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Improvement of Water Resistant Properties of a Linerboard for
Corrugated Fiberboard Box by Coating with Na-alginate

Eun-Jung Kim, Byung-Yong Kim*, and Jong-Whan Rhim'

Institute of Life Science and Resource, Department of Food Sci. & Biotech.,

Kyung Hee University

'Department of Food Engineering, Mokpo National University

Abstract To improve water resistance of paperboard used to manufacture the corrugated boxes, effect of surface coating
of the liner-board with Na-alginate was investigated by determining the optimum processing conditions such as optimum
alginate concentration for surface coating, plasticizer content, concentration of divalent cations and their immersion times.
For the surface coating of the liner-board, 2.5% Na-alginate solution was found to be the optimum concentration, and the
concentration of glycerol used as a plasticizer was effective when 35% alginate concentration was used. Immersion of the
alginate coated paperboard for 3 min in a CaCl, solution improved the water resistance properties. As a divalent cation

for the insolubilization of the alginate films, Cu**

was found to be as effective as Ca*'

. Among the plasticizers tested,

sorbitol was the most effective in reducing water vapor permeability and water solubility of alginate coated paperboard.

Key words: liner-board, Na-alginate, divalent cations, plasticizer
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Table 1. Effect of concentration of Na-alginate on water vapor permeability and water solubility of alginate coated linerboard"

Na-alginate Thickness of coating WVP WS (%)
concentration (um) (ng - m/m’- s - Pa) 5°C 25°C 37°C
Control - 443 +0.05* - - =
1.0% 28.50 + 0.26 4.26+0.03° 1.41+0.50° 1.70 + 0.08* 3.43 +0.06
1.5% 29.50 + 0.04™ 4.15+0.03° 0.78 + 0.04° 1.56 + 0.05® 2.52+0.02°
2.0% 29.86 + 0.38" 4.05 +0.04° 0.64 +0.03 1.45+0.07° 244 +0.03"
2.5% 30.33 + 0.06" 3.98 +0.04¢ 0.42 +0.60¢ 1.37 +0.03¢ 2.24 +0.04¢

"Each value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter are not
significantly (p > 0.05) different by Duncan’s multiple range tests.

Table 2. Effect of glycerol concentration on water vapor permeability and water solubility of alginate coated linerboard"

Glycerol Thickness of coating WVP WS (%)
concentration (um) (ng-m/m**s - Pa) 5°C 25°C 37°C
20% 28.54+0.82° 3.66 +0.04" 0.13 +0.02° 0.79 +0.02° 1.51+0.14¢
35% 27.23+0.28° 3.37+0.02° 0.16 +0.00° 0.69 +0.05° 1.81+£0.01°
50% 27.88+0.36" 3.88 +0.08° 0.42+0.01° 1.23+0.03° 229+0.07
65% 27.97+0.18" 4,03 +0.03° 0.61£0.01" 1.77 £ 0.06 3.60+0.20°

DEach value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter are not
significantly (p> 0.05) different by Duncan’s multiple range tests.

Table 3. Effect of CaCl, concentration of immersion solution on water vapor permeability and water solubility of alginate coated
linerboard”

CaCl, Thickness of coating WVP WS (%)

concentration (um) (ng- m/m’- s - Pa) 5°C 25°C 37°C
1.0% 27.93+0.37* 4.00+0.05° 0.57 +0.04° 0.81+0.01%® 1.91 +0.02°
2.0% 28.47+0.52° 3.43+0.03¢ 0.39 +0.00° 0.72 £ 0.00¢ 1.59+0.01¢
3.0% 28.23 +0.09° 3.52+0.03% 0.48+0.01° 0.76 + 0.02" 1.81+£0.01°
5.0% 29.23 +0.09° 3.57+0.01° 0.61+0.01° 0.87 £ 0.03" 1.97 +0.03"

YEach value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter are not
significantly (p > 0.05) different by Duncan’s multiple range tests.
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Table 4. Effect of immersion time of CaCl, solution on water vapor permeability and water solubility of alginate coated linerboard"

; — Thickness of coating WVP WS (%)
mmersion time &
(um) (ng - m/m’-s - Pa) 0 25°C 37°C
3 min 27.03+047° 3.21 £0.02°¢ 0.59 +0.29" 0.86+0.07" 1.94 +0.03¢
5 min 27.33+£0.13* 3.31+£0.03¢ 0.65+0.11° 0.82 +0.08° 223+0.11%
15 min 2733027 3.47+0.06 0.40 % 0.00" 0.87+0.05" 2.07 £ 0.04™
25 min 2746+ 0.13° 3.71 £0.02° 0.39+0.01" 1.29 + 0.07° 2.31+0.02°

"Each value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter are not

significantly (p > 0.05) different by Duncan’s multiple range tests.

Table 5. Effect of various divalent cations on water vapor permeability and water solubility of alginate coated linerboard"

: ; Thickness of coating WVP WS (%)
Divalent cation >
(um) (ng-m/m-s - Pa) 59C 25°C 37°C
Control 25.70£0.15" 443 +0.05 1.57 £0.07* 2.01+£0.02° 3.85+0.03"
CaCl, 27.80+0.37" 3.26 £ 0.03¢ 0.71 £0.02° 1.00 + 0.04° 1.98 = 0.03"
ZnCl, 27.60+0.27° 3.71 £0.05" 0.67 +0.02" 0.71 +£0.04 1.93+£0.14°
CuCl, 2741 +0.53" 3.22+0.02° 0.37 +£0.03¢ 0.75+0.02° 1.33 +0.08"

DEach value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter are not

significantly (p > 0.05) different by Duncan’s multiple range tests.

Table 6. Effect of various plasticizers on water vapor permeability and water solubility of alginate coated linerboard"

S Thickness of coating WVP WS (%)
Plasticizer 5
(1m) (ng-m/m”-s - Pa) 5C 25°C 37°C

Glycerol 2723 +0.28" 3.37+0.02" 0.16 £ 0.00° 0.69 + 0.05" 1.81+0.01"
PEG 200 27.67 +0.29™ 3.12+0.02° 0.20 + 0.00¢ 0.95 +0.02¢ 2.15+0.05°
PEG 1000 28.90 + 0.50" 2.86 +£0.02¢ 0.96 + 0.03¢ 1.77 +0.05¢ 2.52+0.01"
PEG 3350 28.74 £0.34™ 2.78 +0.03¢ 1.48+0.01° 2.15+0.04° 3.13+0.06*
PEG 8000 28.84 +0.20° 2.73 +0.02¢ 1.79 + 0.02* 244 +0.05° 3.26+0.13"

Sorbitol 28.26 + 0.74® 2.48 +0.03¢ 0.47 +0.03" 1.60 + 0.00¢ 249+ 0.01°

UEach value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter are not

significantly (p>0.05) different by Duncan’s multiple range tests.
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