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A2 A5 9 I

2.1 43 A=

Poly (butylene adipate-co—-terephthalate) (PBAT) (Ecoflex F Blend
C1200, ¥ % 1.26 g/cm3)x BASF Company(Seoul, Korea)ol| A F-ufjsliom,
ARG A 60°COl Al 24417 BF 1ZAZ F ARESEQITE. Chloroform (HCI3,
GR, % 99.5%)% Copper(I) nitrate trihydrate (EP, =% 99%), Zinc
nitrate hexahydrate (EP, % 98%)= WA 3}=(Siheung, Korea)olA T3}
o] A3}t Microcrystalline cellulose(MCC) (Avicel® PH-101, 94A} =7]
oF 50pum)+= sigma-aldrich korea(Seoul, Korea)ol| A —Fufjsle] ARE3STh 7+
A= ¥ vE(HomePlus, Seoul, Korea)ol A +13tlal, 4], F9, &4 &

379 EFTE ARSI

2.2 95 H39 Ax WU

2.2.1 NCC9 Az H¥

NCCx MCCZHFH Ab7t4ialE Bl AXREHATH9). MCC 1 g& 45°ColA
10 mLe] #2H55%, v/v)S H7Este] 303t 7hisletqlth. Ab7biEa] $o
v dgHe JARE4000 rpm, ZF @AUT 305 B3 A A5 AS A
Astal T4 pH7F & WA SHTE AMES FAS dsolth. v ute

&

dolxl Aol ANz BS AART Y4E 45 NCCE 33ty

2.2.2 CuONP9| Az HY



CuONP9 A2 old A& °oftt wWdste F3saith(10). 34.96 g9
Copper-nitrate® 1000 mL®| SR/l Zolil 70°CollA] 301t nlwketH &
Az o] oo 5 M FASIUGESR & °F 60 mLE F7lste] pH 6.7¢
St F, 70°ColA 2A17F Eob ZrEhekdith A2 2ol =2 CuONPs2
4 YER™, 3500 rpmoll Al 53t dAlEE et EE & FRTE 33, o
tha® 23] AlFRE & 70°Cel A 64
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2.2.6 82 XRD #4

o] XRD #4418 tE4 X-#lo] 3| dAE AF&3ste] Cu WA (A=1.54A),
40kV, 20mA ZZA 20=5~80°(=709 &% 1°/min) WA ZA3IA

d-spacing #< Bragg? WA 2(A=2d sin®)< AF&3te] AAFSHA T}
2.3 PBAT 533 &9 Ax ¥

Zglo] QES 0|83 PBAT FAE 60°ColA 24413 o] A=x3k 5 &nf

g o g BaHes Aztaleitt. PBAT 4 goll CHCl; 80 mLE A 718t
o] 48417+ FobF mmwkek 5 FH#(MCC, NCC, CuONP, ZnONP, ZBS, CaFe)
0.08 g& ¥ ITEAUe|AR sty 2dES HIZE HelZ= 3" d

frejakel] A" gk & Aol A 48A1%F HEA7)AL, 25T HHEES 50%9] =

2.4.1 PBAT E¥gZ2E9 ¥ FI=

e

59 FEgH EALS UV-visible #+FF=A(UV-3600i plus, Shimadzu
Corporation, Japan)E& ARg3sle] F43513th w3F A 2] Z}7] A Aol ol A

_‘:r
Aol A HAEES S48t 459 FaEs Uit 5% 4571 5

2.4.2 PBAT/CuONP Eg=E9] XRD £4]

59 XRD #4& t&H3d X-do] 3)AAModel Empyrean, Malvern



Panalytical Co., Ltd., Netherland)E ©¢]&3}o] Cu WAFA(A=1.54A), 40kV,
20mA FdoA S35ttt =4 s 20=5~80°(=71Yd &% 1°/min)3 2

™, d-spacing #2 Bragg? WA (\=2d sin0)& uwte} AT

2.4.3 PBAT/CuONP &= Z9] SEM 24

5 Yx=dxe] 398 JH= 3 kV 1A ko] "5 o]l ¥ FAF dAF 3
ZA(SEM, Model Regulus 8230, Japan Hitachi Ltd.)S AM&3&lo] #z-&gic I

2 WMZO 2o AAzrE 7o g e SEM AMZ Srld F a5t o]F& A
HE S S ALgste] MT Y gke o mystum tgd WM B
.

2.4.4 PBAT/CuONP 533 &9 FTIR ¥4

HE(27] 2.5 cm x 3 cm)9 FTIR #4& Fourier transform-Infrared #3%
Z % A(Model Perkin Elmer, Frontier, USA)E A}&-3}o] 4000~500 cm™ &%
Hel oA F3sta )

2.4.5 PBAT/CuONP EgdE 9 Ax 2 =37 BEIx

459 #nd g2 AEA(Model CR-400 Chromameter, Konica Minolta,
Inc., Japan)E& Ab&stel FAHHJOH, vxwoze AN ZHolElo =
95.76, ao = -0.38, bo = 2.94)5 A&tk AEo] A viZfEF= L, a, b
e 71+ o2 Hunter 4% HEE ARESte] 57 7249 1AM SAH AT
% M} (Total Color Difference, AE)& o}l A& o]&-3slo] ALt At

= [(Lo — L)* + (a0 — a)* + (bo — b)*1%®



AF] 357 FAEWVP) 542 ASTM E96-95 i+ HiS wet 35

5 cm A7]e] AAAE 2o ® 2231 18
atol WEatelh o]F 25T Bl 50% dd s 2dd 2 F% A ¥
F

(WVP)& t}3 2o upg} AAbE Aok
WVP = (WVTR X L)/Ap,
o7]4 WVTRS 92 &3 57 F34&(g/m2s), L ZE2 F7(m), Apt

e ET 757 dEAH(Pa)olth

=

fljo

2.4.6 PBAT/CuONP H3I2E9 T4 € 7|A4 EA

259 e "A49 mtola=2wH(Model MDE-25M, Mitutoyo Ltd.,
Japan)E AR&ste] 24 HEE 578 AFAM FAste] Hgte= yeErin <l
FAE(TS), IFAEEB), SEAFEM 22 7|44 542 Instron
Universal Testing Machine(Model 5565, Instron Engineering Corporation,
Canton, MA, W=)& AR&3te] ASTM D882-88 xweol wel AU A&
AMEZL 25 cm X 15 cm 2EHOo 2 Adste] AREsFSlth. TS(MPa)et EB(%)
= OEd ol ALkE AT

TS = F/A,

EB = [(Ef — EOQ)/EO] X 100,

2.5 PBAT Egd &9 H84 HU}

AxR BEEe 24 w8 oA wNE HaEds 9 EEW A w3



HaES Faetih. Agds Ful, e, Ul 5 37 FEel #AE AR
Fth s FxrEE AHE T AR A AxAA 2 FES A
%tk PBAT

NE wol 4 ABegth. TAEA & Ak HDPE o 24d Ax
Hzwo® ARESlT e
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A A A A (Model CR-400 Chromameter, Konica Minolta Inc.,
Japan)E AFE3te] 9= 0.5 mm AAZ F 57 X He|A Hunter color
values® A3t A% §F 22 & MAHAB)« #FE A2 27 9 F
< Hunter A gholl we} ALl= it

AE = [(L, = L? + (@, — @) + (b, — b)*]%°

2.7 BAAE

7)
HagtETFHAZ JeEFW Y. Windowg SPSS EAE4 AFH T2 138 A
f3lo] dY E4FEX(One-way analysis of variance, ANOVA)S $3)3}3t}



A3 A 2 1

3.1 A714 #39 XRD &4

2 Ahgd Y=Y A(MCC, NCC, CuONP, ZnONP, ZBS % CaFe-LDH)2|
XRD oJ®A|&= Fig 1o YeRt Atk () MCCeo (b) NCCx= AR e
XRD 35 RAFJ6). o]&= MCC7F 4t 7F23] A4 & &3 NCCE W3
7] wjFelth. MCCe F82 ¥4 15.3°, 22.3°, @ 34.4°0 el v,
NCCe ¥a+ 27 49 29729 15.5° 22.6°, % 34.6°014 #Z=HATH (c)
CuONP+= (110), (002), (111), (202), (020), (113), (311), ¥ (004)°] 54 7
A5 YERSEH15). (d) ZnONPe 8 =+ (002), (101), (102), (110),
(103), (200), (112), (201), & (004 lA H#HZHATH11). (e) ZBSS F8 ¥
A 9.1°, 13.5°, 9 18.3°°l4] HErgon, o] o] At Aol fAbg I
Folth(16). (f) CaFe-LDHO] F& 3=+ (003), (012), (006), (004), (110),
(113), (116), 2 (1010)°l1A YEFFTH12).

olg]g A= delE AFEE 7 Yt A

7}

< & W3] AAHAEE BT ols 7

. -
2 Ee AY B 542 e, 2% BB Az QoM Fa )
x dolEE ATAT oYl ARE BF BE YIH, /A4, S5 54
o HAsal o Fad 94U e
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Figure 1.
CuONP, (d) ZnONP, (e) ZBS, and (f) CaFe-LDH.
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de7t H7ke 28 PBAT 7w 252 deje] 540 s ¥4 FH=E &
HHqoz 2Addd Aoz 7|hEdr}t. Tanios 5 (202008 A7tol w=w, 7Ha}
+ 450 nm(FFHA) mpgol A o] Zh wo] WrAskal, 420 nm(E ) B
530 nm(EFA) A E e 537 YESE S, 735 nm(FAA) 3hgel A
v M 93 5388 BYu. UV-visible 3 FEAZ PBAT 7|¥ ZE 9
43S ul, CuONPE #7138k PBAT &332 Eo] 600 nm ©]3}2]

ggoll A F FHE7F GEA UEFSETHP<0.05). o] CuONP7F 7HApo] 5 2]
Ast7)ol A3ret PBAT H3E 59 FdS AAFeke. PBAT 7|vF H&59] 3

7}=+= Table 19 e} Ut

olelgt Avbe Wele FHe} gere] PBAT UEe| F Frpwo] 2 L vl
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Table 1. UV-visible light transmittance spectra of PBAT-based composite films.

250 nm 300 nm 350 nm 400 nm 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm 750 nm 800 nm

Neat 1.30 0.62 1.65 1.28 1.96 2.93 3.78 5.33 6.60 9.39 11.27 13.64
PBAT + 1.23* + 1.10* + 1.77% £+ 1.08 + 0.68™ £ 0.97° + 0.77° £ 0.78° £ 0.97** £ 1.60¢ £ 3.92% + 3.40
PBAT/ 0.69 0.87 1.22 1.17 2.31 3.22 4.51 6.26 8.31 10.40 14.19 16.25
CaFe #+ 0.80* £ 1.11®® £ 1.73®® + 1.11® £ 0.98> £ 1.17* £ 1.46>™ £ 1.63>* £ 2.07¢ + 2.71¢ + 4.36¢ + 4.22¢
PBAT/ 0.92 0.67 2.19 1.77 2.57 3.38 4.37 5.55 7.31 7.86 10.98 12.65
ZBS £ 1.01® £ 1.22% £ 2.10° + 1.19° + 1.68° + 205 £+ 227" 4+ 268" £ 298> + 403" + 567" + 5.49%
PBAT/ 0.50 0.70 0.62 0.34 0.82 1.59 2.78 4.57 6.76 9.18 12.97 15.87
CuO + 0.62* £ 0.86* £ 0.93° + 0.48° + 0.61° + 1.25° + 1.72° + 258 £ 335 £ 4019 £+ 569%™ + 5.75%
PBAT/ 0.60 1.43 1.30 1.22 1.79 3.19 4.42 6.19 8.33 10.64 12.86 15.26
7Zn0 + 0.96° + 1.63" £ 1.65®® £+ 1.00° + 1.08" + 0.92> 4+ 1.26"™ £+ 1.57 4+ 1.32¢¢ £+ 3.09¢ + 4,59 + 4.45>
PBAT/ 0.97 0.83 2.17 1.57 2.11 2.79 3.80 4.70 5.83 7.24 8.95 10.52
MCC £ 1.21* £ 1.22®* £ 206" + 1.31> £ 1.08" + 1.58° + 1.61° + 1.86% + 2.45? + 2.772 + 4.92° + 4.42%
PBAT/ 0.70 0.98 1.66 1.65 2.49 3.80 5.13 7.11 9.24 10.97 14.87 17.14

NCC + 0.93® £ 1.22% £ 1.94% + 0.91° + 0.76¢ + 0.84°¢ + 0.95¢ + 1.10¢ + 1.39¢ + 1.81¢ + 3.39¢ + 2.944

Results are presented as means =+ standard deviation. Values with the different superscript letters in the same column indicate that they are

statistically different (p < 0.05).
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3.3 PBAT/CuONP H£&ZF < XRD &4
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Figure 2. X-ray diffraction (XRD) patterns of PBAT-based composite
films. (A) CuONP, (B) PBAT film (C) PBAT/CuONP composite film
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Figure 3. Scanning electron microscopy (SEM) images of PBAT-based

films.
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3.5 PBAT/CuONP H3ZE<] FTIR &4

PBAT® CuONP Afole] 43285 <d7at7] $8), PBAT 7IWt Z&F9]
FTIR(Fourier-transform infrared spectroscopy) #4& $33%a, 71 23
£ Figure 39| Wely ok PBAT ZEolAd #28 2956 cm™'o] ¥4+ CH2
of BthA AF WES YeEbY, 1716 cm™'e ¥AE dxd"HE A C-0
A% AES FAEY. 3 1409 cm 'Y ¥ 3% trans-CH2-w3 AES,
1267 cm'¢} 1101 cm™9 A= C-09 diF AF HNeS vehdch 726
cm-1oA 9] 93+ CH-w3 s F5E Hekdt(13).

PBAT Z&3 PBAT/CuONP 5§ HE9] 4 A= 5dd Fol= Wgto

%

—
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Figure 4. Fourier transform infrared (FTIR) spectra of PBAT-based

composite films.
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S UEbdth Table 29 A¥e] wEw, PBAT/CuONP E3F HEe £
PBAT Z&dl Blaf Lak(H&=)o]l AA ZAaor, sA=-ANEE YHY= a
@ AN E-FAE S YEllE bate FoletAI(p<0.05) STt & A A
olZ Utell AEF MAPE-S 4= PBAT ZEo Hls) aA F7lste], 3
o] CuONP #7717} PBAT &9 Aol & &S vdvE 3 ¢ 5 4
t}.

+Z7] T3 %(water vapor permeability) =4 A3, 44 PBAT ZEo H
3l PBAT/CuONP &3t "Fo] 9t =2 #F& Yepoy o] ol FA 4
o2 FoaA LAUATHp>0.05). ©]i= CuONPE] H7M7F =57 Fapme] & 43
S FA ZSE NS ¥5d A3 CuS-NPE 718 dEdan 32
ATH1B). ol# &k A= CuONP7F ZE9] 7241 Fa% SAo A J3Fs
" X2 koS UERATEH
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Table 2. Apparent color and water vapor permeability of PBAT-based

composite films.

WVP
PBAT-b ]
PR L ME) a (38%) b (FA%E) AE (B3 (<10-11gm/
d films
m2-Pa-s)
Neat 94.61 -0.75 3.64 0.69 5.50
PBAT + 0.19°  + 0.02° + 0.07° =+ 0.04° + 0.13°
PBAT/ 36.89 7.41 12.64 58.93 5.83
CuONP + 0.63° + 0.32° + 0.98% + 0.65% + 0.25%

Results are presented as means = standard deviation. Values with the
different superscript letters in the same column indicate that they are
statistically different (p < 0.05).
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Table 3. Thickness, tensile properties of PBAT-based composite films.

PBAT=based 1 ¢ fhess (um) TS (MPa) (%) EM (MPa)
films
Neat 53.1 12.14 375.29 86.95
PBAT + 1.22° + 0.30° + 2.91° + 3.15°
PBAT 56.4 10.86 340.88 81.2
/CuONP + 2.43% + 1.01° + 94.88¢% + 1.25°

Results are presented as means * standard deviation. Values with the
different superscript letters in the same column indicate that they are
statistically different (p < 0.05).
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Table 4. Surface color of potatoes packaged with PBAT-based films for 6

days.
Varietar Day Packaging L (%) a (5¥M%) b (M%) (%-Azﬂi})
0 Without 64.68 -1.24 22.54
film + 1.52* 4+ 0.91° + 1.51¢
Without 59.64 -13.08 28.74 14.64
film + 344 £ 126 £+ 1.000 + 1.74°
60.62 -12.62 28.26 13.75
; HDPE  "3'gBed £ {740 4117 4 2.38%
PBAT 63.46 -11.80 28.08 12.27
+ 2.89%¢ 4+ 1.53° + 0.89% + 1.97°
o] PBAT 64.76 -9.20 25.62 8.81
T JCuONP £ 2.09®  + 1.89° + 1.63¢ + 2.25¢
Without 58.97 -12.08 27.01 13.04
film + 2.279 + 1.05° + 058> 4+ 1.51%
61.32 -12.49 28.20 13.35
. HDPE 1 73'57ed £ 106 4 043 4+ 1.72%
PBAT 61.99 -14.05 29.26 14.91
+ 2.93bd 4+ 1,409 + 0.36° + 1.74°
PBAT 65.39 -12.1 28.68 13.40
/CuONP & 509" &+ 2.25° & 1.54* & 1,95
0 Without 71.50 -4.63 21.53
film + 2.09° + 0.33° + 1.84°¢
Without 65.48 -9.10 26.95 9.60
film + 4.39° + 2,40 £ 4.65 + 4.65°
62.10 -10.11 26.95 12.36
; HDPE + 3.72° 4+ 1.81% 4+ 1.33*  + 3.69°
+ 4.03> 4+ 2.05¢  + 1.44b 4+ 4,19
= PBAT 67.08 -7.01 25.11 6.55
T /CuONP + 3.72° + 1.64° + 1.44¢ + 3.64°¢
Without 60.92 -11.04 27.54 13.85
film + 2.63° + 1.55° £+ 1.44*® 4+ 2.97°
61.48 -11.51 28.56 14.17
’ HDPE + 296°  + 150° + 1.30° + 2.96°
PBAT 60.35 -10.88 27.06 14.06
+ 3.91° + 2.41° £+ 1.98* £+ 4.60°
PBAT 67.01 -7.90 25.85 7.45
/CuONP + 3.46° 4+ 2.03* + 2019 4+ 3.70"
0 Without 72.15 -3.70 25.47
film + 2.92° + 0.82° + 1.23¢
Without 69.56 -7.51 25.54 6.00
film + 3.04%  + 2.53P + 1.83¢ £+ 1.79
oA 69.55 -7.42 25.68 5.83
3 HDPE —  "f 77 4+ 169>  + 1.23° 4+ 2.73%
PBAT 69.39 -6.52 24.96 5.01

+ 2.49b¢ + 2.42° + 1.91% + 2.33°
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PBAT 71.42 -5.84 23.70 4.00
JCuONP  + 2.07% + 1.88° + 1.55¢ + 1.37°

Without 64.54 ~11.02 27.06 10.89

film + 3.13% 4+ 202° 4 1.99% 4 393

64.06 ~10.51 927.98 11.09

’ HDPE + 2.86° 4+ 287° 4+ 1.90° + 3.51°
PRAT 67.69 ~9.30 925.85 7.71

+ 341+ 3.37° 4 243  + 412

PBAT 66.35 ~6.57 24.62 7.80

/CuONP + 5.77% + 2.70° + 1.59% + 4.84°

Results are presented as means * standard deviation. Values with the
different superscript letters in the same column indicate that they are
statistically different (p < 0.05).
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