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Preparation and Characterization of Low Density Polyethylene (LDPE)
and Flower-like Zinc Oxide (FZnO) Composite Films

Insoo Kim, Hojun Lee, Dowan Kim, and Jongchul Seo*

Department of Packaging, Yonsei University, 1 Yonseidae-gil, Wonju 26493, Korea

Abstract Flower-like zinc oxide (FZnO) was successfully synthesized via a sonochemical process. The chemical struc-
ture, morphology, and antimicrobial properties of as- prepared FZnO were investigated. Additionally, pure LDPE and five
different LDPE/FZnO composite films were prepared with different FZnO content by using a twin screw extruder.
According to the FTIR and SEM analyses, there exists weak interfacial interaction between LDPE and FZnO. Compared
with pure LDPE, the LDPE/FZnO composite films showed UV barrier and enhanced antimicrobial activity against Esch-
erichia coli (E. coli) as a Gram-negative micro-organism and Staphylococcus aureus (S. aureus) as a Gram-positive
micro-organism. To enhance the interfacial interaction and good dispersion of FZnO into the LDPE matrix, and resul-
tantly to such as UV barrier and antimicrobial properties of LDPE/FZnO composite films as the packaging materials, fur-

ther efforts are required.

Keywords Flower-like zinc oxide, Sonochemical synthesis, Composite films, UV barrier, Antimicrobial properties
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2 AP E 22T S ol8ste] £ BY FH
(flower-like)?] ZnOELH(FZnO)S A|Z3tA} gt FZn0O2]
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A (LDPEP] =5t ARl H87FsdS @l
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A ogokth. AESE FZnOol| tiet s18H 54, RERA]
(morphology), 334 574 % gxtdel tisk B4s HAlst
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Aol tigk sk 54, =&, 33 54 283

4 245 AAskT

ot

MZ ¥ owy
1. &

2 AFelM ARGE AFEES v 2k 3 g/1070] &
A4 (Melting Index)2} 0.921 g/ece] B=E 71X LDPE
G, A, tigil=), oREA ofdo]8}=((CH,
COO0), Zn2H,0); MW: 219.51 g/mol, F)NE3H=, A&
3l =), ABRFES (NaOH; MW: 39.99 g/mol, (5+)tH
Ak, AlE, te=)S USRI & A7 BE AJof
& F7F BAHE glol ARE-sHiTt

1) T2Y MopA1 (FZnOY2 Y Q| KT

B A9 FZnO % Az thaat ZohFig 1)
A, S EAF o}do]53HE 10.98 g& TR/ 500 mLo]
0] O EAL ofdolesE EolS A|lZEIITE AdollA
TAEREF 10 g& S7 500 mLol| H7lste] Faksht
EF 78IS Azt Az FASUES 78
O EAY ofdo| s 8-S A7 the 30 B3t
24 27 E](IKA® C-MAG HS7, o]7k=a]o} £33
Ab g, HiESHE o]8ste] wRbskint. wRkst &3k
S 253 33)7](VCX750, Sonics & Material, Inc, New-
town, PI=)E ol &sto] 1587, SHF 20% £10= Wy
AZTE BEEE SRS SR ASEolE o83t
o] JEjgt & FRTE 33 AFsIIT *ﬂzﬁﬂ =F=Es A
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80°CellA 12A17F &<t AZRAI AT

2) LDPE/FZnO BgLE9| HZ

uﬂ% LDPE/FZnO E3HFEE9] 4&E378S Fat7] Aol

2 U FZnO 22 32 EARS 93] Table 19] 24
2 LDPEFZnO 5% 724 %I (Compounding resin)ye

HA

10.98g Zinc acetate
Dihydrate
+
500mL distilled water

| 10 g NaOH + 500 mL distilled water
J——

Mixing by a magnetic stirrer

for 30 min

v

Sonication for 15 min

l

Filtering, washing with deionized
water, and drying for 12 hr at 80 °C

¥
FZnO

Fig. 1. Preparation of flower-like ZnO (FZnO) powder.

Table 1. Composition of LDPE/FZnO composite films

Sample Code LDPE (g) | FZnO (g) | Total (g)

Pure LDPE 300 0 300
LDPE/FZnO 0.3% 300 0.9 300
LDPE/FZnO 0.5% 300 1.5 301.5
LDPE/FZnO 1% 300 3.0 303.0
LDPE/FZnO 3% 300 9.0 309.0
LDPE/FZnO 5% 300 15.0 315.0

Az Azt 7H 242 Avlked L 80°ColA 12
A7 &t xS F GF)HR-EIEAR] BA-19 Twin screw
extruder systeme ©]-83}] LDPE/FZnO 53252 #|%3}
ot AL R 2 HE AF A screw EIE 22+1
NmZ FAEUNL, 7FF25E Header, Zone 1 180°C,
Zone 2~5 (Metering and Compression Zone) 185°C, Zone
6 160°C, Zone 7 (Feed Zone)ollA 120°Ce] A0 2 A
Itk A28k LDPE/FZnO E3EE9 5= 5543 um
oz fA319eH, 59 7= Mitutoyorke] Digimatic
MicrometersZ 13131t}
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9] AxENL A3lA PerkinelmerAle] 5345 7]
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Azg FZnO ¥ 9 FZnO 29 $Hego] W& LDPE/
FZnO 53250 RERAE A8 flat] FErFE] +
AR 7 (SEM, Quanta 250y ©]-&31%.0m, 24 A]
PyPd I® & o|uAE Y33t} 3, A xF FZnO &
I3 B R RERAE gRle] fI8l] Xeray diffrac-
tometer (XRD: Ultima 1V, Rigaku Co., Japan)S ©]-8-3}]
20 ol W S o8t STt ol Fde
CuKa (3=1.5406 Ays AME-3113L, Z78 9= 10~80° (20)
olt}.

AZgk FZnO %e] 3+ (antimicrobial properties)S
R3] 9t KS J 206 FH ZETH)S ARE-3H
BAS AASIATY FF2E Escherichia coli (E.
coliy?} Staphylococcus aureus (S. aureusyS A3 Th 1
g X449 E coli= ZnO (1 g)7} B7] Nutrient Broth
10 mhel ¥iFEAL, S aureuss FZnO (1 gyb €71
Tryptic Soy Broth without Dextrose (10 ml)ol| W3} Th.
HFet Al A S 38°C, TS 90%, 24417 FF v
gt & 45 SA Zn0 BEe] e sds w
Hoz AFe txwte] FEY FATE (colony forming
units, ©]3} CFU)9} Blasle] AdS Slsiict. Al %x3
LDPE/ZnO 3252 a7 A2 JIS Z 2801 &=t Al
HAHE o] L3P0 FFR2E= E coli®} S, aureusS A}
Balior, 3 5719 Wi 255 38°C, HdHEE 90%
2 fAsIAeH, 2447 & FZnO9] 3=t 3 LDPE/
FZnO 2259 42 CFUY F=2 EIsI8th g
3, 2 (D) o]g3dle] A H]S(Antimicrobial rate, R

(%) ALY
R(%) = (B - C) /B x 100

o]714 BE thx%] Pure LDPECIA 244]7F 59
8+ E coli & S. aureusdl T3+ CFUClZ, Ce H¥+2l
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A5 Ao Fig 20 YERRIEE FZnO #oll=
40~60 nmFA<} 200~450 nme] HolE 7F o]xe]
21719 o] ARC] RS FEE ol R A 1l
& 4= k. FZn02] YAE7]E= 0.5~2 ume]o), Aol
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(a) FZnO (x20,000)

() LDPE/FZnO 1%

Fig. 2. SEM image of FZnO powders and LDPE/FZnO com-
posite films.
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Fig. 3. WAXD patterns of (a) FZnO and ZnO (40 nm), and (b)
LDPE/FZnO composite films.

Holrshaolr vEhe o] 1291 dlo]==47](-0OH)
7} 3076 cm oA HE 32 BY, FEEAANS (carbo-
xylate)°] WERN= asymmetric stretching vibration (C=0),
symmetn'c stretching vibration (C-0)9] T|I+= 742} 15483}
1434 em™, 725202449 WE7](-CH,)elM YERR= ben-
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STHY, A28 FZnO 2] 75, o EAL ofdo)4=3}
oA BEE 549 =7F ARG Zn09] 54 =27t
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Fig. 4. FTIR spectra of (a) zinc acetate dihydrate and FZnO and
(b) LDPE/FZnO composite films.
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LDPEE 8814 QbgAl, SRAehy, F34 5o 448
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ZAfelth 92D FznO #e] hgslel] w2 LDPE/FZnO
B3 E9 Az 9 LDPES} FZnO #49] 45242 3
?18k7] flste] FTIR 45 AAlsielen, 2 A3E Fig
4(b)ell YERNSITE. LDPEIX 2AE= ~CH; I3+ 2916
3} 2848 cm! (asymmetric stretching)ollA], -CH,- 1468 cm!
(bending deformation), 1376 cm™ (symmetric deformation)
Z2]3 718 em™! (rocking deformation)ol| 4] EelalirH422),
419 cmolA VERE FZnO2] 5493 de] kol
71l wet w=2] Al7]7F F713Ith. Pure LDPES}T 935
HwgS w), FZnO £2e] o] Z7igel et 419 cm?
oA Yehd Zn02] 549129 Al7l= S7HERANE A2
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3l Eabgdo] st 2l AT g Ao o
e} 2419
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FZnO E3r8 80| LDPEAF FZnOe] T 7)o Ao &
Ahs AL owgit}, 58k, LDPES] J-#3]49 =21 20
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o] Y2 739 LDPE WiEE X W] 2 FAkeo] BdE W
TESE IAFAT, 3%e)de] L Fgie SFEE
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¥Wol| LDPE mjEZ 29} 7331 4
el 7Sk FZn0e] =902 Q1% LDPE £4d87F 4%
28-S WesIl7] Wt 2 ARRE o]F fldted, o]FA)
B2 A5AES & 4 Y= FZn09] x|} AE-shA
=)ol tigk F744 A7t Fasit?

15A8e 5 Qe 287

6. FZnOE2 1} LDPE/FZnO EBLEQ Z 5N EN

TRz G- AL T 7AFA 7R Ho) 3
S}l Zall7h wAsle] ikl Z1A1A o] #stet W
g of7|A7IH, FHE K2 WAEE PR TAE
AFoZ Holslo] 2H AFe] MY AslE oAl
o222 Fig, 5(ays A3 FZn02] AA 3471558 &
18t7] 918k UV/VISEAS eIt 42 E- 369
nmel|A] FHd) zpe)a F4ago] AT AgATlr e
bulkdt FEj2] Zn02] HAE HZ (exciton emission)ol] ]3|
290~320 nme] #2)A B9} 370~380 nme] A4 AS F
FEtha HaE] s QU A %38 FZnO £22] SEM ©]
HA & RIS (Fig. 2(a)), =719] #HEo] T34 £
%9l bulkg FZnOE ©1F31 JE AL I 5= Ut} o]
213k Fao)| oJaf A %3 FZnO L &39|=8t APAF
oA A%3F bulk ZnO (3.40 eV)y= H|S=3F 2F)X F4A
& Hola uial AHHETHTS), T3k FZn02] Apejal
o S ARk Hitsl Al B3dE ] ARAds
HE FAT 5 Qe Aoz AohEnt

ol#fdt 7S gelsl] flsted, FZnO Edshaol ue
LDPEFZnO 53E52] AR AAEAS Rleiglon 1
A3} Fig. 5bell Jeidch 53], 9] d9n) F,
200~370 nmollA} FZnO &9 shafo] =
A F 93t S BRI & ok sAIRE FZnO
o] F7istel wEl dio] EFHIAAA 7HAgH G ol
Ae] Fahgo] Yol AS ERIF & ATk ©l= FZnO
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Fig. 5. UV/VIS spectra of (a) FZnO and (b) LDPE/FZnO composite films.
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2181 tHTable 2). FZnO #2He] 3o W& LDPE/FZnO
EGE O et A RS AAESITE #FEE E. coli
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Table 2. Antimicrobial activities of as-prepared FZnO against E. coli and S. aureus

Sample Code E. coli R(%) S. aureus R(%)
Control - -
FZnO 99.9 97.8
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Table 3. Antimicrobial activities of LDPE/FZnO composite films against E. coli and S. aureus
Sample Code E. coli R(%) S. aureus R(%)
Pure LDPE - _
LDPE/FZnO 0.3% 334 453
LDPE/FZnO 0.5% 74.9 49.9
LDPE/FZnO 1% 68.3 72.3
LDPE/FZnO 3% 84.4 64.7
LDPE/FZnO 5% 90.0 71.7
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