 03 M R S o8 A5 VT % TR 1R i
FIHEIN 7R 6] — ¥ 35 3 AR VR FH T, R e 1% R 32 0 55 (A5 £ 2 ARG K
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T Element Weight % Atomic %

CK 52.94 70.39
OK 12.28 12.26
AIK 28.22 16.71

Agl 1.56 0.23
PtL 499 0.41
2 ﬂ\gl Agl |
094 141 188 235 28 329 376 423
25.0K
2k (® Element Weight % Atomic %
SO0k s CK  63.71  81.25
175K OK 12.96 12.41
: AIK 8.07 4.58
15.0K AgL 8.77 1.2
12.5K K PiL 6.49 0.51
10.0K
7.5K
5.0K
2.5K
0.0K

020 061 102 143 184 225 266 307 348 3389
KBl 2 AgNPs-AC Z G4 E EDX B . (a) £ 48 i SEM &5 (b) bR e 45 1 EDX Bl ()45 5E 55 2 EDX K
Figure 2 EDX of AgNPs-ACcomposite fiber membrane
(a)SEM image of fiber membrane; (b) EDX of calibration point 1;(¢) EDX of calibration point 2

(c) Ag

20pm

B 3 #r AgNPs-AC EE L4 ic £ M4 : () C, (b) O, (o) Ag, (d) Pt
Figure 3 Elemental mapping of partial AgNPs-AC composite fibers:(a) C, (b) O, (c) Ag, (d) Pt

M 7 WER L 2 EVOH W48 508 7.5% 10 % A 12. 5% . 3 PE R M BE 4 0. 015g/mL i,
RV B X 5T A K £ 1 T 2 AR R R [ DR R R R O N, 4 K R BURL7E AgNPs-
AC 5 A £ 2 B3 18 9 55 3 5 00 K, A0 R AR B0RE 1 B 19 5 el P 2 3 SO0 T A 1) R 3 K 5 AT 8
T A5 4 AR K.
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SSum [

B 4 KR[E AC ¥ E ) SEM K&

Figure 4 SEM images of different AC concentrations

K5 A Ag #E K SEM [&

Figure 5 SEM images of different Ag concentrations

LR 6 MIET 7 A B EVOH 5 ik 73 Bl s o 4 X0 52 45 27 2 ELAR i ok . X 2
EVOH 12 27 223 19 32 235 57 Bt 35 FC e B8 1) 30 O i 1 9 0 M9 0 A0 G i 0 394 o 7 P 2 e v 2 R
PR S I8 Y 7 e Tt o TS R B 2T 4R AR L, AR L 3 ) B R AR AR AR R L Y
AR B 21 4 AR BOKR .

—— 7.5%EVOH V- 1112 1.8¢
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FI6 AR AC v BEET 4 FLAR S A1 P 7 I Ag v BEST 4 TR 5 A I
Figure 6 Diameter distribution with different Figure 7 Diameter distribution with different
AC concentrations Ag concentrations
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2.2 AgNPs-AC EGHAHFEXT Cu( I ) A9 WK B £ 36

AgNPs-AC & A 40K 21 4 R 11 W B R 8 ik W B0 i v 5 4331 2 105.90.60.25mg/L (19 CuC 1)k
AR . Yan 5 0F 9T % BL L A6 B IR E T L 450 K A0 40 R R B0RE OB 1) 25 5 W BT . A R T8 ok & & 2F
HE WL BE Ty . AN T pH A AR/, B AT 2 4 JE B T 0 W B AR T RGP OR A SR R A% 1R
T gk m &Ik BRI G T REA R L s W L A AR B S H RS e g w7 R
&R TR YE B F AR R AR SR BRIRE R 45°C (pH S 8 BYAHE T X CuC I dE 47 W B 52
¥, AR LT AgNPs-AC H A 9KEFAEREXT CaCll) AW R 2% e 25 S an &l 8 i , Hod il A b
TF it 42 TR1 R S MR 4 2T 20k RS 11 4 IR o A3 I 194 216 I WP i 44 199 5 — 28 EVOH. 19 5 i 43 850 56 =4 3%
TRARVE B 5 A RN TR M MR

100

FPP PP E P&
NN S R SRS
ST FFFFTFSES

X
ol NG Q° IND X IND Q N
P N R AN SNy

A2 AZ AR N NN o

K8 4 AgNPs-AC & & LGRS CuC Il ) B0 B 2 53 A 141
Figure 8 Each AgNPs-AC composite fibers membrane for Cu( Il ) adsorption rate distribution

MIEL 8 T LAA B EVOH JBH 70 80 B M EE L35 1 ¢ e B A [R) Ik L 322 52 & 25 4R X Cu CIL ) B 182 R 2
BAFTER K2R . 75 EVOH RN 10% 40Kk T8 i 0. 05g/mL & PE S BE N 0. 085 g/
mL i, AgNPs-AC &5 QIR EFAE BT CuC LD Ay 0 B R fe A, FEWR B 3258 1) 94. 0706, PRI L 25 45 W T
75 #E3X Langmuir (A0 3) Al Freundlich (22X 4) %5 7 il 2k #0045 52 56 85098 0 BT iz ik B T b T 19 52 & &7 4 Jigt
X CuCll )E‘J%Kﬁ'*ﬂ}iuﬁm .

c. C 1

ey (€))
q. Qm kLQm
1r1qc:1n/eF+ilnCC 4)
n

Hr,Q,, HE KWK (mg/g) .k, A Langmuir V- % 50, k. i Freundlich V1% %5, n 5 WK &4
KR C, N B (mg/ L) . q. R FH W (mg/g) .

531 Langmuir W FE45 R 2k  Freundich W HE5 RS AgNPs-AC &5 98K LF 4B B CuC D)
(S B A5 R L FR 1, Hidh I/ 9. & 10 43 %k Langmuir, Freundlich Wi/ (9 25 iR 2R &, 6 1 AW
TS 75 ) R B S TR S

ML L S T, AgNPs-AC &4 £ 4 B B CaC DD A 2 RS2 10 5085 5 Langmuir #5IW) & K
L HARER R H0.9573) . M. LKL Freundlich Wt 45 IR R BRI R ITRC . R <C0. 9, #
W] AgNPs-AC & G £F 4 BB Cu D B ) T 50 2 W B . PRI, AT IACH Langmuir #2816 Freundlich
A 3 S iR AgNPs-AC B &£ 4 Xt CuC ) R . sbsh, N3 1 AT LA F|, Langmuir 455 A
PSR, CHH0<R, <1, AF R, =>1)KI{H Ky 0. 05, % W% W B & 0 & A A 89 05 1 & g, HL
AgNPs-AC & A 2T 2k W R e (57 A5 19 23 A 55 kg 245900
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Table 1 Adsorption isotherm parameters of the two models

SRR SR WG E C, (mg/L) ZHUH
Q. (mg/® 6.9142
2 0.9573
Langmuir &% IRfI’ 20~110 0. ;5
ky, 0.1629
ko 163. 24
Freundlich %% R*® 20~110 0. 8912
1/n —1.28
12.50 3.5¢
10.00} 30
| 2.5¢
= 2.0t
5 7.50
a L (@] 1.5+
=
o 5.00F 1.0} .
s 0.5+
2.50+ 0.0}
| *
- o *
0 16 32 48 64 80 96 TUU18 24 30 36 42 48
C, (mg/L) InC,
K9 CuCll)BY Langmuir W25 R 28 0916 & & 10 CuCIl )Y Freundlich W& B &5 2 £k 9 #1& &
Figure 9 Cu(lIl) Langmuir adsorption isotherm of fitting Figure 10 Cu(ID) Freundlich adsorption isotherm of fitting

B 11 Ay A [a] 22 o Bk ) ek % o6 2 1940 52 e B 11, ] LA & B, Bl 22 b B TR) A9 4388 K, AgNPs-AC B & &F
2ff JIEE {1 VI o6 K R A G, L BE S B TR]FE 30 ~80min A [R] B IF , Wi Bff 338 25 fc i, B i W% B 3k 2R A 22 15, 3 &
Wit T 2% 78 240min B I BRF 36 AR 3K 2105 47 . 0] DLIACA 240min Sz W% B 1 i B[]

26

244

2t ¢

20t

gls-

E 16}

Qi14f

12}

10

8_

*

0 50 100 150 200 250
t (min)
BT B2 A s 1) X Cu I ) W B 1) 52 i)

Figure 11  Contact time of Cu( [l ) the influence of adsorption

2.3 AgNPs-AC RHIHE 48k
K I KA T AgNPs-AC X 4 3 (08 4 BR B AU P BTG P . FREL 3. 62 NB SRR A, I
A 200mL BTk, N S TE S pH EE 7. 2~7. 4,48 115°C & FE K 1 30min, I 7€ 37°CHEH — 4
e I, AR AgNPs-AC & A 4 4ERE A9 [ 25 (CELAR Smm) BT A [R] 5% 5% L &%) [ 16 Bt B 8 i 1 L #E 37°C
TEE 48h, 4riITE 4.8.12.24.36.,48h iX 6 > Hsf B s A48 B R A5 B0 XFIAD R PR EAR AN 12 FR .
TS 3 B AR G K 0RO A0 T A R 1 40 4 2 A0 B AN M BE R OGO 5 O AN R RE
0 240 S5 e g 5 G R A R L R AR A TR A KT NIRT 12 v IR F L AR AN K R B &R
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B YK LT AR JBE AR AT 100 T RIS, LB B AR /NS — e T AN 5 B A R IURE B9 2 5 G K T AR A B
MBER . B 13,14 43 5 g A [ ARV J3E R0 P o e 3 X6 400 o P 1 2 €T vl gt 4 R T 0 T B A AR Uk

Ca=d) Ay AN () 4 e B %o o 310 57 X 5 Ces ) S AN Ti) 376 2 0 e 88 4o I 3100 747 1XC
Figure 12 Zone of inhibition agains S. aureus bacteria by AgNPs-AC composite fibers membranes:
(a-d) Denotes the bacteriostatic zone corresponding to different silver concentrations; (e,f) The corresponding

antibacterial zone of different activated carbon concentrations

122+ 13.01

12.0} 12.8¢
g 11.8; E 12,6}
Ell6r ——0.02g/mL £ 124}
o 1L4} ——0.08g/mL Gl
@1 112l 115111 12.2+
% 11.0+ % 12.0
= 10.8} = 11.8F

10.6+ 11.6F

104 B i . L i 5 . L i . i ] ] 4 L L L |

0 5 10 15 20 25 30 35 40 45 50 0.000 0.030 0.060 0.090
18] (h) TEPERIKE (g/mL)
113 AR J3E 4100 TR 2R AR 5 i) 14 3 T ek JBE X 30 TR BR AR R )
Figure 13 Effect of silver concentration on Figure 14  Effect of activated carbon concentration
diameters of inhibition ring on diameters of inhibition ring
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JEEF) 3% T 17 49 O L I R ) ) S BT RS B4 A TR PR AR T G RO T . AR R B T Pk Y
DR A0 T B AR B S /D o 3K S DR g T M 0 5 e AR e A B AR A O RS A7 i 22 A5
I BRABURLIT A £T 4 PN S BOR S 7 2T 48 2 T A B UKL B Ul /b B S MR TR PR Y LR RN

3 it

AR SO — o o e 25 22 R 4 AgNPs-AC B ALY 5. R SEMLEDX 455 % R AF
ZE AR, K AgNPs-AC & A £F 4 1m0 A6, H 3R 4 A A K it 1 6 50K R TG P e 5
KL, I FLBE R e B 55 00 M VR B (G O £F e AR A B R T A

(1)AgNPs-AC & A £F 4 BT Cu (1) AW B S50 R B, 24 EVOH Jit & 73 80 1020, 4R Wk B R
0.05g/mL.{if P =W A 0. 085g/mL B, XF CuC IT) A W B 1 BE fic b, e = 35 3] 94. 07 %, Hi% &R & 41 4
XF CuC I AW B 45 A Langmuir £

(2)38 33 8 AgNPs-AC & A £F 45 B 1) Bt A M B8 & BUAR & & 19 3 2 2 08 1 10 1 0 A 8 O, 1
¢ JBE 358 R D) 2 00 ) 00 TR R AR I B R

25 b ik , AgNPs-AC &6 2F 4E LA O B A9 IR BP0 oA P g, BLIL P AR B 08 . I TR 53 7
ET 2R} 07 FH AT Cn g K st 308 L 11 B R e g ) EL A W A 1 R A (R O oK R R R Y
SeAfF o PR AL T — b R
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Preparation of AgNPs-AC Composite Fiber and Its Adsorption and
Antibacterial Properties

LI Hai-ning, QUAN Wen-wen, XU Chao”, WU Yue
(College of Mechanical Engineering s Xi'an University of Science and Technology, Xi'an 710054 ,China)

Abstract: It is an important problem that fabricating nano-filter materials with good adsorption and antibacterial
properties in the application of nano-fiber membranes in the field of filtration. Among the preparation methods of various
fiber and film materials, the electrospinning method has the characteristics of large specific surface area and high porosity,
which provides an effective idea for preparing nano-filter materials with adsorption and antibacterial properties. In this
study, the nano-silver particles-activated carbon ( AgNPs-AC) composite nanofiber membrane was prepared by the
electrostatic spinning method, and nano-silver particles were deposited on the activated carbon carrier so that a high-
performance filter electrospun composite fiber membrane with good antibacterial adsorption can be prepared. The
morphology and structure of the composite nanofibers were characterized by scanning electron microscopy (SEM), X-ray
diffraction (XRD) and other equipments. Besides, the adsorption performance and antibacterial properties of the composite
fiber membrane were investigated. The results show that the fiber diameter distribution of the prepared AgNPs-AC
composite nanofiber membrane gradually tends to be uniform with the increase of activated carbon and silver concentration.
Moreover, when the EVOH mass fraction is 10% and the silver nitrate/activated carbon concentration ratio is 0. 05/0. 085
(g/mL), the composite {iber membrane possesses the best adsorption performance. In addition, the AgNPs-AC composite
nanofiber membrane shows good antibacterial properties against Staphylococcus aureus.

Key words: Electrospinning; Nanofiber; Adsorptive property; Antimicrobial property; Functional materials
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