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                    Abstract
Composite latex particles made from sequential processing steps may have a wide range of morphologies. The particular structure achieved is the result of a number of complex interactions between the chemical and physical aspects of the emulsion polymerization process. The intention is often to produce a core-shell particle structure, but in reality this is often a nontrivial task. In addition, it is challenging to develop confident conclusions about the detailed morphology of such particles, even when the two-component polymers are well phase-separated. This paper reports on an inter-laboratory study of acrylic-styrene copolymer latices in which the two-component polymers were not well phase-separated—a common result when attempting to make core-shell latex particles. Six different organizations each performed a number of analytical measurements to characterize two different latex systems. Their collective results were presented at a workshop in which the group strived to reach consensus on the detailed structures of the particles. Their conclusions were that multiple, complementary analytical results are required to reach a sound decision. While electron microscope results were always judged to be necessary, considered by themselves, it is often found that one can be led to false conclusions, especially for systems that are not well phase-separated. Given the results of this study it is clearly inappropriate to assume that the polymer formed in the second stage of a semibatch latex polymerization process forms a shell, giving rise to a core-shell morphology.
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Appendix
Particle size measurements
Particle sizes were measured at UNH using capillary hydrodynamic fractionation (CHDF) with a Matec CHDF 2000, and at Cytec Surface Specialties (Cytec SS) using dynamic light scattering (DLS) with a NICOMP particle analyzer from Particle Sizing Systems, Inc. The results are shown in Table 5 for the weight average (D
                              w) and number average (D
                              n) particle sizes and the polydispersity, PD = D
                              w/D
                              n.

Table 5 Particle size measurementsFull size table


                           There is some discrepancy between the values measured at UNH and Cytec Surface Specialties. In general, the values measured at UNH were smaller. This may be due in part to the use of two different techniques. From the UNH data it is possible to compare the observed volumetric growth ratio ((D
                              f/D
                              i)3, where D
                              f and D
                              i are the final and seed diameters), to the expected value (taking into account the different polymer densities) because measurements for both the seed and composite latices are available. In the case of system 2, the observed ratio (2.13) is close to that expected (2.2). However, for system 3, the observed value (1.55) is significantly less than expected (1.87). In both cases, the conversion of monomer to polymer was over 90%. For system 3, since the particles did not reach the expected size, but nearly full conversion was obtained, one might expect that new, smaller, particles were formed in the second-stage polymerization and gave rise to smaller average particles sizes. However, no new particles were detected as evidenced by the low-PD values obtained at both UNH (by CHDF) and Cytec SS (by light scattering) and by microscopy results. Thus, the discrepancy between the expected and observed growth ratios for system 3 is not yet explained.
Copolymer compositions and stage ratios from 13C NMR

                              13C NMR was performed by Arkema and used to determine the copolymer compositions in the seed stages, as well as the stage ratios in the composite latices. The results are presented in Table 6. The comonomer ratios in the seed polymers agree very well with the ratios in the monomer feed streams (Table 1). While the stage ratio for system 3 is exactly equal to the expected value of 100%, the stage ratio for system 2 is somewhat less. This suggests that not all of the second-stage monomer was polymerized during the preparation of system 2 composite latex, but this does not agree with the high conversion of second-stage monomer measured for that experiment nor the fact that the particle size growth ratio for system 2 was equal to the expected value. The reason for this discrepancy is not understood, but it is not a large enough concern to affect the overall conclusions related to morphology determination.

Table 6 Seed copolymer compositions and composite latex stage ratios as measured by 13C NMR (numbers represent weight percentages)Full size table
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