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Abstract — Moisture is a major factor causing the deteriorative physical change, microbial growth, and chemical reaction
of the products. In this study, the moisture absorbing composite films have been prepared with moisture absorbing material
of polyacrylic acid partial sodium salt (PAPSS) impregnated on LLDPE polymer for the functional packaging applications.
The results showed that PAPSS impregnated film illustrated uniformly dispersed PAPSS particles in the LLDPE polymer
matrix. The transparency of the PAPSS impregnated film decreased slightly at higher PAPSS concentrations. An increase in
the PAPSS content for moisture-absorbing films showed a similar decrease in tensile strength, percent elongation at break,
and tear strength. Their values of films impregnated with PAPSS of 0.5, 1, and 2% showed no significant difference. Mean-
while, 4% PAPSS films significantly decreased the values of mechanical properties compared to the films impregnated with
different PAPSS levels. Values of the oxygen permeability and water vapor permeability for PAPSS impregnated films
decreased significantly with greater PAPSS. The results indicate that 4% PAPSS impregnated in LLDPE films had high
affinity of moisture absorbencies compared to the other films. The mathematical equation that best described the moisture
sorption isotherm of each film sample was the GAB equation at 25°C. The crystallization and melting temperatures of
PAPSS films were influenced by the addition of PAPSS material, but showed good thermal stability.
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2-1. HE =
Polyacrylic acid partial sodium salt(lightly cross-linked, PAPSS)=

md

A B BE) A 9 5 o 531

acrylate TE-Ao] UEF Qo] 7tusld 52 Fez Bk Qs 3
B2 Fd Elo] 31 ©™(Table 1), Sigma-Aldrich Co., (St. Louis, MO,
USA)ellA] F4)8ke] A8-5F3H). Linear low density polyethylene
(LLDPE, Hanwha 3126):= $t3}3}8H(Seoul, Korea)el| 4] &5 o} Al
Holl ARGl

2-2. 28 HZE
273t k] PAPSS B4 W8 TE-4 LLDPE 124k 5:4|9}
Zﬂ—i T]:':-L DO] ° —E—o] 0]'74] ‘gg‘ﬂ‘ :?: 26 mm i\.’l.a Z]7:](L/D ratio

=23:1) 711 ©]F §F=7](NPI Co., Wonju, Korea)s A3t 10%
(wiw) PAPSS T3 BI85 71 55 4] 2l e Azl
#83F PAPSS =l 5 Alzel =4 1ol mhE =/d st 5=
FHA43E 1Es1o] )% 2715 F 100 mesh® ZopA] ARESIATE
o|F 4=719 7F 77 5= A9 1, 150 °C; A7 2, 150 °C;
A&Y 3, 160 °C; ©I51E], 170 °C; the] 1, 170 °C; the] 2, 170 °CE
sl om, i A3 £S5 40 rpme| QAT AlZsh 1A; &
oh A28 40 °Col A 8113 BT 10% PAPSS RAE] Hix] ul)
gho]l FYU3k M4 LLDPE 45 60 mm ~=5 27 (L/D ratio=
28:1)S 7H 0% =715 7 1L 34E 37 (ARTS Co., Yang-san,
Koreay 531o] 715l PAPSS ¢ 0.5, 1, 2, and 4% (w/w) =
TE J28 eIt FekEe] 2L Ay 1, Al 2, oilﬂb}
H, EIO] 1, tho] 2014 160, 160, 170, 180, 180 °CZ Z}z} A A519]T}.
U 519 S5 80 rpm® 7FESISl o A ztsigit)
PAPSS %7} §1& LLDPE B E-& thX 12 -2 27l0llA] Alx3}
Sk AxSE FE AES Al Aol &Fum T2 3h9-2] oA
S F AXAE 23S xR 870l Hiksto] o] (= &

2.3, TE _A'{

PAPSS 5 ¥ 1t 574 9l S eoonl 2hrie] st
&wv]7g (Xi-cam, BestecVision Co., Gunpyo, Koreays AR&35}0] 2+
aloieh o) ¥l T TIAE ) 0] A12771(293-805 Model,
0.001 mm resolution, Mitutoyo Co., Kawasaki, Japanys A8-310] &+t
e etk 2 AZ 0 £ ASTM D1742] w1718 ¥
g UV/VIS 4 3= (Perkin Elmer Lambda 25 UV/VIS, Waltham,
MA, USA)Z 600 nmeA Z7d3}9lct.

2-4. 7 [N Rulz
B2 A FAEE S Slsto] A 8l R Foheg 217}

F7Rl. 50 AT T Ak F9571(8001 series model,
o

Illinois Instruments Inc IL, USA )—o‘ ]%5]'01 =4 A3} 1% A

Os__ONa

Chemical structure of polyacrylic acid partial

Powder particles

PAPSS

Magnification (x 10) of PAPSS partlcles

sodium salt

Polyacrylic acid partial sodium salt (PAPSS)

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014



532 ol#4 - &

A% 7k E5E 7F R9] AR Alolel] a1 308 w4
2 A3} Fo 3 Au= Ak 7EAS F9leka thE A
7tE A8 AE ABE Bl FbERE AR S
ATk ARRFIE FAA] Akl WA 71A0] 52 7 2
co/min® A37J31TE. ASTM D3985[ 18]l st 23 °ce] 2
T8} 5065%2 At Ao FRolA S FHE
ASTM F1249°]l "gA1E A3 W [191 -2 F2H=71(7001 series
model, Illinois Instruments Inc., IL, USA)= ©]-&-&}o] 5793151 0,
23 °C9} 83.9% Al 55, 10 co/min A F2] AF ZAo|A 4
skt

g
i3

Ir

%—:']_
q

B\ r
N

g
oo S o b

[e]

ﬂﬂ?‘.‘,

2-5. 22|18 8N

HE2] Q7L (tensile strength)2} 21%-E-(elongation at break)
ASTM D882[20]¢]l w2} RFsA1%7](UTM, Dae-Kyung Tech Co.,
Incheon, Korea)E ©]-&3l0] Z743I3ltt. A8 THaA13719] load
cell> 50 kgo] o™, QIAHEE 500 mm/min®|th, 25 HE A EE
0.25x 1.02 cmO.2 At 3 70 °Col|l A 48417t Eet FE AZo
Ao QAL 3EHel] galiEo] Sl s Al Slate] 1

23 BE AL 58 o) i AEE WAL,

£

2-6. e =M

5 TS TP ] Sl8te] AR (SEM, Hitachi TM1000,
Chiyoda, Tokyo, Japan)s A3l H5 A2 Y JbdS =
J3IATt. 4 x 3 em F719] AlHE Fol FH7](JFC-1100E, Jeol
Ltd., Japanyg ©]8-310] o] TS B 0. ME A EE 15kV
715 kS ARgEe] SAsIi

2-7. & X8

747} 0.5, 1, 2, T2 4%(wiw)e] PAPSS B2o] SHde HE25 1
2~y
T

vl oz MEZ PASSSF ARt A7 Al BA S uist
TS 2 UE R R4, ol 588l ASTM
E104(2007)014 A [21] 33} & £0& <F 33, 52, 712]31 7T1%E
TSI oF 1 g0 AMEL 2541 °C Z7ollA 18 L AH &7 F
I A5 S shego] o] st wje] FES tixd Al
(Sartorius Ag Gottingen CP224S, £0.0001 g)= =73t 2 A8
& 33] WHRo g Fslglom i FAHES 2] AR Sl o
3 mRg R A

néiﬂ

L

2-8. S=

o
T & O

]
b g EFL' oy
o

}-

Y oox
¥ FTO
EN
Y
-
Y
1o
S
ulJ]
s
o]
lls
o
;\Cj
=
Z
ol
N
i

N
N
N
1 of 0
ooﬂ%r

1
o U e UL 5%
F1

i)
all
g 1o

i,
i
o
i
X
\S]

=

g
Hu
3
i
*
19

M
it [e]
u
=)
o
>
i)
>
=2
ol
k=l
j>
M
i)
ox,
u
L

o
i
bl
2
oo

(o
e
ok

Yol U 870l Yol g=27]ollA &7
71802 AR FAE YA
AE AAAER S48 Al
o] o] o] AE R s FPHS Vo
& XS 235190 S5A 3 sl o
ZAE] H RSk Oisk 9 o F =

2E2 Table 20 YEFA Henderson,
}742] © & Minitab = 772 (Version 14,

N
-

fo
i
¥
>
X\

=2 52
T mH

y 1o
T oot
-
X T
10 >
ofN f
N —{U
i

]
et
T
=2

\

Jov
i)

f
mlt hi

m>

| (-

>
i
o
1
ol
o
3
i)
-
1%

T X

g TN < SN T 1)
g
)
1o,
ol
| >
O

o dju

Halsey, GAB, 18]

=l
o)
t
O3

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014

Table 2. Mathematical model equations

Models Equations®
Henderson  Ln [-In(1-aw)] = nln Meq + In K
Chen Ln (-In aw) =K - aMeq
Halsey Aw = exp (-a/Meq)

GAB Meq = C(K) (aw) (Wm) / ( 1-Kaw ) (1-Kaw + Ckaw)
BET Aw/Meq (1-aw) = 1/MmC + aw ( C-1/MmC )
*Aw is water activity, Meq is equilibrium moisture content, Mm is monolayer
moisture content, a is a constant which represents the slope value of the straight
line between the -InAw and Meq and n, K and C are constants

Mnitab Inc., State College, PA, USA)S ARE-alo] A8 gholl tfst 4=
sk 2l ]2 2o -8 A3 TAIG Fh(coefficient of correlation)Z}
@} A& (sum of squares for error) .2 H| W3FITY

2-9. 29X EM
AlZE PAPSS F59] &4 EAJE AL flgte] B2 HE
A, 2R3 9 dits) 25 SIStk Al 243 W He &
= 5792 Nz FAF | (Differential scanning calorimeter, Pyris
1, Perkin-Elmer, Netherlands)& ©|-8-5}01 #2415 AAIH5IHE 74
25 M 230 °CollA] 200 °CE 71, W7}, 718 S8l Alee &
25 =8t 52 $5= 20°CE DA 3 Aelol ast
. OlZ7= LLDPE 5 &S o 83I8ich A& 52 sl
w4 AFak B2 AR 2497 (Perkin-Elmer, TGA 4000,
Netherlands)E AT S22 5% Hel= 35 °CollA 900 °CE
R om, $ HE 20 °C/min A 07 FS )

2-10. SAHEA

Aglef|A] doizl HloJEl= SAS EAl &1 (Version 9.1, SAS
Institute Inc., USA)E ]85t 24sl3lon], Algite] A4 &
232 Duncan’s multiple range test = gk Alo]1e] 95% 2]/ d o
2 one-way ANOVAE ARE-3te] AX3IGITt

3.4 %

I-.--II

3-1. ZE2| 9N 54

=

& 302 AxE PAPSS 3 HE-2 delde] gl otk A
o
=

H
A FHE B om JE Fo] PAPSS YAFSo] TEA} jER Ao
28 EE A o® IEECH(Fig. 1). LLDPE 124+ 70|

PAPSS §iA} E3lo] A2 A& FHE kel 9le 2AS IAEF =
el 6ooul] B+ S F3le] El & = Q). 4% PAPSS 52
AHH R 0.5, 1, 2% PAPSS FEE R} 41 B2 A Hels
HERN L QIt}. 0.5% PAPSS BE- 2= oF2] PAPSS =4EE <
ao] Q)2 0% Al WjE A 3ol wllg- 2R A} FHEE of
3] FgEo] 9lom, PAPSS =4 oFol SV AE Hde] At
| garso] 34 e TP FEs 7)3vka dds 5
Utk tlgo] PAPSSE YEFEAT polyacrylic acids 45 7hsh
A7 BAZA 7t ss Bl A7 BAF AR 3R] 33t EEAE
SHrsh= el el 549 545 73 91om LLDPE &
A= F7do] Wo B PAPSS Aket FE A Alolelli= 543
o) 2 32 wAte] offal 57 do] T 7FsAdel Sl
PAPSS &% g2 AdHe LLDPE 1%AF -3 Sl PAPSS




Felolr2it LR olo] $RE B9 A B9 age) Al 9 5 Qi 533

A2 & 2AE eS D1 USITHFig. 2). o] F
— . : A= AE AE Tl HoFE 7 A el B8 A &

2 Ane) 28-S & = QI WS LLDPE W32AF wiEE A0 11
4% PAPSS YAFEC] 9 52 a¥E 7RittaL Gl 5E Y, g%o]
olgg Ayl wAl £ gdelA] vl 22 PAPSS RS0
LLDPE " EE] el =212 45 23 ¥2 LLDPE 134
TAER A LEE o S e Filippone 5-2[22]
0.5% PAPSS film (600 x ) 1% PAPSS film (600 x ) polyamide 6 7|1k 5] 221 BAR organo-clay UAE d71510]
] A|Z3E U 283 hydrophilic PA6 phaseS 714 11322} U)o
organo-clay YAFE0] U sHA] gk FEIE FAkE o] llon,
organo-clay %=3°] PA6°l £3E| 1S W organo-clay YA} 24}
AKEol intercalation T-%2} A HEjZ TEE Q)

)32 LLDPE EE3} 4% PAPSS 34 59 A F= 42
0.074+0.0029} 0.081+0.003 mmZ YERH O™, 4% PAPSS S &
: 5o FAIE 1% = 2% T3 PAPSS EES] FA9 S8 &
2% PAPSS film (600 x ) 4% PAPSS film (600 x ) 9431 i]-o]:‘é'_ Eo]x] ?%—9}—1’4—. %OEH:FJ— xﬂ}_ }_ﬁoﬂ/ﬂ Agzd-g_ z}—z}—g] :é
S AE Az 2ol A] PAPSS BAEC] YAke}t wA B4 11
540l PAPSS $3 FE9] 7 Well AA YIS mAA =
& 7 ok iz 5] TR 2.83 3 YRR
], ATA 0 2 328 218 71X 49 PAPSS E20] S E HEo]
ErEyl uke 210 7 AT Table 3). PAPSS EE9 =
S PAPSS It 5= Sl whet ot A Tt o|efsh A k=
calcium carbonate(CaCO;)E poly(acrylicacid), poly(ethylene glycol),

50um

po
o
2
EY
ot

LLDPE film (600 x ) 21237 methylcellulose®} & 13Etel| F7kste] Azt Z+r o]
Fig. 1. Surface images of PAPSS-impregnated films. gz Bl 520 CaCo, £79] 3 oyt Z71E5E A A

o= TP ol AT hgH23] HTITka B 4 v,

32. 7N Enps

Z7F e 5522 PAPSS E4o] A7 5 HEE9] Ak
T TS R Table 3¢ UERATE PAPSS 35 I5-2 4l
© % T LLDPE D53} vl slo] vhe AT IE ghe el
R T} PAPSS §13) 557} S7HE S B9 ALFEs U ke
The cross section of LLDPE film (500 x)  Film impregnated with a PAPSS particle (500 x ) 7= Aoz gk} o] st A= acrylate AatA] UEF o)
Ztasle 3JE)e] PAPSS &2 acrylonitrile-methyl acrylate copolymer
of fAket 29} 322 318t % FElE 7F4)7] wlitoll LLDPE v
Eg|nof 3% PAPSS Bo] IE0) bk FkE 5 o3he
siclar Akt o5 LLDPE, 294 4% PAPSS 3 HE559 &=
BE9s 3hS Z42F 201.2446.46, 154.28+5.02 12] 2L 151.22+4.35
gxmm/m?xdayxkPa 2 S % 3Ic}. 53 5o] 471 PAPSS 57}

2 owE

PAPSS film L X500 200 um

Z7h 5% PAPSS § WS SR FaEE Pt Row
The cross section of LLDPE film (30 x ) Film impregnated with PAPSS particles (30 x ) q_ﬂ_‘;ﬁq_ EH_,Z_:[" LLDPE :—é%jq_ H]Iﬂ_f)’}oﬁ 4% PAPSS D—‘_i_%_g] >~H
Fig. 2. SEM micrographs of the cross section of PAPSS impreg- Eg kAL 382} nEd Ao BakEo] 91 PAPSS QAT 11

nated films.

Table 3. Transparency and gas permeability of PAPSS impregnated films

Film sample Thickness (mm) Transparency” OP (g'mm/m*-day-kPa) WVP (g-mm/m*-day-kPa)
Control (LLDPE) 0.074+0.002a"" 2.83a 12.16£391a 201.24+6.46a
0.5% PAPSS 0.075+0.003a 3.45ab 11.7243.74a 181.65+10.39b
1% PAPSS 0.078+0.002a 4.12bc 10.02+4.36b 170.42+5.44¢
2% PAPSS 0.080+0.002a 4.57¢c 9.83+2.92b 154.28+5.02d
4% PAPSS 0.081+0.003a 5.09¢ 8.21+1.93¢ 151.22+4.35d

*Transparency was calculated as the value of absorbance at 600 nm divided by the film thickness (mm).
"*a-d of mean values with different letters within a column indicate significant differences (p<0.05).
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Table 4. Mechanical properties of PAPSS impregnated films
. Tensile stress (MPa) Elongation at break (%)
Film sample
MD MD TD
Control (LLDPE) 13.09+0.11a" 9.45+0.32a 573.35+5.89a 687.14+24.26a
0.5% PAPSS 8.47+0.26b 6.89+0.16b 481.98+32.21b 526.31+16.23b
1% PAPSS 8.36+£0.33b 6.76 £0.29b 435.69+21.77b 511.14+32.26b
2% PAPSS 8.11 +£0.15b 6.43 £0.39b 448.36+28.54b 507.36+23.37b
4% PAPSS 8.05+0.32b 6.21+0.18b 73.32+17.43¢ 95.45+21.69¢

*a-c of mean values with different letters within a column indicate significant differences (p<0.05).

—b"‘x} T2 B FHE
-&(moisture holding ability)2] 57| 53t 2
A OU% IRA FE T2 UEYIE Fot] *Erﬂ]'l:»]t T Y7
AP PAPSS ?:L’Q 59 EJ’b-"ﬂ AARQ FES 713
B9l 2[24] Z¥Z} low density polyethylene
(LDPE) &= polypropylene(PP)J JEA clay 2221 5% Cloisite
15AU . RS £3% 7154 polyolefin 23 EE-S Al%31%
S LDPE+Cloisite 15A B+ % PP+Cloisite 15A H52] A4 F
3 LDPE ¥ PP t=7-59 vlwste] 22} 12.5%9) 22.1%C]
ks ApAo] Eobrl S vkl

= Zo|= Ao 7 HAmE 4= 9)
i eh

r ﬂ:
i)
ol
1o,
j>
e

33, 229 =28 5y

Table 4°]] #|Z=%2 PAPSS &3 A5-2] PAPSS A} g %koﬂ e
Z1AA 43S BB vl LLDPE 252 Q37T 32
machine direction(MD)©= 13.09+0.11 MPa “12] 37 transverse dJrection
(TD)CZ 9.45+0.32 MPa° & YERJIT). vhAe] PAPSS YA} -7
o] 050014 4%7HA Z7)st of MDOﬂH QIFAE Fhol 4.96%S}
TDIA] 9.87% 7HAshe B 0™ 2% Yl 4% PAPSS HE&2
QAT ZhS ZHzF 8.11+0.25, 8.05+0.32 MPaS LFERIITE. 2IWhA
o P71 3 1RA AE] 29ARs A7 dAe] SR
S IRAF AR v WElEte] SRS Holtie] =4d0] At
E|=t[25], PAPSS 35 FEoME Ak Aiks HolFgitt &
3 SEMoA Boj Az} o] PAPSS A} 4% o1 H7HE 1S )
Atd o Bakio] Wo x| 31, PAPSS YAt B4R 7S selgt
o Q1= o]23 532 LLDPE 13A19} PAPSS 549 AW
EQHgEhe 71A14 B4 AR olojxittn k) o2+
LLDPE ZE0] MDA 573.35£5.89%% A5 to] 4=t 1%
9l 2% PAPSS 33 HE50] MDellA] AAE-2 742} 435.69+21.77,
448.36+28.54%= e o™ LLDPE HE Bt} 22} 24%8} 21.80%

Table 5. Moisture absorbing efficiency of PAPSS impregnated films

A5 S0ct. R 4% PAPSS 3H H50] MD A& 73.32+17.43%
FHoZ 9 A3 FhS LFERILE 4% PAPSS 3%t AE-S Alelst
0.5, 1, 2% PAPSS &3 A5 7] MDS} TDollA] Q17 2l Al
25w o4 Aol VR gttt o9} fAlst Od%l A=
o[26] M- E3F 5 (starch-blending polyethylene film)
o] B3 54 4 04?01] A LTXPOH 71 AR =kl S7h=
B3 FE50) 71Ad A= 7hAE Blvka RIsiSith & 7)A14]
B8 Q7EA] %‘%E % 1:**%01] QoA EA Xﬂ*‘s}ﬂ Z
EA} HA & ACE b
713t polyamide/nanoclay ET‘EL 452 ﬁ o7 ]71]7<q S0l dAs] T7HE
< B UsIITH28]. wWehA] 22 mlA] = H 9] ] PAPSS B 1A
5o Agog B /S 7IdE] 2 4 Qlth

PAPSS &3 Z= 292 717} U2 A4S SR AT
Z7of|A BE AZo] 7R i o 2 AT Table 5+
25+1 °ColA] PAPSS 31 Qxts} Algjabal B4 gl 2k o
F5E9 PAPSS 4 s 355 3 & a8 A9 ks
eI PAPSS whe-t] 2 AEjFHA B 7 FEHE 0719
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34, 42 EXS
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*J (cross- lmked network) 543 wit-ol 93t A FEAES HoE
t}. Zha ] PAPSS a—z o Akt ﬂﬂw‘w— 7R A= 7F

% polyaspamc acidS 7} 729 38ka EXJo 7 958 B &
2 g3 5 et B sigle) 2eu 0.139) B SR g T
oM PAPSS F0T EAL 423+0.53% (wiw)e] SESHES L}
Efl=t, o= Ao W = AT 2delxE Aegha

=49 7 SRS AR 3k 71T 4% PAPSS H52 I

Moisture absorbing efficiency (%)

Sample Average weight (g)

13+1% RH 33+2% RH 52+2% RH 71+4% RH

Materials PAPSS 1.033 4.23+0.53a"" 18.96+1,62a 52.6243.51ad 68.32+4.21a
Silica gel 1.014 3.21£0.34a 5.91+0.61a 26.56£2.31b 27.82+1.54b

0.5%"" 1.031 1.45+0.15b 3.98+0.18b 14.76+0.72b 32.24+1.33b

Films 1% 1.033 3.01+0.24a 8.32+0.23a 35.12+2.87¢ 48.8942 452
2% 1.035 4.67£0.58 9.18+0.45ac 40.46+2.21cd 51.79+2.11ac
4% 1.032 4.89+0.61a 10.31£0.33¢ 46.59+2.79ad 58.38+1.57ac

*Percentage of the obtained moisture in a sample x100/the amount of dried sample in a closed system.

**Concentration of the PAPSS impregnated in the film.

sk
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a-d of mean values with different letters within a column indicate significant differences (p<0.05).
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Fig. 3. Moisture sorption isotherms for PAPSS impregnated films.
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Fig. 4. DSC thermograms of PAPSS-impregnated films.

Table 6. Correlation coefficient and sums of squares from the isotherm data and the respective isotherm mathematical models for each film

Sum of Squares for Error

Correlation Coefficient

Model PAPSS film PAPSS film
0.5% 1% 2% 4% 0.5% 1% 2% 4%
Henderson 93.08 49.83 71.05 171.52 0.880 0.867 0.831 0.733
Chen 9491 13.19 26.89 76.51 0.878 0.965 0.936 0.881
Halsey 103.96 183.30 243.05 252.82 0.763 0.703 0.659 0.661
GAB 88.42 9.25 22.00 67.48 0.886 0.975 0.948 0.895
BET 96.46 101.34 108.67 229.29 0.854 0.785 0.741 0.642

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014



536 SER
100 -
—— — LLDPE
90 — — — —  0.5% PAPSS
—————— 1% PAPSS
80 1 2% PAPSS
4% PAPSS
70 4
e
S 60 -
2
= 50
=
=)
‘T 40 A
z
30
20 A
10 i
0 T i e
1 | T T T T T T T T T
0 100 200 300 400 500 600 700 800 900
Temperature(C)

Fig. 5. TGA thermograms of PAPSS-impregnated films.
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