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Preparation and Characterization of ClO, Self-Releasing Smart Sachet

Junseok Lee, Hojun Shin, Sadeghi Kambiz, and Jongchul Seo*

Department of Packaging & Logistics, Yonsei University, 1 Yonseidae-gil, Wonju, Kangwon-do, 26493, South Korea

Abstract Chlorine dioxide (ClO,) is widely used for post-harvest sterilization treatment. However, there are limitations
in the retail application of ClO, due to difficulties in handling, expensive facilities, and safety concerns. Therefore, it is
necessary to develop a ClO, technology that can be easily applied and continuously released for a long period. In this
study, a series of ClO, self-releasing sachets were developed. First, poly(ether-block-amide) (PEBAX) and polyethylene-
glycol (PEG) composite films containing different ratios of citric acid (CA) were prepared using the solution casting
method. The as-prepared PEBAX/PEG-CA composite films were evaluated using FT-IR, DSC, and TGA to confirm
chemical structure and thermal properties. Subsequently, PEBAX/PEG-CA composite films were designed in the form
of a sachet and NaClO, powder was transferred into the sachet to achieve a ClO, self-releasing system. The ClO,-releas-
ing behavior of the sachet was investigated by measuring the release amount of the gas using UV-vis. The release amount
of CIO, increased with increasing CA contents owing to the existence of higher protons (trigger) in the polymer matrix.
Further, CIO, gas was released for a longer time. Therefore, the as-prepared smart sachet can be tuned according to appli-
cations and packaging sizes to serve an optimal sterilization effect.
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PEBAX+= oMAlvk(Arkema Co. Ltd., Paris, France.)oll4]
TufstAh oleE2 tlA 3l (Duksan Pure Chemicals
Co., Ltd., Ansan, South Korea), Z&]ol|l€#ZF2]Z(PEG
35,000MW)} FA2H= 99.5%), oFEAARIESF (NaClo,)
& Alant L= (Sigma-Aldrich, Inc., St. Louis, USA.)
oA Zkzt Fajaiglnh. 2 Aolx= Eol<F(Deionized
water)& ARSI oM, BE 318t oFF-S F7HAQ1 HAIR
o] AR&-E 3Tt

2. PEBAX/PEG-CA SR EE MZ 3 Ml M

B A9 PEBAX/PEG-CA E3ZE2 Table 19| &3
< 7 A el whek 22t S0, S1, S2, S30F
Fastnt. 9852 739 80°Ce] 70% ol ehE(87 g)°l
PEBAX(13 95 #7Fst the 2417 &< AR & o]

Fig. 1. Example of Smart Sachet.



Vol. 29, No. 1 (2023) Olrtatd A AHA| Bha ~

Table 1. Compositions and sample codes of PEBAX/PEG-CA
composite films

Composition(g)
Sample vy -
PEBAX PEG Citric Acid
SO 13 1.3 0
S1 13 1.3 0.5
S2 13 1.3 1
S3 13 1.3
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T d"hx HFA|(MH - iss 350 10, Gwangju, South
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&l Stk 54 2= Wels 500014 150°C,
£5 10°C/ming AAE$)7] dlollA] R8st B¢k
o] s 2w X 7]1(TGA, TGA 400, Waltham,

e
01}4 oW
Iﬂi Mo o X o 8

= 95
MA, USAE ol&sld &3 2% HL= 30914 800°C,
S &% 20°C/min 202 =433t}

O_L4

8,

CoMstA A WE B

2 o) oislle Tks WE EdE Wrle] Y
ohs) MR fHe] ANAE) 3FoT sk S8

NHE ARIOl RIZ 2 S 017

w

< 3mLe] == tiAlste] AR $ HIX|EIATE 10 mL
T/‘]'ﬂi 5-7°C SH73 oA %ﬂ B3 B 3mLE 393
4

(Shimadzu — UV2600 Tokyo Japan)— AFQOFOQ =3 A
ZF 6M7E ol R =R 244 7vi SASIT S5 7]"\
] %= Beer-Lambert HZ ol we} vk} 2Fo] ALkt
Aet.

[CIO,JM)=(A/1 ¢) )]

714 A= 360 nmollA Al59] 8%, 12> AYG A A=
Zo](1 em), = oS4 & FFEE YERH, B &2
she o]Aksld Aol B F3EE 360 nmollA] 1250 L/mol-ecm
2 2aEcP0. 9] WA EEE AR o)ikald A
o] EAE(67,450 mg/molyS F3l ClO, mg/LZ A4E
EEE =

an o o3

1. 9490 X 2N
PEBAX/PEG ¥ PEBAX/PEG-CA E3dE9| 3}e-3
FEAEE Rlstaat 7t 59| FTIR 24435 Fig

20l JERATE

PEBAX/PEG-CA H3EE2 PEBAX/PEG H3HEe
N-H bond(3,292 cm™), C=0 bond(1,737 cm™), C-O bond
(1,223 em™), C-O-C bond(1,094 cm™)2] EAF =7} 21y

Citric Acid

Transmittance (Arbitrary unit)

\‘f\/“’\ [ emmax

o N i
o ;
.

1
'
i

o i i

| I | 1 1 | M | F | 1

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm'])

Fig. 2. ATR-FT-IR spectra of PEBAX, PEG, citric acid and
PEBAX/PEG-CA composite films.
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Fig. 3. TGA curves of PEBAX/PEG-CA composite films.
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Table 2. Thermal properties of PEBAX/PEG-CA composite films

HIZ AR | - M B2 B 245t K

240°Cy= ko] e, 7 WA Eel 913(350-450°C) =
PEBAX®] 4% A el 719
HE o] ST TN FHE0R 8 Bt

==
o
BB HsE o] Gia) TR} e

2

o] H2Z(75-85°C)ellA] & Wsl7b BAYSA] gova
PEBAX/PEG-CA Z52 AFXA 28] 7l slo=
Al ),

Fig. 4 PEG flake, PEBAX/PEG PEBAX/PEG-CA
B3] DSC 84 295 HoFH, 29kt 3hS Table
20 7174183} PEG flake:= 60°C F-ZollA] melting &
A& YEbAT) Thanakkasaranee 5272 X0 o]
PEBAXE 16°C 52014 melting A4S Ho|v, o] PEO
9] soft segmentol] 7|Q13H}, 9] ZEAE E3HS PEBAX/
PEG 252 PEGY T,,7t 55°C2 #Asom, o=
PEBAX®} PEG®| “J5#-go] WAsh= 2o o et
WA, pAste] Fhero] SRkl whet T, 2 oF 15°CelA
oF 20°CE Z718I9eH, AH,, & oF 15)/golM 1)/ge 2
et ek, T,,= Tk A7RRS w 48°C7t
2 F7H o2 AaEoit). o FT-IRS] Axix H& v
Ega | FAzke] 7F25A]7]7F PEBAXS] SlO|=EA]7]
o} ol =H| 23} v Ik 27 7Fo], PEBAXS PEG
o] So|=FA7]9 7k Ake-S Jol Aog HAuET 5 Q)
t}. o] A7= %3, PEBAX, PEG 794k ®F 7Jg

=
of ulg} B3AFe mEYze F IS F= AT ¢
F SUvh EE, ToF EAeH] AL Als"e] S5 AT
k= PEBAXS] T, 2 3|8 S7kl7] Wiel, A2 ~
A TN e Al B
TF2A AT FYT - dS FoE FAHT

DSC TGA
Sample 5 3 R -
T (°O)* AH,,(J/g) Tna(°C)° AH,,(J/g) Tys0,(°C)° Ta10%(°C)" | Residues(%)*
N 15.5 15.1 552 14.2 390.7 401.2 42
S1 15.7 13.4 55.6 215 359.3 391.7 43
S2 19.6 7.1 53.6 18.6 241.8 379.7 4.8
S3 20.4 0.9 47.8 8.8 206.7 225.8 4.4

*“Melting temperature of PEBAX phase and PEG phase in PEBAX/PEG-CA composite films, respectively
bdMelting enthalpy of PEBAX phase and PEG phase in PEBAX/PEG-CA composite films, respectively
5% and 10% Decomposition temperature of PEBAX/PEG-CA composite films, respectively

EWeight percentage of residues remaining at 800°C
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Fig. 4. DSC curves of the PEBAX/PEG-CA composite films.
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Fig. 5. Releasing test of PEBAX/PEG-CA composite films.
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