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The molecular weight of the grafting-from copolymers increased with 
monomer feed ratio. Among the three copolymers, PS-g-PCL showed the highest 
MW. PS-g-PCL and 1:1 (monomer feed weight ratio) PS-g-PLA contained some 
crystallinity while PS-g-Nyion6 was amorphous (like soft solid or highly viscous 
liquid) for all monomer feed ratios. Grafting number and average grafting length 
determined by NMR, weighting, and TGA-DTG increased with monomer feed ratio 
and, as result, enhanced amorphous structure and plasticizing effect. PS-g-PCL 
showed the lowest Tg (soft solid) and the lowest Td among the three copolymers and 
its Tg and Td tended to increase with increasing e-caprolactone amount. PS-g-PLA 
exhibited relatively high Tg and thus presented as rigid solid with moderate Td. 
Moreover, PS-g-PLA exhibited increase in modulus with lactide content but its 
storage and loss moduli were comparable within a wide range o f temperature. PS-g- 
PCL and PS-g-Nvlon6 became softer with increasing caprolactone and caprolactam 
content in accordance to better solubility in water and 0.1 wt% aqueous salt 
solutions. On the other hand, PS-g-PLA showed better dissolution in aqueous salt 
solution than in water. The three copolymers were completely dissolved in 
chloroform (PS-g-PCL was the best) and swollen in methanol, propanol, and acetic 
acid (pK4).

RECOMMENDATIONS
*

In synthesis, the length and number o f chains depend on degree of 
substitution of 1-hydroxypropyl group, amount of feeding monomer, and types of 
catalyst. If degree o f substitution of acyl group is high and reduction reaction is 
complete, ring opening polymerization can occur at many functional groups resulting 
in short grafting polymer chains. Low molecular weight PS should be easier 
modified than high molecular weight PS, as a result of bulky group, steric hindrance 
and amorphous phase. Low molecular weight PS has influence on the solubility, 
morphology and thermal properties. Dubois, e t  a l. (1999) reported on the synthesis of
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aliphatic polyester grafted starch by in situ ring-openning polymerization (ROP) of E- 
caprolactone in the presence of starch-like polysaccharides. The polymerization is 
initiated from the starch phase with the amylase/amylopectin hydroxyl functions in 
the presence of a catalyst such as รท(Oct)2, or by adequate modification/activation of 
the surface hydroxyls into titanium or aluminium alkoxides, thereby promoting 
grafting and good interfacial adhesion between starch/polycaprolactone. รท(Oct)2 
0.2-0.4%wt as a catalyst gives about 50%wt of ungrafted monomer, while AlEt3 
gives 5-32% of ungrafted monomer. AlEt3 should be used as catalyst more than 
รท(Oct)2, which is suspected on the efficiency. DR-UV results show the yellow 
color of all products, so the additive that shows the color like nitrobenzene (yellow), 
should be added in small amount, 'h  NMR of nitrobenzene showed specific peak at 
about 8.0 ppm as confirmed by 'h  NMR spectra from ChemDraw Ultra8.0 Program 
(Figure E l) and DR-UV results show samples absorbing light in purple to blue 
ranges.

13c  NMR of all samples show unclear peak because the running period was 
about 2-3 hrs, which was too short. High molecular weight polymers generally need 
13c  NMR run over night to show clear peak.

The solubility of copolymers depends on the sense of observation of 
individual observer. In this experiment, the number of solvent drops into copolymer 
were counted. A cylinder was used to determined the number of solvent drops in 1 
mL which was only a rough scale. The copolymers were dissolved in water and 
0.1% salt water for 1 day with only a small amount of low molecular weight polymer 
coming out. If the copolymers were dissolved in these solvents for over 1 day, 
higher amount of low molecular weight polymer may come out.

Thermal properties of copolymers determined with DMA were carried out 
with only PS-g-PLA. Melt rheology analysis should be carried out with PS-g-PCL 
and PS-g-Nylon6 to confirm the DSC results because both of them were gel-like and 
thus not suitable for DMA test.

Grafting percentage calculation by all methods (weight, weight loss by TG- 
DTA, and the number of protons by 'h  NMR spectrum) gave the same trend. 
Counting number of protons by *H NMR spectrum was the best method because it 
showed the accurate value compared in atomic level. The calculations, based on
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weighing and weight loss by TG-DTA, showed higher error percentage from the 
weight of contaminating substances, e.g. nitrobenzene and oligomers. 
Contaminating nitrobenzene was proved by 'h  NMR spectrum that appeared at about
8.0 ppm. Castle, e t  al. (2004) analyzed honey samples for residues of nitrobenzene 
and petroleum from the possible use of flow mixture in hives. The results show 
boiling point of nitrobenzene at about 211 °c. Then degradation peak of nitrobenzene 
may be buried in the degradation peak of grafting polymer, the calculation could 
contain mistake too.

The copolymers can be spun to fiber and make a good film. Therefore PS- 
g-PLA and PS-g-PCL could be applied to coat agriculture products, e.g. orange, 
mangosteen, etc., because PLA and PCL are biodegradable polymers. Moreover, 
these copolymers could be applied to mulch film, used for preventing the humidity of 
soil. Furthermore, PS-g-Nylon6 in the ratio 1 to 3 was in the form of very soft and 
sticky solid which can be modified to glue. Also, when grafting of biocompatible 
polymer percentage was increased, the copolymers were softer. This advantage was 
suitable to improve the specific plastic used in medical applications such as flexible 
tube, or disposal tube. Solution of color for nail coating can be developed by adding 
copolymers that are clear film and able to wash out easily by water.
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