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Fig. 1 Schematic diagram of nanoAg/PDA/CF composite preparation
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Fig. 5 X-ray diffraction (XRD) patterns of paper samples
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Fig. 6 Thermogravimetric analysis (TGA) curves of paper
samples
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Fig. 7 Photographs of antibacterial activity tests

(h) nanoAg/PDA/CF£4&
FfS5KHTER

25 IZHHEHMRL

pH (E 53T 8 HAR K/ NS IEAH R (K18(a) ) o
2 pHE K 8.5 i, nanoAg/PDA/CF & 4 £F 2 485 45 2% [ 1
(R TR ) 0 BH P (< B €00 0 28 B T ) 200 TR )T T 1 8 e



Fl 542 2016,34(19)

2,

i Bl 22 O R B RSB I, nanoAg/PDA/CF BA LYk
ACAIPT A TR B WG 5, AR 22 L BT 4 Wk B2 125 mg/L I,
TP B AR (K 8(b) ) o S AF R HR BT &2 ¥R B oy 100 ~ 375
mg/LI, 55 AP AEARIN BT TR P R 2 VERG o . Wil G i IR AR T 1t
W FEARSEIE N, VDA PE AR AR S o, (E SRR R [, U

SCIENCE & TECHNOLOGY REVIEW

X T AW mAERE (K 8(c)). MEZIMHRA2 hi),
5 3 {5 nanoAg/PDA/CF 2 4 £F 4k 48 (1 41 1 M fe 5k (141 8
(d)o 24 FiREEE 15 nanoAg/PDA/CF B & £ 4 fe i 1Y
il 2500 pHAE R 8.5, Z2 P T Vi JE 125 mg/L, fiS PR R
JE R 375 me/L, Z B F RAHE 2 h, =ik,

30

—=— Escherichia Coli
28 —e— Staplyococcsus aureus

G
ILH ///c
m 22

0 70 140 210 280 350 420 490 560 630
% W R/ (mg L)

(b) ZBREFERE

28
27
26
=
£ 25
~
{oog
23
&2
21
20

—a— Escherichia Coli
o Staplyococcsus aureus

H B AW /A
(d) BRARE

B8 I Z&M%tnanoAg/PDA/CF & & 4 E R

30
—a— [Lscherichia Coli
287 —e—Staplyococcsus aureus
s26¢
g
@ 24+
im 22
<)
20
% 18+
16
5 6 7 8§ 9 10 11 12 13 14
Wk pHAA
(a) #1%4pH
30
8 —=— [Escherichia Coli
—e— Staplyococcsus aureus
£ 26
s
& 24
m 2o
# 20
=
18
16
200 400 600 800 1000 1200 1400 1600
TR LR (me L™ )
(c) FHERIR IR E IR E
Fig. 8

3 #ig

FEZ TR 38 A AL T DA 35 9K AR R 2 e/ A e R
£1- 4 (nanoAg/PDA/CF) BT 4% . SEM/EDX 43 Hr 2 H , 52 & £F
A T A SN 71 ~ 157 nm BRIEFT100 ~ 157 nm 37 )79
ERYIAKALTF . XRD FlI TGA 23472 B, PDA-nanoAg ¥i T fEf%
it P ART 20 SRR RN ZR € 1 5 i D A O DURRAE CFs 1o B
il 4511 nanoAg/PDA/CF &2 45 £1- Y485 4 0 (0 3 A BR & ALK
FERY R B 25 TR TGP o nanoAg/PDA/CF & 4 £F 4k fe
el £ 2500 0 pHAE M 8.5, Z LI R 125 mg/L, fil§
FRAR TtV B 375 mg/L, Z U [ SR G 2 h, &

B30k (References)

[1] Zheng Z, Yin W, Zara ] N, et al. The use of BMP-2 coupled—Nanosilver—
PLGA composite grafts to induce bone repair in grossly infected
segmental defects[]]. Biomaterials, 2010, 31(35): 9293-9300.

[2] Liu Y, Zheng Z, Zara J N, et al. The antimicrobial and osteoinductive
properties of silver nanoparticle/poly (DL~ lactic— co— glycolic acid)—

coated stainless steel[]J]. Biomaterials, 2012, 33(34): 8745-8756.

Effect of process variables on antibacterial activity of nanoAg/PDA/CF composite paper

[3] Klasen H J. Historical review of the use of silver in the treatment of burns.
1. Early uses[J]. Burns, 2000, 26(2): 117-130.

[4] Klasen H J. Historical review of the use of silver in the treatment of burns.
1. Early uses[J]. Burns, 2000, 26(2): 131-138.

[5] Gadd G M, Laurence O S, Briscoe P A, et al. Silver accmulation in
Pseudomonas stutzeri AG 259[]]. Biomaterials, 1989, 2(3): 168-173.

[6] Williams R L, Williams D F. Albumin adsorption on metal surfaces[J].
Biomaterials, 1988, 9(3): 206-212.

[7] Schierholz J M, Lucas L J, Rump A, et al. Efficacy of silver— coated
medical devices|]]. Journal of Hospital Infection, 1998, 40(4): 257-262.

[8] Rai M, Yadav A, Gade A. Silver nanoparticles as a new generation of
antimicrobials[J]. Biotechnology Advances, 2009, 27(1): 76-83.

[9] Yang G, Xie J, Hong F, et al. Antimicrobial activity of silver nanoparticle
impregnated bacterial cellulose membrane: Effect of fermentation carbon
sources of bacterial cellulose[]]. Carbohydrate Polymers, 2012, 87(1):
839-845.

[10] Abbasi A R, Morsali A. Synthesis and properties of silk yarn containing
Ag nanoparticles under ultrasound irradiation[J]. Ultrasonics Sonochem-
istry, 2011, 18(1): 282-287.

[11] Chang S, Kang B, Dai Y, et al. Synthesis of antimicrobial silver

85 Il



2,

%5 2016,34(19)

SCIENCE & TECHNOLOGY REVIEW

nanoparticles on silk fibers via +y- radiation[J]. Journal of Applied
Polymer Science, 2009, 112(4): 2511-2515.

[12] Scampicchio M, Wang J, Blasco A J, et al. Nanoparticle-based assays of
antioxidant activity[J]. Analytical Chemistry, 2006, 78(6): 2060-2063

[13] Huang X, Liao X, Shi B. Synthesis of highly active and reusable
supported gold nanoparticles and their catalytic applications to 4-
nitrophenol reduction[]]. Green Chemistry, 2011, 13(10): 2801-2805.

[14] Lee H, Scherer N, Messersmith P. Single—molecule mechanics of mussel
adhesion[]J]. Proceedings of the National Academy of Sciences of the
United States of America, 2006, 103(35): 12999-13003.

[15] Lee H, Lee Y, Statz A R, et al. Substrate—independent layer—by—layer
assembly by using mussel- adhesive— inspired polymers[J]. Advanced
Materials, 2008, 20(9): 1619-1623.

[16] Postma A, Yan Y, Wang Y, et al. Self—polymerization of dopamine as a
versatile and robust technique to prepare polymer capsules[J]. Chemistry
of Materials, 2009, 21(14): 3042-3044.

[17] Lee H, Dellatore S, Miller W, et al. Mussel-inspired surface chemistry
for multifunctional coatings|J]. Science, 2007, 318(5849): 426-430.

[18] Ye W, Wang D, Zhang H, et al. Electrochemical growth of flowerlike
gold nanoparticles on polydopamine modified ITO glass for SERS
application[]J]. Electrochimica Acta, 2010, 55(6): 2004-2009.

[19] Xu H, Shi X, Ma H, et al. The preparation and antibacterial effects of
dopa—cotton/AgNPs[J]. Applied Surface Science, 2011, 257(15): 6799-
6803.

[20] Xu H, Shi X, Lv Y, et al. The preparation and antibacterial activity of
polyester fabric loaded with silver nanoparticles|[J]. Textile Research
Journal, 2013, 83(3): 321-326.

[21] Ye Q, Zhou F, Liu W. Bioinspired catecholic chemistry for surface

modification|]J]. Chemical Society Reviews, 2011, 40(7): 4244-4258.

[22] XA NI, mith, 440, 55 . XRD S35kl e R ARET 4E 2R 45 i L O RIF 5T
[, I, 2015, 41(2): 38-41.

Liu Zhigang, Gao Yan, Jinhua, et al. Study on natural cellulose
crystallinity determinated by the technology of XRD peak separation|]].
China Measurement & Testing Technology, 2015, 41(2): 38—41.

[23] Abbasi A R, Morsali A. Synthesis and properties of silk yarn containing
Ag nanoparticles under ultrasound irradiation[J]. Ultrasonics Sonochem-
istry, 2011, 18(1): 282-287.

[24] Lu Z, Meng M, Jiang Y, et al. UV-assisted in situ synthesis of silver
nanoparticles on silk fibers forantibacterial applications[J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2014, 447: 1-7.

[25] Khan S A, Ahmad A, Khan M I, et al. Antimicrobial activity of wool yarn
dyed with Rheum emodi L (Indian Rhubarb)[J]. Dyes Pigments, 2012, 95
(2): 206-214.

[26] Li B, Li Y, Zhao Y, et al. Shape— controlled synthesis of Cu,0 nano/
microcrystals and their antibacterial activity[J]. Journal of Physics and
Chemistry of Solids, 2013, 74(12): 1842-1847.

[27] Cai A, Sun Y, Chang Y, et al. Biopolymer—assisted in situ route toward
Cu hollow spheres as antibacterial materials[J]. Materials Letters, 2014,
134: 214-217.

[28] Li J, Wang G, Zhu H, et al. Antibacterial activity of large— area
monolayer graphene film manipulated by charge transfer[J]. Scientific
Reports, 2014, 4: 4359-4366.

[29] Feng Q L, Wu J, Chen G Q, et al. A mechanistic study of the antibacteri-
al effect of silver—ions on Escherichia coli and Staphylococcus aureus|J].

Journal of biomedical materials research, 2000, 52(4): 662-668.

Two—pot in situ preparation, characterization and performance of
nano silver/polydopamine/cellulose fiber antibacterial paper

LI Chunting, QIAN Xueren, AN Xianhui

Key Laboratory of Bio—based Material Science and Technology of Ministry of Education; Northeast Forestry University,

Harbin 150040, China

Abstract The nano silver/polydopamine/cellulose fiber (nanoAg/PDA/CF) antibacterial paper is successfully in situ prepared by the two—

pot method without using any additional reducing agent. The scanning electron microscopy (SEM) and the energy dispersive X- ray
spectroscopy (EDX) analyses reveal that the spherical or cuboidal silver nanopartiles with the size of 70~150 nm are loaded on the surface
of the nanoAg/PDA/CF antibacterial paper. The X-ray diffraction (XRD) and the thermogravimetric (TG) analyses confirm that the silver
nanopartiles are in situ generated and deposited on the polydopamine functionalized cellulose fiber surface. The novel nanoAg/PDA/CF
antibacterial paper shows a remarkable antibacterial feature against both S. aureus and E. coli. The optimum preparative conditions of the
nanoAg/PDA/CF composite are: the pH value of 8.5, the dopamine concentration of 125 mg/L, the silver nitrate concentration of 375 mg/L,
the dopamine self—polymerization time of 2 h, and the room temperature.

Keywords cellulose fibers; polydopamine; nano silver; antibacterial paper; two—pot method
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