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Introduction

Polyurethanes are a unique class of polymers that have a wide range of applications because their properties can be readily modified by the variations of their component. Polyurethane materials possess very attractive bulk mechanical properties due to the presence of phase-separated structures. Conventionally, polyurethanes are extensively used as foams, coatings, adhesives, elastomers, and fibers. However, polyurethanes are prepared in organic solvent-based system, and these solvents are very expensive, and highly toxic. Therefore, many researchers study uv-curing system. The advantages of this uv-curing system include higher throughput, savings energy and reduced or eliminated solvent emission in comparison with solvent-based systems, since most formulations are 100% reactive oligomeric liquid and diluents. A uv-curable system is typically composed of reactive urethane oligomer, reactive diluents, and photoinitiator. Reactive urethane oligomer is the most important component in determining the ultimate physical properties of uv-cured coatings. Typically it is a segmented polyurethane oligomer tipped with acrylic functionality, combined with vinyl monomers, which are added to make harder products and to reduce the viscosity of the precursor liquid to obtain better processability. 

In this study, uv-curable polyurethane acrylates were prepared from poly(propylene glycol) (PPG), toluene diisocyanate (TDI), and 2-hydroxyethyl acrylate (HEA). Effects of molecular weight of polyol, chemical structure of reactive diluent and the contents of reactive diluent were studied in terms of thermal properties, solvent resistance, and morphological structure of cured films. The relationships between the soft-segment molecular weight and ultimate properties were also investigated as a function of reactive diluent and phase-separation.

Experimental


Extra pure grade 2,4-toluene diisocyanate (TDI), 2-hydroxyethyl acrylate (HEA), benzophenone, and N-methyldiethanolamine (MDEA) were used without further purification. Various molecular weight polyols, poly(propylene glycol) were dried and degassed at 80°C and 1-2 mmHg pressure until no bubbling was observed. Molecular weight of polyol is from 725 to 4000. Four reactive diluents, 1-vinyl-2-pyrrolodinone (NVP), lauryl methacrylate (LMA), hydroxypropyl methacrylate (HPMA), and poly(ethylene glycol) diacrylate (PEGDA) were used as received. 


Uv-curable polyurethane acrylates were synthesized using a two-step reaction procedure. Polyol and diisocyanate (1:2 by mole) were charged into a 500 mL round-bottom flask equipped with a mechanical stirrer, thermometer, and condenser with drying tube. The urethane forming reaction proceeded at 90°C for 1 hour, and the reaction mixture was cooled down to 40°C and HEA was added dropwise. NCO-terminated prepolymer with HEA was done for 3 hour below 45°C and for 0.5 hour at 60°C. Then the mixture of urethane acrylate, 1.4 wt% benzophenone, 1.4 wt% MDEA, and reactive diluent were heated to 90°C for 20 minutes.


Polyurethane acrylate films were prepared approximately 0.5-1.0 mm in thickness, and these samples were irradiated from both sides with 40 W-UV (365 nm) lamp for 3 min at room temperature.


For the morphological structure of cured polyurethane acrylate films, wide-angle X-ray diffraction (WAXD) patterns were obtained by using a Rigaku horizontal X-ray diffraction apparatus with nickel-filtered radiation. The CuK( radiation source  ((=1.54() was operated at 35kV and 40mA and all measurements were carried out (/2( mode. Each sample (20±1 mg) was cooled to –123°C at 40°C min-1, and its DSC thermogram obtained over the range –123°C to 117°C (or 217°C), at a heating rate of 20°C min-1 and a sensitivity of 5mcal sec-1 and under a He purge. IR spectra was taken before and after u.v. irradiation using. The resolution was 2.0 cm-1. Swelling test of cured films was performed for various solvents (NMP, xylene, and cyclohexanone) at room temperature for 24 hours.

Results and Discussion


Morphology of uv-cured polyurethane acrylate films was measured as a function of reactive diluents, molecular weight of polyols. Increase in the molecular weight of the polyol allows greater phase separation, resulting in higher phase purity and lower Tg of the soft-segment phase. The glass transition temperature of the hard-segment phase slightly decreased as the soft-segment molecular weight increase. With increasing soft-segment molecular weight
, solvent resistance was decreased. With increasing reactive diluent amount, solvent resistance was increased. 
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		Solvents:		NMP		m-xylene		cyclohexanone

		Curing time:		10 min		(both side)

		spec. Lamp:		20 W (uv lamp)

		Swelling Time:		24 hr

		Name		Initial Length		Final Length		delta Length		ratio		Initial Weight		Final Weight		delta Weight		ratio

		co.N10		1.5		1.9		0.4		0.2666666667		0.2		0.451		0.251		1.255

		co.N20		1.4		2		0.6		0.4285714286		0.179		0.38		0.201		1.1229050279

		co.P10		2.5		3.5		1		0.4		0.169		0.376		0.207		1.224852071

		T.HTPB1600.HPMA20		1.7		2.3		0.6		0.3529411765		0.3		0.745		0.445		1.4833333333
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		T.P2000.P10		1.8		2.2		0.4		0.2222222222		0.297		0.712		0.415		1.3973063973
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		T.P4000.L10		1.6		2.3		0.7		0.4375		0.185		0.765		0.58		3.1351351351

		T.P4000.L20		1.5		3.4		1.9		1.2666666667		0.151		0.65		0.499		3.3046357616

		T.P4000.N10		1.7		2.4		0.7		0.4117647059		0.123		0.431		0.308		2.5040650407
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		T.P4000.P10(opacity X)		1.4		2.1		0.7		0.5		0.172		0.601		0.429		2.4941860465

		T.P4000.P20(opacity X)		1.6		2.2		0.6		0.375		0.263		0.741		0.478		1.8174904943

		T.P725.L10		1.9		2.5		0.6		0.3157894737		0.338		0.54		0.202		0.5976331361

		T.P725.L15		1.7		2.4		0.7		0.4117647059		0.267		0.655		0.388		1.4531835206

		T.P725.L20		1.7		2.1		0.4		0.2352941176		0.233		0.517		0.284		1.2188841202

		T.P725.N10		3.5		4.3		0.8		0.2285714286		0.429		0.871		0.442		1.0303030303

		T.P725.N20		3.1		3.6		0.5		0.1612903226		0.336		0.565		0.229		0.681547619

		T.P725.P10		1.9		2.3		0.4		0.2105263158		0.373		0.815		0.442		1.1849865952

		T.P725.P20		1.5		1.8		0.3		0.2		0.191		0.342		0.151		0.7905759162

				L-Ratio		W-Ratio

		T.P725.L10		0.3157894737		0.5976331361

		T.P725.L15		0.4117647059		1.4531835206

		T.P725.L20		0.2352941176		1.2188841202

		T.P725.N10		0.2285714286		1.0303030303

		T.P725.N20		0.1612903226		0.681547619

		T.P725.P10		0.2105263158		1.1849865952

		T.P725.P20		0.2		0.7905759162





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



L-Ratio

W-Ratio

Sample

Ratio

Swelling Ratio



Sheet2

		





Sheet3

		






_1027789217.xls
Chart5

		T.P4000.L10		T.P4000.L10

		T.P4000.L20		T.P4000.L20

		T.P4000.N10		T.P4000.N10

		T.P4000.N20		T.P4000.N20

		T.P4000.P10(opacity X)		T.P4000.P10(opacity X)

		T.P4000.P20(opacity X)		T.P4000.P20(opacity X)



L-Ratio

W-Ratio

Sample

Ratio

Swelling Ratio

0.4375

3.1351351351

1.2666666667

3.3046357616

0.4117647059

2.5040650407

0.4444444444

2.2666666667

0.5

2.4941860465

0.375

1.8174904943



Sheet1

		Solvents:		NMP		m-xylene		cyclohexanone

		Curing time:		10 min		(both side)

		spec. Lamp:		20 W (uv lamp)

		Swelling Time:		24 hr

		Name		Initial Length		Final Length		delta Length		ratio		Initial Weight		Final Weight		delta Weight		ratio

		co.N10		1.5		1.9		0.4		0.2666666667		0.2		0.451		0.251		1.255

		co.N20		1.4		2		0.6		0.4285714286		0.179		0.38		0.201		1.1229050279

		co.P10		2.5		3.5		1		0.4		0.169		0.376		0.207		1.224852071

		T.HTPB1600.HPMA20		1.7		2.3		0.6		0.3529411765		0.3		0.745		0.445		1.4833333333

		T.HTPB1600.N20		1.3		1.7		0.4		0.3076923077		0.267		0.562		0.295		1.1048689139

		T.HTPB1600.N20      ///		1.5		1.9		0.4		0.2666666667		0.24		0.503		0.263		1.0958333333

		T.HTPB900.N10(gel)		3.3		4		0.7		0.2121212121		0.437		0.842		0.405		0.9267734554

		T.HTPB900.N20		1.5		1.8		0.3		0.2		0.23		0.405		0.175		0.7608695652

		T.HTPB900.P10		1.2		1.8		0.6		0.5		0.2		0.497		0.297		1.485

		T.P2000.725.P10		3		3.7		0.7		0.2333333333		0.279		0.562		0.283		1.0143369176

		T.P2000.L10		1.8		2.5		0.7		0.3888888889		0.23		0.625		0.395		1.7173913043

		T.P2000.L20		1.6		2.5		0.9		0.5625		0.184		0.532		0.348		1.8913043478

		T.P2000.L20(TEA)		2		2.6		0.6		0.3		0.198		0.492		0.294		1.4848484848

		T.P2000.N10		2.9		3.9		1		0.3448275862		0.194		0.485		0.291		1.5

		T.P2000.N20		1.7		2.1		0.4		0.2352941176		0.277		0.628		0.351		1.2671480144

		T.P2000.P10		1.8		2.2		0.4		0.2222222222		0.297		0.712		0.415		1.3973063973

		T.P2000.P20		1.9		2.3		0.4		0.2105263158		0.167		0.371		0.204		1.2215568862

		T.P4000.L10		1.6		2.3		0.7		0.4375		0.185		0.765		0.58		3.1351351351

		T.P4000.L20		1.5		3.4		1.9		1.2666666667		0.151		0.65		0.499		3.3046357616

		T.P4000.N10		1.7		2.4		0.7		0.4117647059		0.123		0.431		0.308		2.5040650407

		T.P4000.N20		1.8		2.6		0.8		0.4444444444		0.21		0.686		0.476		2.2666666667

		T.P4000.P10(opacity X)		1.4		2.1		0.7		0.5		0.172		0.601		0.429		2.4941860465

		T.P4000.P20(opacity X)		1.6		2.2		0.6		0.375		0.263		0.741		0.478		1.8174904943

		T.P725.L10		1.9		2.5		0.6		0.3157894737		0.338		0.54		0.202		0.5976331361

		T.P725.L15		1.7		2.4		0.7		0.4117647059		0.267		0.655		0.388		1.4531835206

		T.P725.L20		1.7		2.1		0.4		0.2352941176		0.233		0.517		0.284		1.2188841202

		T.P725.N10		3.5		4.3		0.8		0.2285714286		0.429		0.871		0.442		1.0303030303

		T.P725.N20		3.1		3.6		0.5		0.1612903226		0.336		0.565		0.229		0.681547619

		T.P725.P10		1.9		2.3		0.4		0.2105263158		0.373		0.815		0.442		1.1849865952

		T.P725.P20		1.5		1.8		0.3		0.2		0.191		0.342		0.151		0.7905759162

				L-Ratio		W-Ratio

		T.P4000.L10		0.4375		3.1351351351

		T.P4000.L20		1.2666666667		3.3046357616

		T.P4000.N10		0.4117647059		2.5040650407

		T.P4000.N20		0.4444444444		2.2666666667

		T.P4000.P10(opacity X)		0.5		2.4941860465

		T.P4000.P20(opacity X)		0.375		1.8174904943





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



L-Ratio

W-Ratio

Sample

Ratio

Swelling Ratio



Sheet2

		





Sheet3

		






_1027789096.xls
Chart4

		T.P2000.L10		T.P2000.L10

		T.P2000.L20		T.P2000.L20

		T.P2000.L20(TEA)		T.P2000.L20(TEA)

		T.P2000.N10		T.P2000.N10

		T.P2000.N20		T.P2000.N20

		T.P2000.P10		T.P2000.P10

		T.P2000.P20		T.P2000.P20



L-Ratio

W-Ratio

Sample

Ratio

Swelling Ratio

0.3888888889

1.7173913043

0.5625

1.8913043478

0.3

1.4848484848

0.3448275862

1.5

0.2352941176

1.2671480144

0.2222222222

1.3973063973

0.2105263158

1.2215568862



Sheet1

		Solvents:		NMP		m-xylene		cyclohexanone

		Curing time:		10 min		(both side)
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		T.P4000.L10		1.6		2.3		0.7		0.4375		0.185		0.765		0.58		3.1351351351

		T.P4000.L20		1.5		3.4		1.9		1.2666666667		0.151		0.65		0.499		3.3046357616

		T.P4000.N10		1.7		2.4		0.7		0.4117647059		0.123		0.431		0.308		2.5040650407

		T.P4000.N20		1.8		2.6		0.8		0.4444444444		0.21		0.686		0.476		2.2666666667

		T.P4000.P10(opacity X)		1.4		2.1		0.7		0.5		0.172		0.601		0.429		2.4941860465

		T.P4000.P20(opacity X)		1.6		2.2		0.6		0.375		0.263		0.741		0.478		1.8174904943

		T.P725.L10		1.9		2.5		0.6		0.3157894737		0.338		0.54		0.202		0.5976331361

		T.P725.L15		1.7		2.4		0.7		0.4117647059		0.267		0.655		0.388		1.4531835206

		T.P725.L20		1.7		2.1		0.4		0.2352941176		0.233		0.517		0.284		1.2188841202

		T.P725.N10		3.5		4.3		0.8		0.2285714286		0.429		0.871		0.442		1.0303030303

		T.P725.N20		3.1		3.6		0.5		0.1612903226		0.336		0.565		0.229		0.681547619

		T.P725.P10		1.9		2.3		0.4		0.2105263158		0.373		0.815		0.442		1.1849865952

		T.P725.P20		1.5		1.8		0.3		0.2		0.191		0.342		0.151		0.7905759162

				L-Ratio		W-Ratio

		T.P2000.L10		0.3888888889		1.7173913043

		T.P2000.L20		0.5625		1.8913043478

		T.P2000.L20(TEA)		0.3		1.4848484848

		T.P2000.N10		0.3448275862		1.5

		T.P2000.N20		0.2352941176		1.2671480144

		T.P2000.P10		0.2222222222		1.3973063973

		T.P2000.P20		0.2105263158		1.2215568862
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