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Measurement of Water Vapor Permeability of Bio-polymer Films

Jong Whan Rhim
Department of Food Engineering, Mokpo National University

Abstract

Water vapor permeability of films is commonly calculated from the water vapor transmission rate of the film measured using a
permeability cup method which is essentially a gravimetric method. This method was originally developed for petroleum based plastic
films with low water vapor permeability. In the case of hydrophilic bio-polymer films, the resistance caused by a stagnant air layer, which
is developed between the underside of the film mounted on the cup and the surface of the desiccant, saturated salt solution or distilled
water, can be significant and, if neglected, can lead to underestimation of water vapor transmission rates. Therefore, it is necessary to correct
water vapor transmission rate data to accurately estimate the water vapor permeability of bio-polymer films.
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Fig. 1 Typical permeation and time lag curve, where Q is
the amount of penetrant which has penmeated as a
function of ime, t, and Lis the time lag.
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Fig.2 Cup assembly used to measure WVT rates of bio-
polymer films.
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Table 1. Effect of stagnant air gap height on water vapor
permeability calculated using the ASTM E96
method for sodium caseinate films at 25°C

Air gap Film
height  thickness  RH wvp
(mm) (mm) (%) (g - m/kPa - h « nf)
808 0.081 100 L18
1206 0.079 100 088
3034 0.071 100 0.56

*Relative Humidity values refer to calculated conditions at the
film underside during testing.

*Water Vapor Permeability.(adopted from McHugh et al.
(1993))

Table 2. Comparison of the ASTM E96 method and the
WVP Correction method for calculation of film
inner surface relative humidity and water vapor

permeability values at 25°C
wvp
Rit%) (¢ mkPa-h- )
WVP WVP

Fim Type ASTM comection ASTM a
Hydrophillic films
S0%WPY0%GLY: 100 65 335 516
Sodium Caseinate 100 &0 1.18 148
S6%WPV16%S/
28%BW! 100 94 0.80 085
Synthetic films
HDPE: 100 100 0.0012 00012
Polyester 100 100 0.0091 0001

* Relative Humidity values refer to calculated conditions at the
film underside during testing.

* Water Vapor Permeability.

© 0%WPUS0%GLY is a film having total solids of 50% whey
protein isolate and 50% glycerin

* 56% WP1/16%S/28%BW films have 56% whey protein
isolate, 28% beeswax and 16% sorbitol solids

< HDPE abbreviates high density polyethylene films.(adopted
from McHughet al. (1993))
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Table 3. Effect of stagnant air gap height on WVP values
calculated using the WVP Correction method for

sodium caseinate films at 256C
Air gap Film
height  thickness RH* WvP
(mm) (mm) (%) (g - mkPa-h- ni)
3.08 0.033 149 1.08
1250 0079 752 130
8B 0010 65.7 041
3034 - 0071 66.3 0.84

» Relative Humidity values refer to calculated conditions at the
film underside during testing.
® Water Vapor Permeability.
(adopted from McHugh et al. (1993))
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Table 4. Measured Water Vapor Permeability Values of Methy! Cellulose and Com Zein Edible Fims and Corrected Values to
Account for Stagnant Air Layer Resistance®*

Alr gap P X 10° P-x 10" Error’
(cm) (g/ms Pa) (g/msPa) %)
Methy! cellulose
10 26403 62405 38
15 2.1+0. 6.1+04 66
Com zein
10 40402 51403 2
15 34402 49404 31

*Measured and corrected permeability values are the mean of eight samples +one standard deviation.

» Testing conditions were 25°C and 50%(100%-50%) relative humidity gradient across the films.

< Mean thickness of the methy! cellulose and the com zein films were 23+ 1 i and 89+ 10;m, respectively.
4 Egror was calculated as((P-Pw)P.} 100. (adopted from Gennadios et al. (1994))

Table 5. Water Vapor Permeability Values of Hydrophilic Edible Films as Reported in the Literature and Corrected for Stagnant

Air Layer Resistance
Refere Thickness P x 10" Pex 10" Enmor
e Film () @msP) | (@msPy ) conditons
Aydtetal (91) Wheat gluten/glycerin 140 125 231 46 26'C 50/100%RH
Aydtetal (91) Com zein/glycerin 89 4] 53 23 26'C 50/100%RH
Hagenmaier & Shaw(90) (Hydroxypropylmethylcellulose R 13 17 24 27C (85%RH
Hagenmaier & Shaw(90) (Hydroxypropylmethylcellulose ] 07 09 2 27C (/85%RH
Hagenmaier & Shaw(%0) (Hydroxypropyl)methylcellulose 8 05 18 38 27C 0R5%RH
. (Hydroxypropyl)methylcelluose
& 0
Hagenmaier & Shaw(30) | o aeid 19 07 09 n 27°C W85%RH
Hageimaies & Sraw(og) | FDO0popymethyelhios s 008 009 no | 27CoRSERH -
+42% stearic acid
{Hydroxypropyhmethyleellulose
{polyethylene glycol .
&Fe . ! 5 25C 85/0%RH
Karper & Fennema(84) Mydrogtiated o ad 125 18 19 4
soybean ols
| Kanig & Goodman(62) Methyloellulose ' 5 0.145 0.152 5 318°C 910%RH
Park & Chinnan(90) Wheat gluten/glycerin 400 62 70 1 21'C 850%RH
Methylcellul lyethylene ,
Park & Chinnan(90) glycol exclplyety 55 09 1.1 18 21C 350%RH
. (Hydroxypropyhmethylcellulose .
; 15 ;
Park & Chinnan(%0) Jpolyetnylene glyco 50 Ll 13 21'C 85/0%RH
Rankin etal (58) Amylose 29 13 36 8 25C,100/1%RH
Rankin et al.{'58) Amylose 2 22 38 42 25C 31/29%RH
Schulz et al(49) Sodium hydrogen pectinate 77 61 100 39 25C 8131%RH
Schultz et al(49) Calcium sodium pectinate 15 6.1 88 3 25C 8131%RH
Schultz et al('49) Calcium soditm pectinate 15 77 131 41 35C,78/40%RH
Calcium sodium .
Schultz et al(49) pectnate/plycerin 46 87 129 1 25C 8131%RH
* Ervor was calculated as ((Pc-Pm)/Pc) 100.

* RHs are outside the cup, respectively.
< Air gap depth is not directly specified in text. A value of 0.6cm was used for the calculations as indicaed in the ASTME 9 desiccant method followed by the rescarchers.
4 Air gap depthis not specified in the text. A value of 1 5em wes used after personal communication with author H.J Park. (adopted from Gennadios et al. (1994))
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