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Abstract: The aim of this study is to develop new materials with antimicrobial effect and flame-retardant properties.
PVC/IB/ATH, a PVC composite material containing inorganic bacteriocide (IB) with silver and zinc in the zeolite pores,
and aluminum trihydroxide (ATH), an environmentally friendly inorganic flame-retardant, was prepared. The anti-
microbial effect of PVC/IB/ATH composite material was confirmed to be 99% as a result of turbidity analysis, shaking
culture, drop-test, and double staining test using two kinds of bacteria. The flame-retardant properties of PVC/IB/ATH
composites were investigated by limiting oxygen concentration index and thermogravimetric analysis, and they were
increased depending on the aluminum content of ATH and IB agent. Also, the thermal properties of PVC/IB/ATH com-
posites were slightly increased. In conclusion, the application of PVC/IB/ATH is expected in various fields such as med-
ical industry, antibacterial system and flame-retardant materials.
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%4+ (Jeonju-si, Korea), IB= (57)A 21 =4 (Goryeong-gun,
Korea)oll A st on, dAdS Fostr] 218l 7714
%AA] ¢l ATH(Yongin-si, Korea)S 7+ ko] ARE-31S3 T}
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peptone(Daejung, Korea)> V| AJ & vl ol AF&-3F3 o™,
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Aldrich, USAy= ©l5 |4 A gl AM&-3k3itt. Phosphate
buffer saline -89 #|Zo|:= potassium diphosphate(Daejung,
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Figure 1. Twin screw extruder and compression molding press used
in this study.
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Table 1. Condition of Extrusion and Compression Molding
Press Processing

Extrusion

Temperature (°C)

Screw speed 150 rpm
*CY1 50
CY2 140
Feed 30 kg/h
CY3 150
CY4 160
Screw 3-kneading
CYs 170 configuration block
Header 180
*CY: Cylinder
Compression Molding Press
Temperature (°C)
Top First pressure 500 psi
175
plate
Bottom .
plate 175 Second pressure 1000 psi

Korea), dipotassium phosphate(Daejung, Korea), chloric
acid(Daejung, Korea)& AFE-3IATE.

OjdE. & A7l A A 23 Fda<
Staphylococcus aureus(S. aureus, ATCC 6548, USA)9} 13
Sl Klebsiella pneumoniae(K. pneumoniae, ATCC
4352, USA)°I™, m]A =2 Al E (http://kcte kribb.re.kr)oll A1
Lol ARE-sEATE

PVC/IB/ATH S&fAXH MI=. Inorganic bacteriocide, ATH
S} PVC 222 80°C 2204 122417 23 5 371 €]
kneading zone2 7}%l intermeshing ¥ 3] A o] Z<4=7](LG
Machinery, MT-30-S2-42C, ®30, L/D=42)2 A}-&3lo] PVC
(PVC/IB/ATH) B82S A %3131 cHFigure 1). ¢4 2 A
A Az 2712 Table 15} 2o™ 4=¥ PVC/IB/ATH 53t
aAle 7Y 3HS AA HEEelAE Bl Halow Ax
stk B3 e A G SAS A A ¢
S99 ZH|2(GE-1228, CRFAReld)E F3l AlZtsial e
H e 24 AJHE 7IE 1lom, AIZ 1em, 57 02 cm
2 AYHN, A S A1EL2 7HE Tem, A= 8em,
7 0.3+0.005 mm=E A28 tH” PVC, ATHE Hj &3
PVC(PVC/ATH), IBE viHst PVC(PVC/IB) E§4Al= 5
Agt 21 3R AxsNoH, PVC H#Hd )9
23S Table 20 YER|ATE

HAYEY FARXE0|1E. PVC/IB/ATH H§H2A9 &
H gejel i A2 AAMES FARIARRZE (FE-SEM,
JSM-6500F, JEOL)S A3} T}, o2 527 (ion sputter,
E-1020, HITACHD)E ©] &3l of2Z 72 EA) 3hof| A
PVC/IB/ATH B3] RS Wi A8skar, Fxd(ACC
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Table 2. Formulations of PVC, PVC/ATH, PVC/IB, and PVC/
IB/ATH Composites

Aluminum  Silver/Zinc/Zeolite
PVC . . .
Samples (Wi%) trihydroxide composite
’ (Wt%) (Wt%)
PVC 100 - -
PVC/ATH 95.2 4.8 -
PVC/IB 82.6 - 17.4
PVC/IB/ATH 79.1 4.2 16.7

voltage) 15 kVellA 100 wi&= a1t

PVC/IB/ATH E§471¢] 1B, ATHS] A% £24-S energy
dispersive spectroscopy(EDS) #2112 AR&-3}3 T}

PVC/IB/ATH Sgtaxle]| & S4.

TIE HiH: PVCIB/ATH 53249 3+8 F4 S
shaking flask methodS AME-81TY. S. aureus®}t K. pneumoniae
= UV-visible £33 712 ©]-83t% ODggo um w1 0.5 i,
NB v = 50008 3]4sto], Al 2mLs 3T +,
Al el PVC/B/ATH £-34A)E YL shaking incubator
of| A wiFataATh. 4A17F Wik F, w9 100 pLE NB Wi
2 10%) 32J3sle] NB agar mediumol] 341¥ # 100 uL
£ spreadingd} A t}. Incubator(SH-701, LABOTECH, Korea)
o 37°C, 16A7F ¥l F-, AE Z=Y 55 SAEI

Btz EMY: PVC/IB/ATH E32A4090 213 S aureus 2
K. pneumoniae®l Bw55 Z4317] 984 H§= EAH
(turbidity assay)yS ARE-SIATH! & 334 Al PVC/B/ATH
Aol HakE oleds AAsk] S8l SRTE 53] Al
2] &80 °C LE(OF-21E, JEIOTECH, Korea)°l A 3A]7}
Az F ARSI HHEllote] uidel nutrient broth(NB)
) A& AFE-SERA O™, S aureus, K. pneumoniae= shaking
incubator(SH-802F, LABOTECH, Korea)?llX] 37 °C, 200 rpm
Z7 sl A 12417 v Fski T o1, UV-visible #3371
(Agilent 8453, Agilent Technologies, USA)E ©]-&3}¢] 660
nm IFgollre] 2] B (optical density, OD) #te] 0.521 A]
S5 A3k, NB wjZZ 50000 8]45190m, Alg o]
2 mL® EF8IATH2x10° cfu/2 mL). A|@&l| PVC/IB/ATH
B4R E YL shaking incubatorell A1 37°C, 200 rpm =
7 sl Al A 7E ksl o™ UV-visible #3715 )43}
o] ODgg @l W3S SA BT RS2 PVC, PVC/
IB, 8] PVC/ATH E32A41S AR5} tH(Table 2).

Drop-Test: PVC/IB/ATH -3t 3 $Jolxe] a3
42 drop-tests AFESIFATE> S, aureus®t K. pneumoniae
= UV-visible #3715 ©]83+% ODggo mm #°1 0.59 ,
NB &= 50004] 5143}%1c}t. PVC/IB/ATH E312A1E 24
well Al ZajFZF o Ed AN &, BaA] 2H 2ol
9 100 uLE HoJ=] 3L incubatorol A 37°C, 4417

g
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Atk F=E 74387 Y38l 40°Ce] FF/FTE incubator
el vix]st T, vl ¥, phosphate buffer saline(pH 7.3)
900 UL PVC/IB/ATH 3124 ¥ 9)¢] #< A3t 5,
NB agar medium®l] 7 100 uLE- spreadings}itt. Incubator
o 37°C, 16*17F wiF &, A8 Z2Y 5 SHsh

0|3 H¥4H: PVC/IB/ATH & §2aA1 o] /22l &+
=742 double staining assayS ARE-SITEY S, aureuse}t K.
pheumoniae= UV-visible 372 ODggo nm &°1 0.54 ],
NB mi&-& o]-§3ld 50008] E}Asiiem, 7t Al@d#el] 2mL
A BHs9 . PVC/IB/ATH &34 E Y3l shaking
incubatorl|A] 37°C, 200 rpm 71 Blol|A] 4A17F vk 3 A
41 5-2] 7] (combi-514R, Hanil Science Industrial Co. Ltd.)Z
AE-31d 4000 rpm, 4 °C 27 SollA 1582 Bt 4lEe
St 4592 A ASIAL phosphate buffer saline(pH 7.3)
g 50 Lz NS AESIL, calcein-AMZ} propidium
iodideZ &3 & 50 uLE ARS8l el SR &,
2, W APt 24 BollA] 207 E9F WESAIZTE FAE o
A SuLE Egfol=F 2ol "ol 333 n 7 (Ti-S/
L100, Nikon, Japan)ye AR8-ste] 20001&= Ssie] A+t
AbtS ST olF HA A2 I M calcein-AMS
10 pL, propidium iodide(1 mg/mL)S- 15 uL, ZI2]3L phosphate
buffer saline(pH 7.3) 50 uLE &3ste] 28319}

PVC/IB/ATH S&taXiel el 54 2 4N obdy X,

SIAIMASEX|S: PVC/IB/ATH Htaae] Tt 54 &
A& LOI #A4S 53t Skttt AHX] 5 (oxygen
index)= A £ F719A AE7 ALE A&
ol P a3t 4k4e] FS F3H](volume percent)E FHE =
AFEA A T3l 78 F A

02
ol = x 100 (1)

Vertical type2] A]¥ 7] Ol(oxygen index, Fire Testing
Technology, UK)E AHE-3IR, AlA 48 712 1cem, Al
2 8cm, T 0.3£0.005 mmZE 2G5l AFsiHor, 7 g
2 AlE 578 IS0 458990 2] Asle] =519t

LSYEMY. 27| "9 gl wE PVC/IB/ATH
Aol 7 549 #4& dFFEA 7] (Auto-TGA
Q502, TA Instruments, Korea)S F3l] 743l 2= ¥
slof| wet A 87T o] dFEe] AT RN
4 g dA HislE Yol BATHoT A0 =R E] 700 °C
7R 2] WA 20 °C/mine] $-24E2 S5
BE AEL 1520.5 mge] FAZE ZH3HATh”

>

PVC/IB/ATH S&taxie] EH el X M2 2M pVC/
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IB/ATH E-3t2A1¢] 3 W3S Figure 20 UYERAIOH,
thzw3 ¥ A] PVC/IB/ATH E§47)e] 3 #H3h= v
nEs & Sl

PVC/IB/ATH &E3t2A12] /342 EDSel <Ja] gRlskith
(Figure 3). ZZ8]31 EDS A3+ #2418 Table 3o YERAILE.
Co} Ck& PVCEl ARl Si, Al, O AlLTlo|E ARl
o, Agol Zn= A gEfo|Eo F2E R0 E S
Ebdth 28] Al inorganic bacteriocide®] A|-&Elo]E<}
ATHOl| 354202 Tfro] e HwOo=2 PVC/IB/ATH &
Ao AxES st PVC/AB/ATH 34419 14

Figure 2. FE-SEM microphotographs of different types of PVC
composites: (a) PVC; (b) PVC/ATH; (¢) PVC/IB; (d) PVC/IB/ATH
composites.

Z2 W, Aj424d A|2%, 20183

AR Z, Ag, Si, Zn& PVC/IB E-3t4A1¢] EDS Aol ¢
254, AR PVC/IB, PVC/ATH H34:A19] Al % 3
9} FU&H, O PVCS PVC/ATH E32741¢) O 8 ¢
Ale} FALBIATEY 9 A=, PVCol ATHS} IB7F 227
¥ PVC/IB/ATH B34S AZ2H 08 A|ZsITh
PVC/IB/ATH Sgtaxie] Mz 8. PVC/B/ATH H3H4
Ao H7F Al Z2Y A Wske A" wjgHo R Fls)
S th(Figure 4). ¥ AHANA S aureus®t K. pneumoniae
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Figure 3. EDS data of different types of PVC composites: (a) PVC;
(b) PVC/ATH; (c) PVC/IB; (d) PVC/IB/ATH composites.
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Table 3. Composition Ratio of PVC, PVC/ATH, PVC/IB, and PVC/IB/ATH Composites

Composition ratio of PVC composite

Samples
C Cl Si Al (6] Ag Zn
PVC 43.99 42.78 "N.A. N.A. 13.22 N.A. N.A.
PVC/ATH 42.40 40.50 N.A. 0.88 16.22 N.A. N.A.
PVC/IB 41.33 40.99 0.56 0.56 16.11 0.02 0.43
PVC/IB/ATH 39.13 39.67 0.52 1.75 18.51 0.03 0.39
*N.A.: Not available.
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Figure 4. CFU analysis of different types of PVC composites: (a)
S. aureus; (b) K. pneumoniae.

o 25 PVC/AB/ATH E34A¢ A7 A, ZEY S 47}
1% \Pte 7 7AZEQith o] PVC/IB/ATH B&4A] ¥4

o] EAst= IB7F 23 A S aureus, 13 /342
K. pneumoniae ZFNA 2] 37 T35 sl A4
S Y & S Jon, PVC/IB/ATH 327 o] aht
g-848 JF3I}. 3], PVC, PVC/ATH E3t2A4] 27} Al
15% PRk a5td-S JePdS ERIsi e, PVC/IB 55
2A) A7 Aol 99.9% o<l e Yepsith ¢ 2
= ATHE Helg]otel] tish shgelo] wjn|she: oju|git},
Table 3¢lX] PVC/IB, PVC/IB/ATH E3HA1¢] Ag, Zno] 3t
o] Aol A BIEF o, o= PVC/IB/ATH &%
Fre] B2 Ag, Zno] BHE|o}E AFEAE 8 2
AL Alrfeic) 22

Figure 5. Turbidity of different types of PVC composites: (a) S.
aureus; (b) K. pneumoniae.

PVC/IB/ATH S&tAxj o 3. PVC/IB/ATH
Aol H7 & o F ¥skE Eie #2431 Figure 5
o]l YeRNQlth =2 A3 pVC/IB H34A 9t PVC/IB/
ATH E-3F2A €] ODggo @l 7401 99.9% 1% 7HAFHS &
Q13T PVC/ATH E3aAe] g Hslr} vujglh of+=
ategjolel] sk ATHS] H/do] miu|al7] wiite|c), 2 A}
2 PVC/IB/ATH E¢taA]e] atgo] F=Hom, 17
FAHEA S aureus B 13 3] K. pneumoniae B
NA 8-S e

PVC/IB/ATH S&ax] EHOHM 22| A .
PVC/IB/ATH &34 oA 2] a8 WHal= drop-test
£ ARE-SFITH(Figure 6). YLg PVC H34x)e] sEHA (7
2, M2, Eol: 1x1x02 ecm’)ol] =28 #2] - HIlE =

—_
Rl

= =
-= 5
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Figure 6. The drop-test of different types of PVC composite: (a) S.
aureus; (b) K. pneumoniae.

A5t A3}, PVC/IB/ATH B3] W QoA S, aureusS}t
K. pneumoniae’} FL3HA 99.9% ool F++ES e
t}. o] PVC/B/ATH Egt2a) o] EAlsle Ag, Zn7}
E9 9ol SAsk=s FS TEIJANAES YERAIT.

PVC/IB/ATH Sgiaxfof| o[t dzat AkFe| 2. PVC/
IB/ATH EgtaAel] ofgh Ae+ 9 Aol wshe F3dn4
o7 Felalith(Figure 7). PVC/IB/ATH Eg4A)o] =28
S. aureus®} K. pneumoniae 55 Aw2] $7F IA A4Sk,
ARt = Wshe 719 gl ol PVC/IB/ATH E-9k4A)
of wigtel 1BS] Agét Zn Aol &l ¢ Aol A
< Vet

SHHIMAESEXSE. LOIE F3lo] E3tia)e] JdAde g
015} tH(Table 4). PVC2] LOI 3h-& &7 & 7k 403
H]S=3t 40395 YERIIL IBE $H13E Al ddAl S &
F8 AHL 27 44313 44719 LOI 32 7HA ek &3
IBe} ATHE 233t B3taa)e] LOI= 47.152 71 =4

Ueldth LORE 287} A 89 daAdS Frlehs AFE
A AB7E AAEE A St a3 430 Ak S
ou]stH, LOI kol 25-30 o g 7% JddAdo] e A
ashyd E2=Z BRSSP IB7F BT A g JA
Aol &S 7P =], ol IB Well e ATt EL]
Al 2]t ko =z Ale] k2 H|walH PVC/IB/ATHS] Al

as
A
X3}

ZEH, A42H A2%, 20183

EEREESS

B3] - Aol WThA - A YR

Calcein-AM PI Merged

(Live cell) (Dead cell) Image

(A) ik ] s ol
Neat PVC
PVC/IB/ATH

Calcein-AM PI Merged

(Live cell) (Dead cell) Image

(B)

Neat PVC
PVC/IB/ATH

Figure 7. The double staining images of different types of PVC
composites: (a) S. aureus; (b) K. pneumoniae. All scale bars repre-
sent 10 pm.

Table 4. Limiting Oxygen Index Test of PVC, PVC/ATH,
PVC/B, and PVC/IB/ATH Composites

Samples Limiting oxygen index value
PVC 40.39
PVC/ATH 4431
PVC/IB 44.71
PVC/IB/ATH 47.15

o] ¢ko] PVC/ATH E§taA9] SRt om Al ZEZ §
e =9 3l 549 AYA 23 AT ALRE

AUFZEMMH . PVC/B/ATH E-4A 0 thsk 44 &4
Wsh= TGAZ 2181 th(Figure 8). H7He Fejo] E7o
w2 g7 EAJo] M3l= Table 59 YERiAOH Eatix)
o] B¢ & Wer} QlAth 27] ¥l &= 71HE 5, 10,
20% Al FZHOE yro] AW RW, neat PVC7F 7HE =4
5% FHATE ol R Rtk 23y 10, 20% o] Ay
Ae wo] e BE AMEIA Bl S AT Tt
650 °C 77kl HaA) 7Hzhe] &g vlalshd, 7t
® Fge] kol vlEste] PVC/AB/ATH E3taA) o] #&
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Figure 8. Thermogravimetric analysis of different types of PVC

composites: (a) thermo diagram; (b) initial degradation temperature;
(c) residue at 650 °C.

Fol AlY wWol 4= o= ATHO| Al IBS] Ag 4
HE0] B 2ol RallEA] ol I deS vERITH

z =

B AFoA= PVC Aol IB(silver/zine/zeolite)2 ATH
£ HE3t] PVC Al 3t |t B8 Fofsted Al
9] Z:L?-?Jr shAfell FeoFgk A 71gtel] 83 = e Al
A M AFE FAEIATE 16.7 wi%e] 1B} 4.8 wt%e]

ATHE PVC _:JHOH | 3s 2, intermeshing &3]3 0]5
=712 ARSle] 712 1em, AlE 1em, 57 0.2 cm 27]

g

255

Table 5. Thermogravimetric Analysis of PVC, PVC/ATH,
PVC/B, and PVC/IB/ATH Composites

Initial degradation

Residue at 650 °C
temperature

Samples

(T, °C) (wWt%)

Weight loss(%) 5%
Neat PVC 280.90 28.80
PVC/ATH 278.98 29.75
PVC/IB 271.11 36.86
PVC/IB/ATH 275.41 40.03

o g8 =4 AHF 7IE 1om, AlE 8em, T4 0.3+
0.005 mme] A4 =4 AlHE AF33 Tk PVC/IB/ATH
B304 3 2 AE 242 FE-SEM3# EDSE 53 &
o153} th. PVC/IB/ATH B84 9) &3S g A
21 v, drop-test= zxg staReH, ‘#EﬂﬁloH A 9 5
ARFE] Wgh= olF FAHS o]gste] SIS FE-SEM
© 2 IB¢} ATHO| it %= PVC/IB/ATH E34A1¢] 34
H3l= vu s 80189t} o] PVC/IB/ATH E-3H2xA)
#19] A2 (roughness)7F &3 dd 540 G 7]
A 22 ov]gitt. PVC Aol wigte 1BoF ATHO| &
ZFo Al O FEoZ I35 t) PVC/IB/ATH 3449
7%, Al2] gFeFo] PVC/IB, PVC/ATH E3271¢] Al 3H
Ao} x5S Folal e, Ag, Zno| TS PVC/IB £
GaA] AdHet IR 11T} PVC/IB/ATH H¢4
Aol &+t AE AT, 99.9% olde] AHHE YERAS &
T A, A Y, drop-tests F3l g1k o, o]F
P S o]gate] BAEAQ Tt AHE =EF3IGA e
A EEAT 5788 F3te] PVC/IB/ATH H34A1¢] W
AE AT & Uden, ATH] v AFo=z &3
E o

R

Ji

7] ¥bgo] dojul, tlEo] ATH, IB Holl & Ale] 9
o "ol Srkeke S ERlsiith Bl &
] BAe] Hel= TGAE B3l SA3Ier d454d &
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