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Abstract: The diverse applications of PVC plastisol have been recognized and research has become robust due to devel-
opment of new plasticizers having low toxicity and degradability. In this study, we prepared plastisol/silver nanoparticles
foamed composites based on silver carbamate complex and expandable microsphere. AgNPs used in the plastisol were
in-situ synthesized by thermal reduction of silver carbamate during expansion of microsphere and curing of plastisol,
where the average size of the AgNPs was 20-50 nm. To obtain coatings of plastisol/Ag composites, a silkscreen printing
technique over a cotton textile substrate was used. The formation of the AgNPs was easily monitored by UV-vis spec-
troscopy and characterized by TEM, SEM, XRD and EDS. The expanded plastisol/Ag composites showed excellent anti-
bacterial activity against Escherichia coli and Staphylococcus aureus. This method provides facile and effective way to
prepare antibacterial plastisol/Ag composites without any inorganic ions and additives such as surfactant and reductant
and show a great deal of potential as designed materials for sanitized plastisol applications.
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AleF & 7[7]. PVC ZE}2~E|Z(Aonetex NP-4831 Socks
base)> Follo] 9 4HAd (Korea)oll A T+ 3F T 344 w4
-(expandable microsphere)= Matsumoto Yushi-Seiyaku Co.
Ltd(Japan)2] Microsphere FN-100SA4]%-2 AR5 T} 29]
AR E YA vt 1 AAE wgol| o)ste] %
J U]ATE silver 2-ethylhexylcarbamate 8ol EAMAZ] &
skl g o= ghlste] Axsarh® FARIA dnlA

AFR1& SEM(model JSM-5410LV, JEOL, Tokyo, Japan) A
Fo ol&ste] dAom 2 v YAk #QlE energy
dispersive X-ray spectroscopy(EDS, ABT60, Topcon, Tokyo,
Japan)& ARS8t ZA 3T Xeray diffraction(XRD) €l
< Rigaku Rotaflex Rad-B diffractometer(Ultima IV, Rigaku
Corp., Tokyo, Japan)Z ZA 32 Cu target CuKa
radiation(40 KV, 60 mA)S AHS-3FAL 5-90° A flA 574
3Tt Ak A7 kA)E 2~F ERbE Varian Cary 100 UV-Vis
spectrophotometer(Agilent Technology, Santa Clara, CA
95051, USA)E °]-&st st Alg= |2 (1x1 cm)
I FAZ AZFste] 200-800 nm G elA SA BT

S U YAR7F 3 PVC STREE/AgE ZHE §
29| dgAde g S =IOV Escherichia coli O157:
H7(KACC 13821)¢} 13 3+ BHElz]olR] Staphylococcus
aureus(KACC 13236)% ©]-8-5lo] Hrslsitt. M+ 37°C
oA Luria-Bertani(LB) agarE- ©|-8-5}o] AUt A+ 7IAl=
300 um4 FAE 7K ¥ Hes ARSI A A3
Al%kE 1105 /90 mesh, 0.15mm, 30 denier AlE-2 ARE-319T]

Silver 2-ethylhexylcarbamate 42| X|=. 2-ogs| o}
=] (30 mL)Z o] s8] AA" 2-ZEZIE(60 mLyS 3

T Eeh2A50 mLypl WL A%E CO(S0 mL/mm)— 2]
2§t et B o1 CO8l F47 YolbA ke
], silver oxide(24.0 mmol, 5.52 gy ¥l FL3HA *Ev"{}"]
A &9 &Yo] Hhgo] 23] ﬂﬁﬁ-ﬂ‘:i F2ollA] 244]7F
&<t ""i‘é‘}ﬁ\‘ﬂr AR YA B o) Frigh gojjo] A
o)A RES-& FAste] 29 ol 10 wt% EFHE silver
2—ethylhexylcarbamate g8 A 3T

PVC ZZIAEIE2 FHIH0IE MTH| 432l M=. PVC
STEEE/Ag e IS AxE] flste] & ATAR
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ste] APaiAet. Aozl & e J27F 23 PVC 2
2E|EL 29 gl web PVC ZEREIE/Ag(1%), (3%)
2 (5%)= FA8I3IT

2 0|2 W& AE. 2 o|2o] WEHe AS ERls] 9
a4 PVC E2tEE/Age] ZHE ¥ A& Al5(1x1 em,
02 )5 SHTl WAL 20°CAlA 1, 3,5, 7, 14 & 204 &
QF WAste] 2 o] WE AYS APt s ¢
oA sb7] flste] 7R EEoiFo] S EtEith
21 & ICP-MS(inductive coupled plasma mass spectrometer)
£ o3t BEH 2 0|9 &g AU

PVC E2tAE|E/Agel &4 AE. PVC ZTh2EE/Ag
A ] g S8 el i (agar dise diffusion
assay)Z} MIC(minimum inhibitory concentration)H & 53l
kst g ghhg el A4, HIEAll 200 um®] E.
coli®} S. aureus ¥E|2]o}= Luria-Bertani(LB) Broth Wj=] &}
Aol =23 5 izt AE3 s=8 PVC EEkEEE
/Ag N E AERE 10mme] ¥)S 283 37°ColA 24
AIZE Rt Sl A w7t e Zls gEjlsisith MIC
Gt AFe] B, AF T Alete] 2 A e oF
S5mLe] GAMIAIE oL mj g Al 455 ¥ 2 F
iz AZ3 T8 PVC ZEEEE/AgE 93 A7 &
ot A AJ7F 7HH 22 OD(optical density) 7h2 S-43H] A
5 Al 4 ks Fste] eI

Ay o =2

PVC E2tAE|E/Ag 7HHIHIOIE MTH| 42| X|=. 2-
Ethylhexylammonium 2-ethylhexyl-carbamateZE 2-o| 2|20}
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3 CORNE Hdation Ast 23 vkgaled &F silver
2-ethylhexylcarbamate S That 7282 WH-3-2]of ¢]3te] A4
39tk AgO +2 CyHisNH, —> AgOCONHCgH s+ H,0. B
S 8le 2-Z2AES ARSI 2o e RE 10 wi%
o] gAo g Az

PVC ZEk=ElE/Ag SAEE A=x37] 98t PVC &
gaElEe 1, 3 H 5wit%e] 20l LFHES silver 2-
ethylhexylcarbamate 83 = 27 38l PVC Sk~
E|l&/2 70| E 1A A5 ARSI PVC Sk
E]Z3} silver 2-ethylhexylcarbamate®] 2-Z 232 gH e &
G o, M2 FAsHAl &kt o] £ &l 2 B
4wit%e] & B PATE EFste] HF PVC EEiE
Z/Ag 7| ERAA] Ao JAE AlxsIiTt. & A
PollMe AAJANHE AHEete] AF(HE: 10 mm, FI:
0.15 mm)°] HE-S Aa2T9 Aste] H71siSltt. Figure
1o | 2= ]l PVC ZetiEE9] Aasad Q1 3
o] Yehtslet.
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Figure 1. Schematic procedures of a preparation of silvered plas-
tisol by printing on cotton textile using silver carbamate and
expandable microsphere.
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Figure 2. UV-visible spectra of (a) PVC plastisol; (b) PVC plasti-
sol/Ag (1 wt%); (c¢) PVC plastisol/Ag (3 wt%); (d) PVC plastisol/
Ag (5 wt%).

Figure 3(d)°llA] 2 wit%®] P ATE Ehabn 319l /a7 s}
H PVC Z2FEIE/Ag(5%)2] SEM AHS BolFT Q).
k] UV% ZHAEE/Ag "IEE 2 Well 10-100 ume)
712 FHE FAE EAlete AS HoF]UT). Figure
3l 4wt%e] PIATE E3tels Skl AskE pVC
EE2EE/Ag(5%)2] ARlolH JE w5l HA ol
< o1FH Yepds I 5 AUt Figure 3(Holr] 3t
A2 74slEl PVC SEREEIE/Ag(5%) 52 TS VER
= SEM AKIS HoF gk @S Adtaly] o
27t FF5le] SAEE viEY 2 Yeht glom At
W= Aok vkl Fejo] AE vAaTE ER1E 5 3l
At
ZTEE fEY 2 Qo) oyl & Uk A}
SEM_E Folgl= AL Brlssigth. 22 wis
2E]E0] Astatgol ofste] 7 ARl WS AlME-St
E} B maT7E glo] sk EefEES 8aE
= DMF°ﬂ gafste] & e AAE FEE] TEMS AR
st =73t A7t Figure 491 YERL ITh
“Oixl e ks 79 2 oo 20-50 nme]
715 7HAL 5SS Al ol d A4 PVC £

Figure 3. SEM images of PVC plastisol/Ag/microsphere composite
cured at 160 °C for 5 min: (a) microsphere; (b) silvered microsphere;
(c) PVC plastisol/Ag (5%)/microsphere (1%); (d) PVC plastisol/Ag
(5%)/microsphere (2%); (e) PVC plastisol/Ag (5%)/microsphere (4%);
(f) cross-section of PVC plastisol/Ag (5%)/microsphere (4%).
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Figure 4. A TEM image of silver nanoparticles dispersed in PVC
plastisol.
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Figure 5. XRD patterns of (a) pristine PVC plastisol; (b) PVC plas-
tisol/Ag (1 wt%); (c) PVC plastisol/Ag (3 wt%); (d) PVC plastisol/
Ag (5 wt%).
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Figure 6. EDS spectrum of PVC plastisol/Ag (3 and 5 wt%) using
silver 2-ethylhexylcarbamate.
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Figure 7. Concentrations of Ag ion released from PVC plastisol/Ag
(3 wt%) after immersing sample in water at room temperature.
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Al Aok, A7 A B A 8-S slo] S e
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Figure 8. Antibacterial activity of different concentration metallized
plastisol against (a) E. coli; (b) S. aureus.
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Figure 9. Growth curve of (a) E. coli; (b) S. aureus incubated with
PVC plastisol/Ag. The number of bacterial cells was determined by
ultraviolet measurement at 600 nm.

A3 o] Te FAd S AYL dokr & = Yok P
Figure 99| 182 witr| 7ol W t)g=) Ay
o] AAlES yERd Zolth 271 6x10° CFU $7F
A A= Bl 208 Foll ZERElE/Age) PAIHZET2]
e 5 U ti A 28y sjgAI7E 402 F9)
= Huza vwde o ZYEE/Ag] 4 9%
Al Bol HAhE S BRISHAL, wiAIZE 120%-0] A%k
S wole haTs FNEATT ZF F2Y7) glolr

Polymer(Korea), Vol. 41, No. 5, 2017



866

[N

=
—

=2 A8 F e 3 PVC SEHES Alx
3171 918ke] & AFA A silver 2-ethylhexylcarbamate S
PVC ZtEE ol g ste] SekEE9] 7dsket sAlol &
7hatelo] 2] & Zhelol| o]sle] PVC FetiElE/Ag HHA
£ &olatA Az & JHHo]EE PVC S22 EE
of &3l nt oh et —r7] ol &S 7R AL YA oA
100-125 °CollA] E3liste] & v A7 A=, offl |
o] kslekart A Eo] WEE7] wiel] Fof o] o] A
2] ekskt}. A zE PVC ZEHAElE/Ag B3 Astd =
SAE|E Eg A Aol & e YR A E AT Feks
ﬂésq S S5 flot] & v Aol 2 wit%
2 7ol EE EFEAS W E coli®t S. aureus®l T
?5} s 3783 AAES AAE A9 & e ERAlE
100%l 7W7he- @tsEg BTt 7htHo]E &S o]
sk 94 SIS PVC FeEREEE/Ag H3AE Alxs=
o] w9 &3k, Zstel FAlo) Tt #halo)7] wiEo|
F7F 340l HaskA] edot A8 73S AY AL ot

ZEAle] 2: o] ATx= Oﬂ—",LxHDLHﬂ = A F4(2009-
0093829) A YO & ATEHAL.
Sgni g

0. Nordin and C. Nyholm, WO 2007/142593 A1 (2007).

A. Kron, P. Sjogren, and O. Bjerke, W0O2001/083100 A1 (2001).

J. Lundqvist, EP 0 486 080 B1 (1996).

O. Fenollar, D. Garcia, L. Sanchez, J. Lopez, and R. Balart, Eur:

Polym. J., 45, 2674 (2009).

5. C. Zhanga, T. F. Garrison, S. A. Madbouly, and M. R. Kessler,
Prog. Polym. Sci., 71, 91 (2017).

6. P. Karmalm, T. Hjertberg, A. Jansson, R. Dahl, and K. Ankner,
Polym. Degrad. Stab., 94, 1986 (2009).

7. J. A. Davidson and K. L. Gardner, “Vinyl Polymers (PVC),
Poly(viny1 chloride)”, in Encyclopedia of Chemical Technology,
3rd ed., Kirk-Othmer, Editor, John Wiely, New York, Vol 23
(1983).

8. J. A. Davidson and K. L. Gardner, “Plastisols”, in Encyclopedia
of Chemical Technology, 3rd ed., Kirk-Othmer, Editor, John
Wiley, New York, Vol 23 (1983).

9. C. A. Brighton, G. C. Marks, and J. C. Benton, “Plastisols”, in

LD =

Zan, A)4148 A)55, 20174

10.

11.
12.

—

13.

14.

15.

16.
17.

18.
19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

-
. %_Ug}\

Encyclopedia of Polymer Science and Technology, John Wiley,
New York, Vol 14 (1971).

N. Nakajima, D. W. Ward, and E. A. Collins, Polym. Eng. Sci.,
19, 210 (1979).

N. Nakajima and S.-Y. Kwak, J. Vinyl. Technol., 13, 212 (1991).
L. Juri¢, N. Kaskovi¢, M. Stanci¢, D. Novakovié, G. Vladi¢, and
1. Majnari¢, Appl. Thermal. Eng., 90, 215 (2015).

M. Hiibscher, C. Thiel, J. Schmidt, M. Bach, W. Banzer, and L.
Vogt, Gait Posture, 33, 740 (2011).

R. F. Grossman, Handbook of Vinyl Formulating, 2nd ed., John
Wiley & Sons, New Jersey, 2008.

M. Fujino, T. Taniguchi, Y. Kawaguchi, and M. Ohshima, Chem.
Eng. Sci., 104, 220 (2013).

Y. Kawaguchi and T. Oishi, J. Appl. Polym. Sci., 93, 505 (2004).
D. S. J. Morehouse and R. J. Tetreault, US Patent 3,615,972
(1971).

T. Yokomizo, K. Tanaka, and K. Niinuma, JP 09-019635 (1997).
W. Chen, W. Cai, L. Zhang, and G. Wang. J. Colloid Interface
Sci., 238, 291 (2001).

D. S. Goodsell, Bionanotechnology: Lessons from Nature, Wiley-
Liss, Inc., New Jersey, 2004.

. J. Tian, K. K. Y. Wong, C. M. Ho, C. N. Lok, W. Y. Yu, C. M.

Che, J. F. Chiu, and P. K. H. Tam, Chem. Med. Chem., 2, 129
(2007).

Y. H. Lin, J. H. Lin, S. H. Wang, T. H. Ko, and G. C. Tseng, J.
Biomed. Mater. Res. B, 100, 2288 (2012).

W. G Kwak, M. H. Oh, S. Y. Son, and M. S. Gong, Macromol.
Res., 23, 509 (2015).

W. G. Kwak, M. H. Oh, and M. S. Gong, Carbohyd. Polym., 1185,
317 (2015).

H. Y. Ahn, J. R. Cha, and M. S. Gong, Mater. Chem. Phys., 153,
390 (2015).

K. A. Kim, J. R. Cha, and M. S. Gong, Bull. Korean Chem. Soc.,
34, 505 (2013).

K. A. Kim, M. S. Gong, and C. K. Park, Bull. Korean Chem.
Soc., 33, 3987 (2012).

T. H. Lim, Y. M. Jeon, and M. S. Gong, Polym. Korea, 33, 33
(2009).

W. K. Kwak, J. R. Cha, and M. S. Gong, Polym. Korea, 41, 309
(2017).

S. M. Hong, J. W. Kim, J. C. Knowlis, and M. S. Gong, J.
Biomater. Appl., 31, 1026 (2017).

W. K. Kwak, J. R. Cha, and M. S. Gong, Fibers Polym., 17, 1146
(2016).

T. S. Kim, J. R. Cha, and M. S. Gong, Fibers Polym., 18, 453
(2017).

N. Agasti and N. K. Kaushik. Am. J. Nanomater., 2, 4 (2014).
S. Prabhu and E. Poulose, Int. Nano Lett., 2, 32 (2012).

F. Paladini, C. D. Franco, A. Panico, G. Scamarcio, A. Sannino,
and M. Pollini, Materials, 9, 411 (2016).



