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The Effects of Curing Conditions on the Water Diffusion in
Unsaturated Polyester Resin

Sang-Baek Lee”

ABSTRACT

Moisture diffusion in unsaturated polyester resins exposed to the various relative humidities
and temperatures was investigated. Curing conditions such as the type and amount of initiators
and post curing treatment affected the water uptake behaviors in the resins. A weight loss was
observed in some resins. The true equilibrium water content and diffusion coefficient could not
be determined due to the weight loss. The absorption-desorption-reabsorption(ADR) experiments
were conducted to find out the true equilibrium water contents and diffusion coefficients. From
the absorption-desorption-reabsorption experiments it can be determined if a resin has a
continuous weight loss during long term water exposure associated with degradation of the
polymer network. The water diffusion behaviors with disk cracks inside the polymer{exposed to
100 % R. H) were compared with those without disk cracks(exposed to below 100 % R. H). The
resins with disk cracks showed a secondary weight gain due to the osmotic pressure built
between water and salt solution in disk crack inside the resin.

Key words : Unsaturated polyester, Water diffusion, Equilibrium water content, Diffusion
coefficient
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Table 1 Composition of polyester tested
(Mole)

Orthophthalic

Propylene Glycol 84
Diethy! Glycol 22
Phthalic Antydnde 60
Maleic Anhydride 40
Styrene/M.A molar ratio 2.20
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Table 2 Equilibrium water content and total weight loss after desorption at 30T

during absorption-desorption-reabsorption.

(Wt %)

75% Relative Humidity

1009 Relative Humidity

Abs. Des. Rea. TW.L.D Abs. Des. Rea. TWLD

BPO 1% AC 0.68 0.76 0.89 0.69 0.82 1.28 1.23 0.87
BPO 1% PC 0.74 0.82 092 0.20 0.99 1.32 1.27 0.22
BPO 2% AC 0.66 0.80 0.85 0.37 0.90 1.36 1.34 0.50
BPO 2% PC 0.83 0.87 0.86 0.05 1.20 1.39 1.36 0.08
MEKP 1% AC 0.81 0.85 0.88 0.08 1.07 1.36 1.33 0.21
MEKP 1% PC 0.80 0.86 0.89 0.14 1.15 1.38 1.37 0.14
MEKP 2% AC 0.76 0.86 0.94 0.18 1.11 1.37 1.32 0.30
MEKP 2% PC 0.77 0.81 095 0.20 1.14 1.33 1.24 0.14

T.W.L.D : Total weight loss after desorption

Table 3 Equilibrium water content and total weight loss after desorption at 40T

during absorption-desorption-reabsorption.
(Wt %)
75% Relative Humidity 100% Relative Humdity
Abs. Des. Rea. TWLD Abs. Des. Rea. T.WLD

BPO 1% AC 0.41 0.89 0.85 1.65 0.76 1.68 1.56 2.84
BPO 1% PC 0.61 0.88 0.91 0.20 1.09 1.55 153 0.30
BPO 2% AC 0.49 0.90 0.92 0.68 0.94 1.69 1.64 1.02
BPO 2% PC 0.79 093 0.93 0.02 1.28 1.58 1.60 0.06
MEKP 1% AC 0.68 0.88 0.91 0.18 1.08 1.49 152 0.41
MEKP 1% PC 0.77 0.89 0.96 0.06 1.21 1.49 153 0.17
MEKP 2% AC 0.62 0.89 0.92 0.37 1.01 151 1.48 0.63
MEKP 2% PC 0.67 091 0.90 0.21 1.14 1.48 1.48 0.27

T.WL.D : Total weight loss after desorption
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Fig. 1 Weight change % of BPO 1 %/DMA
0.3 9% cured-orthophthalic polyester
during ADR at 40T/100 % R.H.
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Table 4 Diffusion coefficient at 30C during absorption-desorption-reabsorption
(em® /sec X 10%

75% R.H. 100% R.H.
Abs. Des. Rea. Abs. Des. Rea.
BPO 1% AC 195 0.88 1.10 1.98 1.04 0.86
BPO 1% PC 0.93 0.80 0.73 0.58 0.70 0.64
BPO 2% AC 1.78 1.10 1.28 1.16 1.11 095
BPO 2% PC 1.02 0.86 0.99 0.59 0.88 0.76
MEKP 1% AC 1.30 0.70 0.96 0.76 0.80 0.72
MEKP 1% PC 1.03 0.77 1.09 0.59 0.74 0.74
MEKP 2% AC 0.84 0.60 0.74 0.68 0.67 0.64
MEKP 2% PC 0.81 0.59 0.81 054 062 0.65
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Table 5 Diffusion coefficient at 40°C during absorption-desorption-reabsorption

(em® /sec X 10%)

75% R.H. 100% R.H.

Abs. Des. Rea. Abs. Des. Rea.

BPO 1% AC 3.79 - 2.01 353 145 1.39

BPO 1% PC 1.16 - 1.16 113 135 1.04

BPO 2% AC 2.74 - 1.80 2.63 1.76 1.29

BPO 2% PC 1.40 - 1.40 1.26 1.59 1.18

MEKP 1% AC 151 - 1.20 1.51 1.33 1.07
MEKP 1% PC 1.33 - 1.17 1.06 1.30 1.04
MEKP 2% AC 1.66 - 098 1.64 1.06 197
MEKP 2% PC 1.32 - 118 0.90 1.13 0.89
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MEKP 1% as-cast 4) MEKP 1% Post-cured.
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