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ROBERT W. LENZ
 
 ANNUAL REVIEW
 
 APPLIED REACTION KINETICS Polymerization Reaction Kinetics The most noteworthy work published in 1967 and t o mid-I 968 has been singled out for discussion. Other work on polymerization kinetics is cited in tables
 
 n a book published in 1967, the author of this section of the review classified organic polymerization reactions into two major categories: step-growth polymerization and chain-growth polymerization (9A). These classifications are based on the manner in which polymer growth occurs and the relationship between reaction conversion and molecular weight. Chain-growth polymerization was further divided into homogeneous and heterogeneous reactions to separate the basically different mechanisms involved in the polymerization of monomers in the presence or absence of solid catalyst, where preabsorption of the monomer on the catalyst surface before insertion into the end of the growing polymer chain can greatly affect the kinetics of the reactions. These classifications are followed in this review of publications on polymerization reaction kinetics which appeared in print or became available from the beginning of 1967 to the middle of 1968. Investigations considered to be of general interest or of particular importance are singled out in the following paragraphs, while other kinetic studies are cited in the accompanying tables.
 
 I
 
 Step-Growth Polymerization
 
 AUTHOR Robert W . Lenz is Professor o f Chemical Engineering and a member o f the Polymer Science and Engineering faculty at the University of Massachusetts, Amherst, Mass.
 
 Polyesterification. A linear trimer of ethylene terephthalate was used as the starting material for obtaining the important rate constants involved in the preparation of poly(ethy1ene terephthalate) from bis(hydroxyethy1 terephthalate) (17A). With antimony trioxide being used as catalyst, these investigations revealed that the rates of ester interchange were surprisingly low at 231 OC, where k, = 0.15 1. mol-' hr-I for the reaction between two hydroxyethyl terephthalate endgroups and the rate constant for ester interchange between a hydroxyethyl endgroup and a n internal ester function was kR = (3.11 1. mol-' hr-l. T h e equilibrium constant for the former reaction was 0.36. T h e low rates were attributed to inactivation of catalyst by the monomers. Essentially the same equilibrium constant as reported in this work was observed in a kinetic study of the polyVOL.
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 TABLE 1. STEP-GROWTH POLYMERIZATION P o l p a r Tjpe
 
 merization of bis(hydroxyethy1 terephthalate) itself using either zinc salts or lead oxide as catalyst (44). The polymerization reaction in this study followed a simple third-order law (first order each in hydroxyl group, carboethoxy group, and catalyst concentrations). Activation energies determined for various types of catalysts increased in the order lead, zinc, and calcium salts. A termolecular mechanism was proposed to account for the kinetics observed. Third-order kinetics were also observed in a study of polyester formation by direct esterification, verifying that in the absence of a catalyst, the reaction is second order in the carboxyl group concentration through autocatalysis by the carboxylic acid function ( 6 A ) . Kinetic constants for ester interchange rates were also determined for a large number of aliphatic diesters condensed with diethylene glycol in the presence ofp-toluene sulfonic acid ( I A ) . Polyamidation. Kinetic studies of polyamidation by interfacial polycondensation were carried out in a special reactor which permitted determination of the weight, thickness, reduced viscosity, average density, and actual density of the polyamide film formed at the interface (13A). Diffusion coefficients were calculated from the data, and it was shown that the process consists of two steps; the first is a nonstationary phase during which a low density film is formed, after which the reaction becomes diffusion-controlled and consists of formation of new polymer within the preformed film to increase the density of the layer. I n another study of interfacial polyamide formation, kinetic constants were determined from the rates of disappearance of both the diacid chloride, which followed first-order behavior, and the diamine, for which the order decreased from 0.89 to 0.50 as its concentration increased ( 2 A ) . An activation energy of only 4 kcal mol-' was observed for the polymerization of terephthaloyl chloride with piperazine in this process. Polyurethanes. Rate studies were carried out on the amine- and metal-catalyzed reactions involved in polyurethane formation (IOA, I&), and the latter catalysts were also evaluated with model compounds in an unsuccessful attempt to obtain evidence for a n alcoholcatalyst complex ( 5 A ) . I n the amine-catalyzed reaction, the rate-determining step proposed was the rearrangement of the intermediate alcohol-isocyanate complex to the urethane. At low catalyst concentrations in the metalcatalyzed polymerization, autocatalysis was observed which was attributed to participation by preformed urethane linkages. Catalysis was only effective in this case mol 1.-' at catalyst concentrations above 5 x Homogeneous Chain-Growth Polymerization
 
 Free-radical polymerization. By applying two readily measurable quantities, the initial rate of polymerization and the number average degree of polymerization, to a 68
 
 INDUSTRIAL
 
 AND
 
 ENGINEERING
 
 CHEMISTRY
 
 Aromatic polyester Polyamide Poly(pheny1ene oxide)s Poly(ary1 ether)s Poly(dipheny1ene ether sulfones) Polybenzyl
 
 Polybenzyls Coordination polymers Melamine-formaldehyde
 
 Topic
 
 Rqf.
 
 Polycondensation kinctirs LI substitured bisphenok with tercphtha!o)l chloride Kinetics of polycondensation of diammonium carbox) late salts and copolyconlensarion with w-amino acids Kinetics of oxidative coup!ing of phenols Kinetics oi polycondencation of bi+4-(chloromerhy1)p en)] ether with sodium sa![ of bisphcnol A Structure of polvmeri leeks, A . C., Makromol. Cham., 108, 304-6 (1967). (19B) Cotman, J. D., Jr., Gonzalez, M. F., and Claver, G. C., J. Pobm. Sci., Part A-7, 5 , 1137-64 (1967). (208) De Schryver, F. C., Smets, G., and Van Thielen, J., ibid, Part B , 6, 547-50 (1968). (21B) Dudukin V. V. Medvedeva I M. Gritskova, I. A , , Medvedev, S. S., Ustinova, Z.’M., an)d Fodiman, ‘M., ’VJ‘~okomo1.Suedin., Ser. A , 10, 456-62 (1968). (22B) Dudukin V V. Medvedev, S. S., and Gritskova, I. A,, Dokl. A k n d . .Vat& SSSR, 172, 1i2518 ((967). (23B) Eastmond, G. C., Encyl. Polqm. Sci. Technoi., 7, 361-431 (1967). (24B) Eliseeva V.I. Malofeevskaya V. F. Gerasimova, A. S., Makarov Yu. A , , Izmailova, I ? S., a i d Orlova, K . G:, VJSO&IG~.Soedin., Ser. A , 9, 730-8 (1967). (25B) Eremina, E. N., Usmanova, N. F., Bezborodko, G. L., and Kitner, I. P., Plast. iMassy, 1967, pp 3-6. (26B) Farber, E., and Koral, M., Pobm. EnJ. Sci., 8, 11-18 (1968). (27B) Finkel’shtein, E. I., Gorbatov, E. Ya., Chernyak, I . V., and Abkin, A . D., Vysokomol. Soedm, S o . B , 10, 397 (1968). (28B) Galibei, V. I., Erigova, S. G., Ivanchev, S. S., and Yurzhenko, A. F., Ukr, Khim. Zh., 33, 191-6 (1967). (29B) Gardon, J. L., J . Pol;.nz. Sci.. Part A-7, 6, 623-641, 643-64 (1968).
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