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ABSTRACT

The moisture absorptive film was prepared by laminating the
moisture absorptive center-layer film with the PE inner-layer film and PE
outer-layer film. The calcium chloride and polyacrylic acid (sodium salt),
chosen from 12 moisture absorptive materials, and Nylon 6 as the basic
resin, were the components for constructing the center-layer of moisture
absorptive film. Mathematical models have been developed for
determining the formulations that are needed for obtaining the desired
moisture absorptive capacities and rates of the films. The dried laver
packed in the moisture absorptive film and stored at 35°C and 85% RH
could maintain its quality for at least 12 days, which was longer than the
shelf life of the product packed in the PE/PE pouch containing a

commercial water absorbent sachet.

Keyword: packaging; moisture absorptive film; shelf life; dried laver

i



.............................................................................. 01
FRE MR EL 3 vovreerererensssnseeien e 03
— N FRERAPRL e, 03
N %5&75-/% ................................................................... 04
(=)~ BBLHIIE  ceveereree 04
(Z) > BoAKDBEE R ANFFE,  rreeererrrereessansnessinnnininn, 07
() BATBEAMZIEH oo, 08
(09) s Bk P B BEZ BT B I eeeeeeeeereesoneesssnnsssnntsnininninnnane 08
()~ BAREZ B A eeererrrersrerrriiiiii e, 09
() S5 8 04 6L B FoE AR 3B weorreseeessessenns sttt 09
(£)BAKFTRBZRE(K)RE FFZReFrrereees 10
(AN~ Bk P B L2 Mg P 3B o eveeereremeeeessomnnie et 11
1SR JEJE 2 ] Boverererererssrssssnsnsesesetste ettt 1
D3 JE 2 ] S +veveressee e ettt 1

(F) > BIEK R BIBE Z ST eeerrrrrres s 12
() ~ KB T R wvveesereessnmnesmiune sttt 12
("“")‘/&%%&1@47{ ..................................................... 12



};-\ N éﬁ%ﬁgﬂ-;‘% ...................... Ceevene L LT RTETTRPREPPEPPPPPPR 13

(=) BT B Z AR woeeerer e 13

A. TR BB 2 9B JKBE FJ reeeeerrrrennrnernirie 13

B. B K % /B BEZ My eeeeererreneniiii e 21

C. BATBREALHEZBHE 26

(Z) B EBREELT Z B woorererrreessennesnnnee e, 31

A, BAK T BEEZ FLH  ceeereeresresnnniiii, 31

B. BB B Z B Pheeeeee e, 35

() BABARGGE FZJER oo 38

BB v AR L EE e ere et 42
JB ~ A SRR ceeeeeeeeseesenene 43

il



BB E — MR RAIAE 2 JRER e, e 06
BE - EVOH HKwfifbész B AT B R R AU 25
B P = EVOH BB NY BAREZ JRER errerrrrrninniiiiiii, 29
Bl— R BAERA T B REGTRIE T ovvrerrerrrronnniiniiiii i, 16

:-,Ef‘";z*'[b%%“&*%;é@‘ﬁ?ﬁ% ........................... eriererereiere e 17
Bl = A A M B BE G TR B R wovvreererereeresinee st 18
B0 7 16 3500 BT ARE G TIB G wrovrevressenssnsenssssssssssssssssssssssssssssssee 2

B &, tbiA NY6 R EVOH A & B #H H 4
2 BB RIBE BRI Z MR soeereerrrrereii 30

B, RE &K $HES £ 35°C  85%
RHEEE TS BEEAL coorvrerrrremriremnn, 40

Blt. REI@EHLEHEL £ 35°C 85%
RH%#T&@ﬁ%%‘b ..................................................... 41

iii



zﬁ'—\%ﬁ\%ﬁ]‘}ié“’ﬁﬁﬂﬁ—‘&“&&ﬁ?ﬁ% ................................................. 14
%=, LEVOH BA KL E4H RS EAN :

t&qigﬂjzu&ﬂ(cpgﬂﬁé{]#h,ribt$i ............................................ 22

_—.‘:_.‘EVOH,NY6 & PVA Bﬁé’]‘ﬁ/ﬁ#%"l‘i ........................................... 27

#m, ANY6 AL H MRS ERIR
4&@'}?&@{%2‘&7K‘1’F;’Hﬁéﬁ#ﬁ]‘fiktii ..................................... 28

2F ., RBRAX T EFABLZERREIR
%éﬁ%)&‘&&%i&#ﬁ ........................................................ 32

AN, RAKBZREREHEF Y ARTZE
ﬁ%ﬁfiiﬁ‘i’z@ﬁ%ﬁ:ﬁ ........................................................ 33

At, BRPRBEIBREBRERRBEZ

,ﬁi—?ﬁﬁﬁ:&tbﬁ ................................ eessassesiecassiisnssirsienresvens 34
;ﬁ/\‘ "/&7J<‘PB§E67J‘4‘E.EELZ#«E{§TE% ................................................ 36

v



|
=
an}

@mza?%ﬁﬁ*%Aﬁmﬁ W K EF
MR ERRRXEHN@E . ME. BERAEMAEN T F
milAes & HRXBZRAHLE, Bib, B Eim
REE - 4KkFEL 10-30% B EEEHAL R B F &
Loy X2 R X ARBRERMII LS LE B4 HHE
EBEARTAN LRSS ZEEZRE - &AL 10%5 %
Tz BRSO MAMMERAYPHNERY BT S &
ZERANRE  BREAEROBERF B £, &%
KREgRMABERAEAEE - Bl WEREERTEEZERA
- BATERLXIOEFTFTHRERBILCEANALF » &
AEBREBELERMAEAMER., DALY MR DR
BB FEBRRFTE EHAFERFEETRA
BT R AKX BEBRBINLOFER_RFTEABER S
zEE RSN ENAEAAANZIREBERLK » LR A IE
TR mMAMOAOARERSZ - FENIL KRR
%%%%%@W%z%%ﬁﬁﬁ’%zkﬁmﬁ%%ﬁ
ERNAKARTEREK UFHLERRE LY LI
ARG BEREMIIRYERRLCLEHGEE -

BRUS T AFTRERG I B A EA

Moo R E S S 1~ e BB (process aid
) S E (1~5% ) 8D 22 EHEHWI K2
- %% # (modifier) :HhmwE AL 5~20% X R > ¥

ML%M%’%W&%M%%M%ﬁ&Mﬁﬁﬁé’%
£ B 5B FHweghL 20~50% KR 50% b KRB —FEH
RS KM RBRUB AN EEBE X X R4 AHH

1



ho Bt Bs ¢ BB B $mmz%ﬁ%% € B K A RO B
BEBHAEES  BARARKTFTER - BLBRKT R
%%*%ﬁm%&z% \’R&*§HEL$ﬁEE
BHEONEERE URRKE ERAYEEZH

RA @ anF R KT RULEERBSE ) 2 OB BHAS 2
BAEME S UARAREEZ %&Aimééﬂéﬁﬁ #
#Aﬁ&%’a&%éﬁ&&wﬁM%#Ai&%ﬁ’
i&ﬁnnw%%ﬁe&\&&g&ﬂ&¢$%u%

BRAFRBHEE®RS  XBAET AMEZELL
%ﬁﬁ%*#&ﬁﬁ&&~ﬂ*# ﬁﬁ&mﬁ&ﬁ*
BhRLAOE LZBA o



= HH RS

# ok

PVA (polyvinylalcohol » 80% hydrolyzed >
Mw9000-10000); £ B Aldrich 23 -

PVA (polyvinylalcohol » Mw72000); & B Merck 2
3 o

PVA (polyvinylalcohol » Mw70000-100000); £ H
Sigma /» 3] o

EVOH (polyethylene-co-vinylalcohol» VA68%) ;
£ B polysciences 2 8 o

Nylon6é (polycaprolactam » 3mm pellets » Tg 62.5
C»Tm 228.5C): #£ B Aldrich » 3 -

Nylon6(NY6); BtH e XA MR s » &8 -

Sodium chloride (Hftén); LB T XK A g4 X
W o8& - |
Calcium chloride (£145); & B Merck /3 o

Potassium carbonate (% 8 47); £ E* F K N5 » & #

Calcium carbonate (% 8 45); &k Fx T3 » &€ 4 -

Potassium citrate (ZE B 47);, IRF FH N3 » &4 -

£
]

3885 C (P,05 55%); ®kFFEMHXE > &4
B E U (P,0, 70~80%); X FH 23 » &% o
Sorbitol (L & 8): HRE BT EHKXETH Kk B

3



A o

Methyl cellulose (F A &4 %); £#H Sig

3
oV]
>
‘En

s
-
i
&
NN

Hydroxypropyl-methyl cellulose (& #&
%); £#8 Sigma 2 3§ o

Starch (potato > soluble); £ B Sigma /3 -
Silica gel —; W & # B A (R4 silica gel) » &% -
Silica gel =—; 7 & 24k &l (4 silica gel) - &% -
ER, TEHER &4 -

Zeolite (A-4 > m7LE/E 4 A%); Fo BT X4 X &
£ KPR B KXo | o
Polyacrylic acid (sodium salzf) (BB H s (snd)):
£ B Adrich />~ 3§ o S P

Polyacrylic acid (potassium salt) (BB % 7 & (47
#®)); £ Adrich 23 - S e

Polyacryl amide(cationic); £# B® First chemical 2

(—) - B Er

A EERARABRRAB(RAERS 3 » §)EH
MRE  ZHEBAEAUABRARAABIR BFTREKRE
W MEBRABVABAYRAK LS BRE 20~350TC 0 B A
0~160 Kg/cm? > o BEFM 0~999 & (R A —) - HEH

q

4



FRXAR 8g 2 BB (PVA - EVOH - NY6)K £ & #u
22 170-230C X B AEAEIBAEL  AHRERYK
Ao s o BIE S E 100 CRATFTLHETH KSR -

HERMERDRMEISEHEHEEE B -
BB AHBEE mBLES4AFENEBRSEE
“HBRE C RBRARBORESE BETRERAEY
ez rERA SR (180C) ~ 5 & (160 kg/cm %) &
B A LW A R D EME RS RRBEE R 2 AR
B s B2 T 9B A % 50 kg/om > SAF B 4 o5 o & B

KB B -—BRBAENER 85 RARER X
1Mkym2&ﬁT%m%% ﬁx%ﬁﬁiizﬁﬁ%
R EBEBEGEEET ﬁﬁTﬁ&ﬁ%ElMCMTW
TRERE FfT“&LX?ﬁ?E&‘PE]i@ﬁ% IOQ kg/cm 2
A B AR 100C - BHERBRT A ARKER DKL
AEBE - FRAWEHMT > PVA-EVOH - NY6 % #
Gy BARIEH - BREHFHR PVA AE R 4 £
160~170°C ~ 60~70sec BF H B B E &/ » £ v id
B2 180CH PVAB ¥ A% & - EVOH ¢y # B & &



ety
ool N

BT 1 A

ALz 8

A&,
ltagram o

H,_

A3
TARRY

lding press.

10n mou

f compress

.

D



4 180C ~60sec BF BB E &R~ mAEMKERIF -
ANY6 B RAmEsn ERABADKELERS
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F— > BN FREBRABZRENZ

Tablel.Moisture absorption properties of
moisture absorption film made of various

polymers.

Water Moisture

absorption absorption

capacity capacity

(mg/cm?) (mg/cm?)
EVOH+20% , N o
Polyacrylic 17.66°2 2.25°
acid sodium |

EVOH+20%
Polyacryl 9.97° 2.78¢
Amide | V

® Mean values in the same column with different
superscripts are significantly different (p<0.05).
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Fig. 1. The moisture absorption capacity of vario
salt-mosture absorption films (salt content: x, 0%

&, 10%; M. 20%, A,30%).

16



EVOH + Hydroxypropyl-methyl cellulos

EVOH + Methyl cellulose e
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E’ 2 E 2
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g 0 _?2 0
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EVOH + Sorbitol
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3 0 50 100
= Time (h)

Bl =—. s AKILEHRAKBHYRIEZE

Fig. 2. The moisture absorption capacity of the carbonyl compound-moisture
absorption films (carbonyl compound content: x, 0%; €, 10%; W, 20%, A,
30%)
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Fig. 3. The moisture absorption capacity of the synthetic compound-moisture

absorption films (synthetic compound content: x, 0%; 4, 10%; , 20%, A,
30%)
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Moisture Absorption (mg/mg)

EVOH + Silica gel (—) EVOH + Silica gel (=)

®

2 5 2

L5 | E 15t

1t g 7

05 f 2051

0 a3 o () ee——i——y
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0 50 - 100 é 0 50 100
Time (h) Time (h)

Bleo, 8B BIRAMYRES S
Fig. 4. The moisture absorption capacity of commercial desiccate-moisture
absorption films (desiccate content: x, 0%; 4, 10%; W, 20%, A, 30%).
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k= MEVOHARELESAARRAGTERTRIKB =
B K T BB ML

Table 2. Comparison of the physical properties
of the EVOH films containing various amounts of

moisture absorption agents.

Moisture )
. . Tensile .
21;2?11;18)t10n Con.cen- Thickness strength Elongation
tration 0
(mm) (Kg ;/cm?) C% )
30% 0.46* 0.85° 0.66°
Potassium ab a b
carbonate 20% 0.35 5.34 1.31
10% 0.46° 4.01° 1.53°
0% 0.21° 5.18° 3.42°
30% 0.51° 1.63°¢ 1.16°¢
Potassium |54y 0.36" 2.45°¢ 1,450
Icitrate ) ) )
10% 0.29°°¢ 3.73 1.92
0% 0.21° 5.18°% 3.42°%
30% 0.25° 2.63% 0.594
Calcium 20% 0.33° 2.95" 1.18°
carbonate . . .
10% 0.27 5.68 1.87
0% 0.21°¢ 5.18° 3.42°%
30% 0.95°? 1.31° 2.43%°
Calcium b b
a .74 1.38
chloride 20% L-10 0.7
10% 0.43° 2.33% 1.15°%
0% 0.21°¢ 5.18°% 3.42°
30% 0.30° 0.96° 0.35°
Sodium 20% 0.28" 111 0.44°
chloride ) )
10% 0.27° 1.21 0.44
0% 0.21° 5.18°% 3.42°
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30% 0.30° 3.13° 0.82°"
P,O0, 55% 20% 0.27° 2.99° 0.82°
109 0.26° 3.41° 1.07°
0% 0.21° 5.18° 3.42°
30% 0.65° 6.42° 2.09°
PZOS
20% 0.62° 2.04° 0.99°¢
70~80% . )
10% 0.31 5.55° 1.44
0% 0.21° 5.18° 3.42¢
30% 0.21° 3.57% 3.92¢
Sorbitol 20% 0.20° 4.17° 3.85°
10% 0.20° 5.65% 3.29°%
0% 0.21°% 5.18°% 3.42°
30% 0.35° 2.07° 0.53°¢
Methyl 20% 0.31° 2.01° 0.81°¢
cellulose
10% 0.31° 4.31° 1.26°
0% 0.21° 5.18° 3.42°
0 a b c
Hydroxypro 30% 0.28 3.85 0.95
byl-methyl 20% 0.20° 3.59° 1.13°
cellulose 10% 0.23° 5.78° 1.85"
0% 0.21° 5.18°% 3.42°
o 30% 0.28°? 1.39° 0.49¢
Silica gel X
20% 0.30° 2.13 0.54°¢
(=) 10% 0.27° 3.01° 0.90"
0% 0.21° 5.18° 3.42°
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o 30% 0.33° 1.60° 0.37°¢
Silica gel
_ 20% 0.27° 1.69°¢ 0.48°¢
(=) 10% 0.29°" 2.68" 0.69°
0% 0.21° 5.18° 3.42¢
30 0.36° 3.24° 0.584
Zeolite 20% 0.30° 5.12° 1.38°
c a b
10% 0.25 5.87 2.33
0% 0.21¢ 5.18% 3.42°%
Polyacrylic 30% 0.34° 1.31° 0.28°
acid 20% 0.29° 1.48" 0.450¢
(sodium
salt) 10% 0.30° 2.32° 0.67°
0% 0.21° 5.18° 3.42°
Polyacrylic 30Y% 0.33° 1.75° 0.42°
acid 20% 0.30° 1.34° 0.34°
(potassium
salt) 10% 0.26° 1.89° 0.67°
0% 0.21° 5.18° 3.42°

abcd Mean values in the same column with

different superscripts are significantly different

(p<0.05).



B h = EVOHH o RALEHSZ B AT & B

The EVOH moisture absorption film containing

calcium chloride. .
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EVOH +NY6 & PVA Bieh & & 45
Table 3. Moisture absorption effects of EVOH -
NY6 and PVA films.

Water Water Moisture Moisture
absorption |absorption |absorption|absorption
rate capacity rate capacity
(% ) (mg/cm?) (% ) (mg/cm?)
EVOH 8.20° 1.08¢ 6.30° 0.94c
NY6 7.20° 0.80° 7.15¢2 0.60¢
PVA
9000~10000| solubility | solubility [ 22.75% 3.05°
PVA 41.60° 14.16° 25.30° 3.32¢
72000
PVA 24.70¢® 5.13¢ 21.85° 1.99°
100000

abc Mean values in the same column with different

superscripts are significantly different (p<0.05).
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Table 4. Comparison of the physical properties of the NY films
containing various amounts of moisture absorption agents.

Thickness |Tensile sﬁehgth | Elongation
(mm) (Kg ¢/em?) (% )
Calcium chloride
30% 0.36° 3.60° 1.174
20% 0.29° 3.96° 1.56°
10% 0.22° 4.16° 2.37°
0% 0.16¢ 2.29° 4.48*
Polyacrylic acid
(sodium salt)
30% 0.24° 0.88° 0.27°
20% 0.17° 0.99° 0.45¢
10% 0.14° 1.68" - 1.09°
0% 0.16" 2.29° 4.48°

aed Mean values in the same column with different superscripts are
significantly different (p<0.05).
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CaCL+NY CaCl,+EVOH

Bh= EVOH#® K B ENY R K B 2 s} 7
The appearance of moisture absorption

films made from EVOH and Nyw6. |
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Moisture-absorbing (mg/mg)

NY + calcium chloride EVOH + calcium chloride

2 2
15 15
1 — 1
s S
0 0
0 D ) 0 %0 100
NY + PAA-Na EVOH + PAA-Na
2 2

0 0 100

NY + PAA-K EVOH + PAA-K

100

Time (h)

Bl 7. L8l NY6 & EVOH AAEHM B H 2 B KBEHREZEHEEN2H
14

Fig. 5. Comparison of the moisture absorptive rate and capacity of the center-layer films
made of EVOH or Nylon 6, as the basic material, and contain 0% (@), 10% (®), 20%
(W), and 30% (A) of calcium chloride, polyacrylic acid sodium salt (PAA-Na), or

polyacrylic acid potassium salt (PAA-K).
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Table 5. The moisture absorption rates and capacities of the moisture
absorption films prepared with various formulations.

NO. of Calcium chloride PAA-Na Ny6 Absorption  Absorption

| rate capacity
Formulation (mg/mg. h) (mg/mg)
1 0.00 000 1.00 003  0.10°
2 0.00 030  0.70 0.08° 1.24%
3 0.30 0.00  0.70 0.122 0.64¢
4 0.15 0.00  0.85 0.08° 0.68¢
5 0.00 0.15 085 0.07* 1.06™
6 0.15 0.15 0.70 0.08° 0.93¢
7 0.10 0.10  0.80 0.06¢ 0.84<
8 0.20 0.05 0.75 0.07% 0.80
9 0.05 020 075 006 146
10 0.05 0.05  0.90 0.06° 0.91¢

abode \ fean values in the same column with different superscripts are
significantly different (p<0.05).
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Table 6. The regression coefficients of the polynomial equation describing
the relationship between moisture absorption capacity and the formulation
of moisture absorption film.

Parameter Parameter estimate Prob> | T |
X1 1.84 0.0
X2 -9.94 0.1
X3 0.26 0.1
X2X3 19.45 0.0
R*=0.98

~ x1: The fraction of Calcium chloride
x2: The fraction of Polyacrylic acid (sodium salt)
x3: The fraction of NY
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Table 7. Comparison of the predicted and experimental values of the
moisture absorption capacities and rates of the moisture absorption films.

N

Formulations Moisture absorption rate Moisture absorption capacity

(mg/mg. h) (mg/mg)
xI x2 x3 experimental predicted experimental predicted

value value value  value
0.00 0.27 0.73 0.067 0.083 1.344  1.340
0.05 0.20 0.75 0068 0070, . 1317 '1.217
0.20 0.00 0.80 0.077 o 0.094 ‘ 0‘.652 0.576
0.20 0.10 0.70 0.069 0.078 098  0.918
0.10 0.00 0.90 0.059 0.067 0.646 0418
0.00 0.20 0.80 0.058 0.072 1.205 1.332
Correlation coefficient (r) 0.82 0.97

x1: The fraction of Calcium chloride
x2: The fraction of PAA-Na

x3: The fraction of NY
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Y1=0.31x,+0.20%,+0.04x,-1.60x X,
Y2=1 . 84Xl‘9.94X2+O.26X3+ 1 9.45X2X3

# ¥ Y1: Moisture absorption rate (mg/mg.h)
Y2: Moisture absorption capacity (mg/mg)
X,: The fraction of calcium chloride
X,: The fraction of PAA-Na
X3: Tthe fraction of Nylon 6
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Table 8. The optimal formulations for the maximum moisture absorption
capacity at various constrain levels of moisture absorption rate.

Moisture absorption rate Moisture absorption capacity Optimal formulations

(mg/ mg. h) (mg/ mg) xl x2  x3
0.12 0.73 030 0.00 0.70
0.10 0.81 0.26 0.04 0.70
0.08 1.36 0,00 024 076

x1: The fraction of calcium chloride
x2: The fraction of PAA-Na
x3: The fraction of Nylon 6
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Moisture Content (%)
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Fig. 6. Changes of moisture content of dried laver packed in various pouches during
storage at 35 °C and 85% RH. (@), PE/PE laminated pouch;, (), PE/PE laminated
pouch containing 3 g of commercial desiccate; (A) the pouch made of the moisture

absorptive film developed in this study.
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Fig. 7. Changes of fracturability of dried laver packed in various pouches during storage
at 35 °C and 85% RH. (®), PE/PE laminated pouch; (), PE/PE laminated pouch
containing 3 g of commercial desiccate; (A) the pouch made of the moisture absorptive

film developed in this study.
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