














time, gloss, reverse impact resistance, MEK resistance, and UV resistance of the NMP-free Hybrid Asp com­pared favorably to Hybrid A and the benchmarked commercial materials. The IPA resistance was better for Hybrid A5P than that for three of the other systems tested. Interestingly, the commercial paints had com­paratively much lower impact resistance. 
Further Study A potential area for improvement of the NMP-free hybrids is their IPA resistance. Crosslinking of the HPDs through their carboxylic acid groups is a poten­tial way to improve their resistance properties. Indeed, the resistance properties of acid-functional polymers have been found to be improved when crosslinked with an epoxy-silane crosslinker, 13-(3,4-epoxycyclohexyl)­ethyltriethoxysilane ( a cycloaliphatic epoxy-silane) .18• 19 Shelf-stable ( at least six months) formulations using Hybrid A have been formulated.20 The use of epoxy­silane and other crosslinkers to improve the perform­ance properties of NMP-free hybrids needs to be examined. Another market need is for lower cost for­mulations. Acrylics are often blended into PUDs for that purpose, and should be evaluated in the NMP-free HPDs. 

SUMMARY AND CONCLUSIONS Waterborne, high-performance, urethane-acrylic HPDs have been developed to offer cost/performance advantages over standard 1 K coating materials such as polyurethane dispersions (PUDs ), acrylic emulsions, and blends thereof. These so-called Type 2 hybrid poly­mers provide many of the benefits ( e.g., superior me­chanical properties and chemical resistance) of PUDs but at an intermediate cost between PUDs and low-cost acrylics. The Type 2 hybrid has an IPN-like polymer structure which is characterized by a broad glass transi­tion temperature range as measured by DMA. The IPN­like structure is the result of the chemical composition of the material and, particularly, the process by which the urethane and acrylic are polymerized together as a homogenous mixture thatjs dispersed as colloidal par­ticles in water. The IPN-like morphology is apparently responsible for the hybrid's outstanding properties, which would not be predicted from a simple, arith­metic rule of mixtures. New NMP-free HPDs have been developed to meet the market needs for lower odor products that comply with increasingly stringent regula­tions. The NMP-free HPDs have been shown to provide dispersion and coating properties comparable to their NMP-containing counterparts. Due to their lack of NMP and low residual monomer contents, both NMP­free HPDs were observed to have reduced odor, which 
34 February 2005 is obviously desirable from a health and safety perspec­tive. In addition, the lack of NMP offers potential regu­latory benefits ( e.g., California Proposition 65). Because the performance of the HPD systems was found to compare favorably with other polymer sys­tems (PUDs, HPD, and acrylic) evaluated, the possibil­ity exists to replace or partially replace those types of polymers with HPDs. 
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Appendix A-Clear Coating Formulations and Formulation Properties. 
(See Appendix C for list of materials and suppliers as indicated by superscripts.) 

Table Al-Clear Coating Formulation for Hybrid A 

M_a_t _en_·a _l _________________ W_�ght% 
Pre-Mix: Mix a solution of the following Solvent• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.98 Surfactant1 • • • • • • • • • • • • • • • • • • • . . . . • . . . . . . . . . . 0.40 Defoamer9 .................... , ••... , .. , , . . . . 0.2 1 
Resin Blend: Add to the following with agitation Hybrid A' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 79.76 
Letdown: Dilute to brush and roll viscosity Water . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.65 Total ...................................... 100.00 

Table A2-Clear Coating Formulation for Hybrid B 

�M _at_e _ria_l _________________ W_eig_ht % 
Pre-Mix: Mix a solution of the following Solvent• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.93 Surfactantf .........................••.... , . . 0.40 Defoamer9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.21 
Resin Blend: Add to the following with agitation Hybrid Bb • • • • • • . • • • • • • • • • • • • • • • • • • • • • • . • • • . • 7 9.5 1 Letdown: Dilute to brush and roll viscosity Water . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.95 Total ...................................... 100.00 
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Table A3-Clear Coating Formulation for Hybrid A5F 

Mate rial Weight% 

Pre-Mix: Mix a solution of the following Solvent• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 2.15 Solve nth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.4 9 Solvent; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.93 Surfactant1 . . . . . . . . • • . • • . . . . . . . . . . . . . . . • • . . . . 0.05 Defoameri .... , ............................. , 0.10 
Resin Blend: Add to the following with agitation Hybrid A5F' •••••••••••••••••••••••••• • • • • • • • • -9.0....2.8. Total .................... , •.....•.......... 100.00 

Table A4-Clear Coating Formulation for Hybrid B5F 

Material Weight % 

Pre-Mix: Mix a solution of the following Solvent• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.13 Solventh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.27 Solvent; ........................... , . . . . . . • . 3.71 Surfactant1 • • . . . • . . . . . . . . . . . . . . . . . . • . . . . • . • • . 0.05 Defoameri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.10 
Resin Blend: Add to the following with agitation Hybrid B5/ • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • 8 6.7 4 Total ...................•.................. 100.00 February 2005 35 
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