Polym. Korea, Vol. 48, No. 3, pp. 274-281 (2024)
https://doi.org/10.7317/pk.2024.48.3.274

L-AIE2|IS

OI-DI—LEI_E A

LS ZC|C|HEASL o

oo

s

Zgol

Jm

2olx] - Yol

i Rt 2 s g
(2023 11€ 21

- Md Shahjahan Kabir Chowdury - 2fA&* - g2l
A58z, ¥ st WISER S & AR A4 53-8}

e, 20249 1€ 8Y 44, 20249 29 20 Ad)

Antimicrobial Property of Polydimethylsiloxane Film Coated with Aminosilanes

Yeji Park, Sumin Jeong, Md Shahjahan Kabir Chowdury, SungBum Park*, and Yong-il Park’

School of Materials Science and Engineering, Kumoh National Institute of Technology,
61 Daehak-ro, Gumi, Gyeongbuk 39177, Korea

*Department of Automotive Materials and Components Engineering, Dongguk University WISE Campus, Gyeongju 38066, Korea

(Received November 21, 2023; Revised January 8, 2024; Accepted February 20, 2024)

=5 Covid-199] HAAA difalel wet 2 S55
735, AR FAE AL Ejtshe Tt WS
o] AA} 74 e @Rl k. ol sdshs WH
318t AFAT)E A7t FAEL Uk dolS Fehs A A7l 2ol Al AEEE u# e
A, AE ke =z k)] Soi7t tabgols doglomn Alad APEAIRITH B Alds daa 28719
g o] &3 o]o] T3S 918 polydimethylsiloxane(PDMS) ZE FWHol| §-F7] B34 o)A@t vtubs
FHER wEATE WS ARSI 53] 31 A 2Tt S Agse 2 ofl 287t W
Zo= wjgAI7)E Zlo| 7FeshH, ol2M e St 7heslsith AxtH o g, opn A slo|He|E SY
Zo] 973 FFES Bylon o2y 7E it Fekrgel A& EAE AT £ A =ik

91 et A7k AEI ek 7R Fak Behgel
AHgSRE), A7l me IRARRE §Eul] G
o EYAE ofF IBA Aled] A H87]8

Abstract: Due to the global pandemic of Covid-19, various studies are being conducted to overcome it. In the case of
existing antibacterial plastics, a simple method of mixing various antibacterial agents into a polymer is used, but this has
the disadvantage that the antibacterial activity gradually decreases as they are eluted from the polymer over time. To solve
this problem, research is underway to chemically bond antibacterial functional groups to the polymer chains that make
up the matrix. Antibacterial functional groups such as cations kill bacteria by disrupting or destroying the anionic cell
membrane of bacteria, or causing metabolic disorders after diffusing into cells. In this work, we used a method to arrange
an organic-inorganic complex aminosilane thin layer on the surface of polydimethylsiloxane (PDMS) film at a high con-
centration to maintain and maximize the antimicrobial activity. By bonding the hydrophilic alkoxy functional group to
the substrate side, it is possible to orient the amine functional group toward the surface, thereby maximizing antibacterial
properties. As a result, aminosilane hybrid coating layers showed excellent antibacterial activities and so we could solve
the durability problem of the conventional antimicrobial plastics.

Keywords: biopolymers, coating materials, (3-aminopropyl)triethoxysilane, 3-aminopropyl(diethoxy)methylsilane, ami-
nopropyldimethylethoxysilane, antimicrobial activity, polydimethylsiloxane.
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Figure 1. Experimental procedure for preparation of hybrid amin-
osilanes coating films on glass plate.
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Figure 2. Chemical structures and diagrams representing surface
bonding with PDMS treated O, plasma: (a) APTES may form Si—
O-Si bonds to other APTES molecules, resulting in formation of a
thick disordered surface layer; (b) APDEMS is less likely to oligo-
merize, forming a more uniform surface layer; (c) APDMES is
unable to oligomerize and may only form a surface monolayer.
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Figure 3. Photographs of viable colonies growing on (al,a2) Untreated test piece; (b1,b2) Bare PDMS; (c1,c2) PDMS-APTES; (d1,d2)
PDMS-APDEMS; (el,e2) PDMS-APDNES agar plates.

Table 1. Antibacterial Test (JIS Z 2801-2010) Results of Aminosilanes Coating Films

Stains PDMS PDMS-APTES PDMS-APDEMS PDMS-APDMES

Initial microbial content (U) 1.2 %10 1.2 x 10 1.2 x10* 1.2 x 10

After 24hours : untreated (U) 6.6 x 10° 6.6 x 10° 6.6 x 10° 6.6 x 10°
S’“phﬁl}’gocc%@g”’e“s After 24hours : treated (A4,) 3.3 % <10 <10 <10
Antibacterial activity 23 4.8 4.8 4.8
Reduction Ratio 99.5 99.9 99.9 99.9

Initial microbial content (Uf) 1.2 x10* 1.2x10* 1.2 x 10* 1.2 x 10

After 24hours : untreated (U) 6.6 x 10° 6.6 x 10° 6.6 x 10° 6.6 x 10°
Esj}ec”cd’g"; 32"” After 24hours (4,) 48 % 10° <10 <10 <10
Antibacterial activity 22 4.8 4.8 4.8
Re. Ratio 99.3 99.9 99.9 99.9

U: The average of the common logarithm of the number of viable bacteria that recovered from control sample at “0 h” contact time (6.2x10°-2.5x10" cell/cm?)
U;: The average of the common logarithm of the number of viable bacteria that recovered from control sample at “24 h” contact time (more than 6.2x10" cell/cm?)

Ay The average of the common logarithm of the number of viable bacteria that recovered from sample at “24 h” contact time (cell/cm?)

Table 2. Antibacterial Test (KS K 0693) Results of Aminosilanes Coated on PP Filters

Reduction rate of bacteria

Sample PDMS — APTES on P.P filter PDMS — APDEMS on P.P filter
Staphylococcus aureus 99.9 99.9
Klebsiella pneumonia 99.9 99.9

(%)

2150l 3300-3500 cm oA} o}7l 22 N-H A= 5,
2900-3000 cm™e] HLlIA &A719] wE 15 C-H A= 3
TS IRISKAILE o] ol =Aes FHEA] 42 PDMS
o= YEPA] g8 ¥ Fo]w PDMS EHo| ofn =2 gho]
2 2RSS B}, T3 Si-0-Si ¥ =9} N-H =9
Al =271 BlwsldS Wl APDEMSYE 718 9 wako g
ofgl7]¢] wfjgfo] Z wofQl5-S SRIT 4 Ut

Figure 5= APTES, APDEMS, APDMESE I3+ PDMS
9] survey scan mode2] XPS 23 E & 3} narrow scan

mode2] Cls, Ols, Si2p, Nls I35 7z} 4 Aol 2]3 1
A= g A3E UERd Zlelth AL s = Nis 3204
401.38 eV(protonated amine, NH;"), 400.5 eV(-R, NH, O-CO-
N), 399.87 eV(-N-CO-N-), 399.2 eV(-R-NH,), 3982 eV(C-N),
and 397.5 eV(N-Si)9] A1E. 9358 R3ict 7t vjla 5o
ol 2+8-717} PDMS Wl AFAos Ae-S Holw
th. Cls ¥ == 283.5 eV(C-Si), 284.6 eV(-C=C- & —C-C),
285 eV(C-H &2 C-C), 285.8 eV(C-N =2 C-N), 2869 eV
(C-0)Z EZ = 3th C-N/C-N" 3 F3 oju] Al g F9]
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Figure 4. FTIR spectra of (a) pristine PDMS; (b) APTES; (c) APD-
MES; (d) APDEMS.
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Table 3. Atomic Contents of Each Element of Samples
Samples Cls (%) Ols (%) Si2p (%) Nls (%) Nls/Si2p
PDMS-APTES 43.26 32.36 12.40 11.97 0.9658
PDMS-APDEMS 52.16 26.38 10.82 10.63 0.9823
PDMS-APDMES 47.74 28.47 16.09 7.70 0.4783
140 - e
B 1204
)
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Figure 6. Contact angle of PDMS-APDMES, PDMS-APTES and Temperature (°C)
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APDEMS+= FHu] g3l 7F HAY 171714 @3l 7t 54 3]
3] Aol v|sle] APTESS APDMESE H]w3 A{A{3]
8-S Felslitt. 350-500 °C %=1 ¢4 APDEMS,
APTES, APDMES =02 Hof ditafi7l dAlsh= 2e B
AFATE. 700 °C F2o] 7 A3 T2 Si-0-SiE 4%
Fge] 7] Ftoln A WAl T A AiF &4 ol
A= T3 7] Ade] Ao 71918, o2t Hal e
e 20] 3] T 2 Si-C AFe] e 7]Qshe B
At} Sardon 5-& SiO, VIESA7} ARE £ ©e] 7A|stE
WA St AAEH BTtk o= APDEMS7}H 73 =
T 0] EAl 2E2 PDMSA]9] Si-0 Al <5 7H
TS GEs exot Ho Ay &4 88 ety AzEn
Figure 29} 72¢] APTES:E= PDMS %Rl &= olEA] 15
N7 B A 71 2H A9 9 Wt olue) 2}
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Figure 7. TGA and DTA plots and weight derivative curves: (a)
APTES; (b) APDEMS; (c) APDMES.

=3l PDMS o) vjde opl 2k8719] 47} & APDEMS,
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Table 4. TGA Parameters for Antimicrobial Solution Coating on PDMS Films

Materials T, (1‘:/0 loss) Ts (5°DA: loss) Tio (1(3% loss) DTG Pea}k 1(small) DTG Pe%k 2(main) Residue*
(C) () (C) (€) (C) (wt%o)
APTES 61.012 155.029 353.31 138.37 499.36 33.45
APDEMS 65.089 108.7 138.7 118.21 501.87 38.17
APDMES 72.637 130.165 219.61 131 352.78 10.25

*The residue was measured as a mass percent at 700 C.

Al 579 ol ATHAIE Y 52 FTIR, XPS &
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