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ABSTRACT

Polylactic acid (PLA) possesses similar permeation resistance as polyesters, good gloss, transparency, and processability akin to

polystyrene, while it provides hot melt properties at temperatures lower than typical polyolefins. If PLA is amenable to liquefaction,

its applicability can be much enhanced and better able to interact with papermaking scenes. This study first investigated the effects of

hydrophilic-lipophilic balance (HLB) values and varieties of surfactants on the surface tensions of PLA emulsions. A factorial

designed experiment was then conducted to analyze the effects and interactions of thickener dosage, sonication dispersion time, and

sonication power on the emulsion stability. A contact angle measuring instrument was also used to measure the contact angles. A

dynamic light scattering (DLS) particle sizer was used to analyze micelle size distributions in order to discern the optimal conditions

in PLA emulsion stabilization. PLA emulsions formed using the optimal emulsification conditions were added with nanosericite (NS)

and nanocrystalline cellulose (NCC) to form composite emulsions. Transmission electron micrography observations of the

composites and the conditions of PLA substrate embedment was carried out. The emulsions were also coated onto paper and the

effects of coating on the paper strength, grease-proofness, water resistance and air permeation were measured. The results indicated

that the optimal emulsification conditions entailed HLB value of 13.9, and a mixture of 3 surfactants 40% of 20AB, 45% of 964H,

and 15% CDB. The resulting emulsification time could last 340 s; contact angle measurements of 9.4°; and DLS average micellar

size of 726 nm was observed. When 3.5 v/v% thickener was added and sonicated at 180 W for 5 min, the emulsion could maintain

for more than 2 d with average micellar size of 537 nm and contact angle was 69.1°. Upon addition of 0.25 w/v% of NS and NCC,

TEM observations of the composites indicated that PLA embedded the solids forming a S/O/W emulsion. When the emulsion was

applied as coating to base papers, the scanning electron microscopy observation found that the large amounts of entrained salt

crystals in the NS preparation which together with the coarse NCC particles tended to cause formation of pin holes and disrupted

the coat layer. Tensile strength of the coated paper showed a decreasing trend with the NS and NCC dosages. Addition of the

thickener increased the tensile strength of the coated paper albeit with slight effects. Increasing the coat weight also caused a rebound

in paper tensile strength. At higher NS dosages, the grease-proofness of the coated paper decreased. Greater coat weight and thicker

coat layer led to improved grease-proofness. The same was observed with thickener dosage was increased. Water resistance of PLA

composite coated paper tended to be poor. At higher coat weights, duet to the thicker coat layer, water resistance increased.

Similarly, at low coat weights, air resistance of the coated paper was very poor; whereas at higher coat weights, the thick layer

impeded air flow and the air resistance improved. Pure PLA films, however, provided good air resistance.
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