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CHLOROPRENE POLYMERS Introduction Polychloroprene [9010-98-4] was discovered in 1930 at E. I. DuPont de Nemours & Co. in Wilmington Delaware. The discovery grew out of a need to develop a synthetic substitute for natural rubber. DuPont ﬁrst marketed this ﬁrst commercially successful synthetic elastomer as DuPrene in 1933. In response to new technology development that signiﬁcantly improved the product and manufacturing process, the name was changed to Neoprene in 1936. The current commercially acceptable generic name for this class of chlorinated elastomers is CR or chloroprene rubber. Since the time of its introduction to the marketplace, Neoprene has been more than a simple replacement for natural rubber. Like natural rubber, Neoprene is rubbery, resilient, and has high tensile properties. However, Neoprene has better heat stability, better resistance to varying environmental weathering conditions, superior ﬂex life, excellent solvent and oil resistance, and reasonable electrical properties when compared to natural rubber. This unique combination of properties poised Neoprene for solving many of the potential problems besetting the automotive, construction, footwear, specialty apparel, transportation, and wire and cable industry throughout the twentieth century and beyond. The good balance of properties has made the polymer useful in a large divergent list of applications including aircraft, appliance, automotive, bridge pad, chemical-resistant clothing, home furnishings, machinery, mining and oil ﬁeld belting, underground and undersea cables, recreation, and tires. Current worldwide consumption of polychloroprene approximates 239,239 ton with a value of more than $1.5 billion.



Polymerization Processes Chloroprene, 2-chloro-1,3-butadiene [126-99-8] monomer undergoes dimerization and autopolymerization when stored at ordinary temperatures. These reactions occur simultaneously by different mechanisms. Free-radical processes normally initiate autopolymerizations. The dimerization reactions are thermally initiated. Dimerization. The dimerization reactions follow second-order kinetics and involve 2 + 2 and 4 + 2 concerted and nonconcerted cycloaddition reactions. Alternate mechanisms involving Cope rearrangements account for the formation of dichlorocyclooctadiene. The rate of dimer formation is affected both by the temperature and the monomer concentration. Owing to the high (20.9–24 kcal mol − 1 ) activation energy, storage tank temperature is a powerful tool for controlling rates of dimerization (1,2). Free-radical inhibitors do not inhibit chloroprene and dichlorobutadiene dimerization (3–6). As dimerization is one of the major sources of the exothermic heat of reaction, storage vessel temperature control is of primary concern in avoiding uncontrollable runaway reaction during commercial monomer synthesis and storage of chloroprene and dichlorobutadiene. Encyclopedia of Polymer Science and Technology. Copyright John Wiley & Sons, Inc. All rights reserved.
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Dilution of monomer with inert solvents aids the safe shipment of these reactive monomers. Free-Radical Polymerization. Autopolymerization of chloroprene monomer occurs readily under free-radical and photochemical conditions (see RADICAL POLYMERIZATION). The electron-rich and electronegative chlorine atom facilitates the high reactivity of this monomer. Over the temperature range 20–80◦ C, the initiation depends on the formation of di-radicals or the added free radical that initiates polymerization (see INITIATORS, FREE-RADICAL). Polymerization proceeds at a rate that follows ﬁrst-order kinetics with an activation energy of 82 kJ mol − 1 (19.6 kcal mol − 1 ) and a heat of polymerization of 68–75 kJ mol − 1 (16–18 kcal mol − 1 ) (1,3,7,8). k(p) = 4.8 × 10 − 8 s − 1



Bulk Polymerization. Bulk polymerization is strongly catalyzed by peroxides such as cumene hydroperoxide or chloroprene peroxides. Chloroprene peroxides are formed either by deliberate or adventitious exposure of monomer to oxygen (4,9). Maynard showed that less than 0.1% polymer was formed when specially puriﬁed chloroprene monomer was allowed to age in the dark at ambient temperatures for 8 weeks. When chloroprene monomer was exposed to 0.1 mol% oxygen and aged in a similar manner, 19% polymer was formed in only 3 days. Thus, oxygen absorption leading to peroxide formation is a major safety concern in the large-scale manufacture and storage of chloroprene and dichlorobutadiene. Thiodiphenylamine (0.05%) mitigates the problem by reducing the oxygen absorption rate at 25◦ C by more than four orders of magnitude. Emulsion Polymerization. Commercial polymers are made by aqueous batch, semicontinuous (semibatch), or continuous free-radical emulsion polymerization. The emulsion system is composed of ﬁve components: monomer, surfactant, water, chain-transfer agent, and initiator (2) (see HETEROPHASE POLYMERIZATION). Organic fatty acid salts, sulfonic acid salts, or substituted diterpene salts (sodium abietate) derived from synthetic or natural (eg pine trees) sources constitute the surfactants most commonly employed to stabilize the colloid for emulsion polymerization. Water forms the continuous phase that provides low emulsion viscosity, aids in heat transfer, and compartmentalizes polymerization to allow the rapid formation of high molecular weight polymer where branching can be effectively controlled. Emulsion polymerizations are faster than bulk, solution, or suspension and yield polymers having a much higher molecular weight (10). When used at 0.01–1.5 wt% concentrations, dodecylmercaptan, iodoform, or dialkyl xanthogen disulﬁdes are efﬁcient chain-transfer agents. The molecular weight of chloroprene sulfur copolymers is controlled by a different strategy. Copolymerization of chloroprene with 0.1–2% sulfur followed by cleavage and capping thionyl ends with a combination of 1.0–5.0% tetraethyl thiuram disulﬁde and 0.25–2.0% sodium dibutyl dithiocarbamate yields a polymer having numberaverage molecular weights that range up to 500,000 a.m.u. (11). Polychloroprene emulsion polymerization follows the Smith–Ewert kinetics, developed initially for polystyrene (2). On mixing the monomer, water, and surfactant under high shear, the surfactant molecules will cluster into monomer
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swollen micelles and monomer droplets. The micelles number 1017 –1018 micelles dm − 3 having diameters ranging from 50 to150 ˚A. The bulk of the monomer resides in the surfactant-stabilized monomer droplets that number 109 –1011 dm − 3 , with particle diameter ranging from 1 to10 µm. The initiators are generally formed in situ by redox reactions of oxidants such as alkali persulfates or peroxides and reducing agents such as alkali sulﬁtes, reducing carbohydrates, or reducing acids. Upon addition of the initiator to the emulsion, free radicals are formed in the emulsion aqueous phase at a rate of 1016 –1018 radicals dm − 3 s − 1 . Harkins’s theory suggests that emulsion polymerization occurs in three intervals. During interval I, or the particle formation phase, the free radicals from initiators either react with monomer in the aqueous phase to propagate oligomeric chains (homogeneous nucleation), enter the micelles to initiate polymerization (micellular nucleation), or less frequently initate polymerization in the much larger and sparser monomer droplets (droplet nucleation). As polymerization continues all micelles continue to grow and are ultimately converted into polymer particles, signaling the start of interval II. During interval II, the polymer particles continue to grow as more monomer diffuses from the droplets to the locus of polymerization. When all monomer has diffused from the droplets to the particles, the monomer droplets disappear, signaling the beginning of interval III. During interval III, polymerization rates initially decrease as the concentration of the monomer has been reduced signiﬁcantly. At the latter stages of interval III, polymerization rates increase again (Tromsdorff gel effect) because of decreased termination frequency of growing radicals resulting from high internal viscosity (12). At a desired conversion of the monomer, the polymerizations of mercaptan, iodoform, and xanthogen disulﬁde modiﬁed polymerizations or chloroprene–sulfur copolymerizations are quenched with the aid of hindered phenols, alkyl hydroxylamines, or thiodiphenylamine. Typically, an emulsion will contain 30–60% solids at the end of polymerization. In addition to electrostatic colloid stabilization generated by anionic surfactants, liquid dispersions are also made from nonionic surfactants. Stabilization of the emulsion is achieved by electrosteric stabilization or by pure steric stabilization (2,13). Polyoxyethylene dodecyl ethers, polyoxyethylene nonyl phenyl ethers, and polyoxyethylene nonyl phenol ethers are a few surfactants typically used in emulsion polymerization with nonionic surfactants (14–16). Non-ionic emulsion polymerizations are characterized by lower critical micelle concentration than their ionic counterparts. Thus, the emulsion particle sizes are generally much larger than in the ionic polymerizations. The mechanism of radical entry and exit in polymeric surfactant stabilizer systems are different than in anionic systems. With water-soluble initiators, the kinetics depends on initiator concentration. Chain-Transfer. In emulsion polymerization, polymer chains grow rapidly to achieve a very high molecular weight. The ultimate polymer molecular weight can, however, be conveniently controlled by chain-transfer agents (AX). A chaintransfer agent, AX, intercepts a growing polymer radical.
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The active center of the chain-transfer agent reacts with the growing chain to stop further chain propagation. A new free radical, A, is formed from the chaintransfer agent. The new free radical initiates a second polymer chain by reacting with more monomer, M. Thus, the ultimate polymer molecular weight depends on the concentration of the chain-transfer agent (17). There are at least two conditions that deﬁne a chain-transfer agent. A compound becomes a chain-transfer agent if the rate of polymer chain propagation exceeds the rate of chain-transfer. kp [M]  ktr,AX [AX] This condition allows the polymer chain to propagate to a high molecular weight. Secondly, the rate constant for polymer chain propagation, kp , must be of similar magnitude to the rate constant for re-initiation of the polymer chains by the chain-transfer agent (17). In instances where one or the other condition is not satisﬁed, the agent could be considered an inhibitor. kp ≥ kpA Thios (eg dodecyl mercaptan), halogenated compounds (eg CBr4 , CCl4 ), and activated disulﬁdes such as xanthogen disulﬁdes are normally employed in commercial polychloroprene polymerization.



The mechanism of this series of reactions involving dodecyl mercaptan chaintransfer during a high pH polymerization was elucidated using radio-sulfurtagged dodecylmercaptan (18). The use of multiple chain-transfer agents of different reactivities yielded polymer of more uniform structures (19). The chain-transfer rate constants, ktr , are determined from the average molecular weight in a polymerizing system. The intercept of a Mayo plot of number-average molecular weight against [I]/Rp where [I] is the initiator concentration and Rp is the polymerization rate (20). Extensive compilations of ktr values are found in the open literature (21). Dodecyl mercaptan is used in the manufacture of commercial Neoprene W. The chain-transfer rate constant for dodecyl mercaptan with chloroprene was determined using the Mayo plot technique (22) as follows: ◦



ktr,DDM = 368 dm3 /(mol · s) at 40 C



Vol. 9



CHLOROPRENE POLYMERS



193



The choice of chain-transfer agents can have an impact on vulcanizate properties. Mercaptan chain-transfer agents yield polymer having nonreactive and dangling end groups. Xanthogen disulﬁde chain-transfer agents produce polymers having reactive end groups that participate in the vulcanization reaction, contribute to the network structure, and thereby contribute to high modulus of the polymer. Copolymerization. In free-radical copolymerization (qv), the composition of the copolymer is controlled by the comonomer reactivity ratios (23). The monomer reactivity ratio is deﬁned as the quotient of the rate constants for chain homopropagation to the rate constant for chain cross-propagation. rA = kAA /kAB rB = kBB /kBA The expressions are an outcome of the “terminal model” theory with several steady-state assumptions related to free-radical ﬂux (14,23). Based on copolymerization studies and reactivity ratios, chloroprene monomer is much more reactive than most vinyl and diene monomers (Table 1). 2,3-Dichloro-1,3-butadiene is the only commercially important monomer that is competitive with chloroprene in the free-radical copolymerization rate. 2,3-Dichlorobutadiene or “ACR” is used commercially to give crystallization resistance to the ﬁnished raw polymer or polymer vulcanizates. α-Cyanoprene (1-cyano-1,3-butadiene) and β-cyanoprene (2-cyano1,3-butadiene) are also effective in copolymerization with chloroprene but are difﬁcult to manage safely on a commercial scale. Acrylonitrile and methacrylic acid comonomers have been used in limited commercial quantities. Chloroprene– isoprene and chloroprene–styrene copolymers were marketed in low volumes during the 1950s and 1960s. Methyl methacrylate has been utilized in graft polymerization particularly for vinyl adhesive applications. A myriad of other comonomers have been studied in chloroprene copolymerizations but those copolymers have not been used with much commercial success. Table 1. Chloroprene (M1) Reactivity Ratios Comonomer M2 Acrylonitrile Butadiene 2,3-Dichloro-1,3-butadiene 1-(2-Hydroxyethylthio)-1,3-butadiene 2-Fluoro-1,3-butadiene 2-Cyano-1,3-butadiene Diethyl fumarate Isoprene Methacrylic acid Methyl acrylate Methyl methacrylate 2,3,3-Triﬂuoro-1-vinyl cyclobutane Styrene Sulfur



r1



r2



5.38 3.41 0.31 1.00 3.70 0.14 6.51 2.82 2.7 10.40 6.33 2.71 5.98 2–4



0.056 0.06 1.98 0.20 0.22 2.8 0.02 0.06 0.15 0.06 0.08 0.64 0.025 0.18
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Chloroprene–Sulfur Copolymerization. The high reactivities of chloroprene and dichlorobutadiene permit copolymerization with sulfur to yield tolueneinsoluble and partially gelled copolymers of high molecular weight. Gelled polymers are highly cross-linked polymers that are insoluble in toluene. In solution or aqueous emulsion polymerization, a growing polychloroprene radical reacts with rhombic (nonpolymeric) sulfur (24) or suitable sulfur donors such as 1,2,3,4-tetrasulfocyclohexane (25) or polysulﬁdes (26) to yield a copolymer. Reaction with elemental sulfur involves cleavage of the eight-membered sulfur in a ring-opening reaction to yield a thionyl-terminated radical.



The radical will initiate another homopolymer chain by reaction with more monomer. Finally disproportionation occurs and the sulfur rank is reduced to 3–6 sulfur atoms per block unit. The average number of sulfur atoms between polychloroprene chains or sulfur rank has been explored by 1 H NMR. The chemical shift of the methylene hydrogen atoms adjacent to the polythionyl linkages vary from 3.45 to 3.9 ppm (27). It is believed that the sulfur rank for a typical chloroprene–sulfur copolymer contains a predominance of S3 to S6 units. The assignment is consistent with ease of reaction of dialkyl polysulﬁdes (Sx > 2) with the chemicals normally used in the peptization reactions that follow. In order for the chloroprene-sulfur copolymer to be useful for rubber processing and curing, the molecular weight or Mooney viscosity must be reduced to approximately 500,000 a.m.u. This molecular weight corresponds to approximately 45 Mooney viscosity, where Mooney viscosity was determined according to ASTM D-1646-96A with a large rotor at 100◦ C test temperature for 5 min total test time. Molecular weight reduction is achieved by cleaving the sulfur–sulfur bonds of the copolymer through a process termed peptization.
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In solution or at the end of emulsion polymerization, tetraalkyl thiuram disulﬁdes are added to the emulsion. Very little reaction occurs at this point. Alkali metal salts of dithiocarbamates, secondary amines, or alkali salts of mercaptobenzothiazole (28) are added to initiate the peptization reaction through sulfur–sulfur bond cleavage. The polychloroprene sulﬁde ion reacts with the tetraalkyl thiuram disulﬁde to cap the end of the polymer and generate a second dithiocarbamate salt. The second dithiocarbamate salt propagates the peptization reaction. Thus, the ﬁnal polymer molecular weight and bulk Mooney viscosity will depend on initial sulfur concentration in the copolymerization and the concentration of tetraalkyl thiuram disulﬁde and dithiocarbamate salt added during the peptization step. Interpenetrating Polymer Networks (IPN). Polymerization of vinyl and diene monomers over an already formed molecule held in a polymer particle represents a special case of copolymerization. The interpenetrating polymer networks (qv) thus formed overcome many of the miscibility and other problems associated with physical blends of individual copolymers and leads to new compositions that are useful for coatings, adhesives, and caulks (14). Polychloroprene IPNs have been made by co-curing copolymers of 1-chloro-1,3-butadiene [627-22-5]. The 1chloro-1,3-butadiene comonomer polymerizes in a fashion to increase the allylic chloride concentration in the copolymer backbone. The butadiene copolymer with 1-chloro-1,3-butadiene (29) and octyl acrylate copolymer (30) improved the low temperature brittleness, oil resistance, and heat resistance of polychloroprene. Block Copolymers. Block copolymers (qv) have been made in two-step processes. First a mixture of chloroprene and p-xylene-bis-N,N  -diethyl dithiocarbamate was photopolymerized to form a dithiocarbamate-terminated polymer which was then photopolymerized with styrene to give the block copolymer. The block copolymer had the expected morphology of spherical polystyrene domains within the polychloroprene matrix (31). Other routes to block copolymers involved hydrolysis of xanthate or thiocarbamyl end-capped polymers followed by oxidative coupling of the two different homopolymers. Core–shell technology is another potential route to block copolymers. Graft Polymerization. Graft polymerization is related to block copolymerization. A block copolymer contains long sequences of two monomers (ie AAA monomer blocks followed by BBB monomer blocks) along the copolymer chain. Graft copolymers (qv) consist of long chains of one monomer with occasional branches consisting of long chains of a second (grafted) comonomer. The branched points are normally formed by allylic atom (typically hydrogen) abstraction by free-radical initiators (eg peroxides) to yield a resonance-stabilized free-radical.
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The free radical initiates the addition polymerization of a second monomer beginning at the locus of the free radical. Generally grafting is performed to signiﬁcantly modify polymer properties. In the production of emulsion-polymerized acrylonitrile–butadiene–styrene tripolymer, styrene and acrylonitrile are grafted onto rubbery polybutadiene to improve compatibility between the thermoplastic and rubber matrix used in impact modiﬁcation (12). Methyl acrylate, acrylonitrile, alkyl methacrylates (eg methyl, octyl, lauryl), fumaronitrile, methacrylic acid, and dichlorobutadiene have been employed in solution and emulsion graft polymerization with polychloroprene. In general, solvent resistance, heat resistance, and hydrolytic resistance were improved. Solution graft polymerization of methyl methacrylate to polychloroprene is a commercially important process for making adhesives ﬁnding utility for bonding to vinyl-containing plasticizers that migrate to the surface of the substrate with time.



Other Modes of Polymerizations. Popcorn Polymerization. ω-Polymerization frequently referred to as popcorn polymerization owing to the physical appearance of the polymer, can be a dangerous side reaction for monomer storage vessels. The polymerization appears to proceed without external initiation (32–34), and is catalyzed by the tightly gelled polymer seeds that are a product of the polymerization. Once seeds are present and immersed either in the liquid or vapor phase of monomer, their weight increases exponentially with time. Fresh radicals are formed continuously by mechanical rupture of the polymer chains that are swollen by dissolved monomer (32,35). Termination of polymer radicals, in turn, is inhibited by the rigidity of the polymer network. The reaction is temperature sensitive, and can be minimized with adequate cooling (32). On the other hand, heat transfer may be impaired as the mass of material grows. Polymerization continues until the available monomer is consumed or gross amounts of inhibitor are added to the system. A number of inhibitors such as organic nitrites, nitroso compounds (32), oxides of nitrogen (36), alkali metal mercaptides (37), or nitrogen tetroxide adducts with unsaturates (78,79) have been recommended. The best control, however, is routine inspection and clean up of equipment to eliminate seeds. Non-Free-Radical Polymerization. Nonradical polymerizations have not produced commercially useful products, although a large variety of polymerization systems have been studied. The structural factors that activate chloroprene toward radical polymerization often retard polymerization by other mechanisms. Cationic polymerization with Lewis acids yields resinous homopolymers containing cyclic structures and reduced unsaturation (41,42,171) (see CARBOCATIONIC POLYMERIZATION). Polymerization with triethylaluminum and titanium tetrachloride gave a product thought to have a cyclic ladder structure (43). Anionic polymerization with lithium metal initiators gave a low yield of a rubber product. The material had good freeze resistance compared with conventional polychloroprene (44). Alternating copolymers of chloroprene have been prepared from a number of donor–acceptor complexes in the presence of metal halides. Frequently this enables preparation of copolymers from monomers having unfavorable reactivity ratios in radical polymerization. Triethylaluminum sesquichloride with a vanadium oxychloride cocatalyst yielded alternating copolymers of chloroprene with acrylonitrile, methyl acrylate, and methyl methacrylate when equimolar amounts
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of the two monomers were used (45). Polymer composition tended to follow the composition of the monomer mixture (46). The chloroprene units were shown to be in the trans-1,4-conﬁguration (46) on the basis of infrared spectra. Variables affecting the acrylonitrile copolymerization were studied in detail (47) by infrared spectra. The alternating copolymer of acrylonitrile and chloroprene is resinous. A copolymer containing 35 mol% acrylonitrile was a soft, oil-resistant elastomer (47). Stability constants have been determined for complexes of acrylic monomers with ethylaluminum sesquichloride, and related to the kinetics of copolymerization with chloroprene (48). Kinetic data have been determined for polymerization in the presence of a manganese cocatalyst (49). A series of graft polymers on polychloroprene were made with isobutylene, iso-butyl vinyl ether, and α-methylstyrene by cationic polymerization in solution. The efﬁciency of the grafting reaction was improved by use of a proton trap, 2,6di-tertiarybutyl pyridine (50).



Polymer Microstructure Unsymmetrical diene monomers such as chloroprene polymerize by four reaction pathways: 1,4-head-to-head, 1,4-head-to-tail, 1,2-and 3,4-polymerization (Fig. 1). The concentrations of microstructure vary with polymerization temperature (51) (Table 2). The (Z)- or trans-conﬁguration predominates at conventional polymerizations carried out in the range of 10–45◦ C.



Table 2. Microstructure of Polychloroprene by 13 C NMRa 1,4-Addition Polymerization Head 1,2-Addition 1,2-Addition temperature, Z or to tail E- or tertiary allylic isomerized primary ◦ C trans (inverted) cis chloride allylic chloride 3,4-Addition +90 +40 +20 0 −20 −40 −150 a Refs.



85.4 90.8 92.7 95.9 97.1 97.4 ∼100 51,64.



10.3 9.2 8.0 5.5 4.3 4.2 2.0



7.8 5.2 3.3 1.8 0.8 0.7 200 103 73



118 110 84 81 49
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Table 7. Plasticizer Properties for Polychloroprene Desired property Low cost Light-colored or nonstaining stocks (including black stock) Low temperature service Heat resistance



Low ﬂammability Fungus resistance Use with peroxide cure systems



Preferred plasticizers Petroleum oils, naphthenic and aromatic Ester plasticizers, chlorinated parafﬁns, or selected petroleum oils Ester plasticizers or cis-polybutadiene Polymeric plasticizers, chlorinated parafﬁns, polyester plasticizers, and low volatility petroleum oils Chlorinated parafﬁns and organic phosphate esters A polyether-[di(butoxy-ethoxy ethyl) formal] Ester, chlorinated parafﬁns, or polymeric plasticizers



Of auxiliary agents, linseed oil, unsaturated vegetable oils, rapeseed oil, and hydrocarbon waxes enhance the efﬁciency of an antiozonant in a dynamic ozone test as they bloom to the surface of the polymer. Ester plasticizers such as dioctyl sebacate impair ozone resistance presumably because of enhanced solubility of polar esters in the polar polychloroprene network polymer. Finally, the mechanism for ozone attack differs appreciably from oxygen attack at allylic atoms. Thus, an antioxidant is generally used in combination with an antiozonant for polychloroprene. Plasticizers. Plasticizers (qv) are used in polychloroprene to improve compound processability, to modify vulcanizate properties, and to reduce cost (Table 7). There are ﬁve classes of plasticizers normally employed for polychloroprene vulcanization: (1) organic esters, (2) petroleum oils, (3) vegetable oils, (4) chlorinated parafﬁns, and (5) polymeric plasticizers (Table 8). Some attributes of the different classes follow: Mixing. The ability to be mixed in existing equipment used in natural Rubber Compounding (qv) was one factor that contributed to the easy acceptance of polychloroprene after its discovery (Table 9). Mixing of compounds of various sizes can be performed on two-roll mills or in an internal Banbury mixer. A typical 20-min procedure follows: Several variations of the basic scheme are used in the industry: (1) upsidedown mixing, (2) sandwich mixing, (3) straight mixing, (4) optimum dispersion mixing, (5) masterbatch mixing. In Upside-down mixing all the ﬁller and oil are loaded ﬁrst into the mixer and then the rubber added on top. The ram is lowered and the mixing starts. This gives cold rubber, which gives more shear on the black at the critical initial stage and you can therefore get shorter mixing times with better dispersion. The downside temperature develops much faster. The accelerators and zinc oxide are best added on a second mill or in a second operation just before the stock is needed for curing (96,119). Bin stability is thus enhanced. Calendering and Extrusion. Friction compounds are used to build up composite structures of fabric and rubber. The surface of the calendered fabric must have good green strength or “building” tack. Thus calendered stocks are usually made from slow-crystallizing polychloroprene types. Polychloroprene
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Table 8. Classes of Plasticizers for Polychloroprene Advantages



Disadvantages



Organic esters (eg dioctyl sebacate, butyl oleate): (refs. 83,116,117) Higher cost Best low temperature brittle point Volatile, leading to poor heat resistance Nonstaining, nondiscoloring May craze plastics Useful for nonblack compounds Decreases stress–strain and tear Good compatibility Increases crystallization rates (116,117) Petroleum oils: Low cost General purpose Aromatic oils have good compatibility Naphthenic oils have moderate compatibility Chlorinated parafﬁns (eg chlorowax, chloroﬂo) Better ﬂame resistance than hydrocarbon rubber Good low temperature properties Can be used in nonblack stock Good heat resistance Moderate compatibility



Aromatic oil stain and interfere with peroxide cure Parafﬁnic oils have low compatibility



Low plasticizer efﬁciency Increased smoke emissions



Vegetable Unsaturated Oils (linseed and rapeseed) Good antiozonant properties Encourages fungus growth Good heat resistance Retards sunlight-induced discoloration Polymeric ester plasticizers (hexa-oxypropylene glycol monomethacrylate) (118) Good heat resistance and low volatility Low plasticizer efﬁciency Resins (eg coumarone–indene resins) Improved building tack Improved heat resistance Improved tear strength High vulcanizate hardness Improved abrasion resistance Improved crystallization resistance



Reduced resilience Reduced low temperature properties



compounds can be formulated to process well in the four basic calendering operations, which include unsupported sheet, fractioning, plying-up, and skim coating (120). Unsupported sheet calenders use smooth compounds based on sol/gel blend or pre-crosslinked types. These polymers of very low nerve will calender smoothly and rapidly. Plying up is done when smooth sheets are required in a thickness which cannot be calendered in one operation. Plying up gives a better sheet since pin holes and other ﬂaws do not extend through the full thickness of the sheet. Frictioning stocks are very soft and tacky. They permit penetration and adherence
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Table 9. Compounding Polychloroprene Step Set mill for 6 mm sheet and turn on cooling water Mass polychloroprene containing no accelerator Add high activity magnesia, retarders, and antioxidants Add hard ﬁllers (ﬁne furnace blacks or silicas) Add soft ﬁllers (large furnace and thermal carbon blacks, and mineral ﬁllers and oils) Add wax, petrolatum, stearic acid Add zinc oxide and accelerators; cut, batch off, dip, and hang to cool



Minutes



Cumulative time



5 2



5 7



2–5 4–9



9–12 13–21



2 6



15–23 21–29



to the interstices of the fabric. Slow-crystallizing polymers are used for this application. Skim coating is similar to plying up with the fractioned fabric as one ply. Extrusion. Polychloroprene has been employed in a wide variety of extrusion (qv) processes. Intricate cross-sections such as highway compression seals, bulb weather-stripping, and hose represent a few examples. As with calendering, extrusion is very sensitive to nerve. The DuPont Dow neoprene sol/gel blend types are best suited for extrusion applications. Use of low levels of highly structured furnace carbon blacks, stearic acid, petroleum, parafﬁn wax, triethanolamine benzoic acid, and calcium stearate are particularly effective extrusion aids. The screw of the extruder should have a constant diameter root with increasing pitch. Heat history of the compound should be minimized, with only a brief warm-up before extrusion begins. The barrel and screw should be run cool, 50◦ C, and the die hot, 95◦ C (96,119). Molding. Molding is used widely for fabricating CR into belts, hose, sponge, and a variety of industrial products. All of the standard molding techniques have been used successfully with commercially available equipment. Molding methods include compression molding, transfer molding, injection molding, blow molding, vacuum molding, and tubing mandrel wrap. An optimum cure cycletime–temperature relationship must be selected based on the curing characteristics of the compound and the suitability of existing equipment. Mold design must take into consideration the easy rapid removal of the cured part without damage (121). The Bament guide contains speciﬁc recommendations on cure condition for speciﬁc end use applications (81).



Properties of Polychloroprene Polymers Crystallization. Some elastomers crystallize at temperatures that can signiﬁcantly impact processing and vulcanizate behavior. Thus it is necessary to account for these behaviors when developing rubber compound formulations and processes. Crystallization is manifested by stiffening and hardening of the raw polymer, uncured compounded polymer, and the vulcanized polymer. Elastomers that crystallize will do so on stretching and thereby exhibit increased tensile strength. Those elastomers (eg polychloroprene and natural rubber) will
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Fig. 5. Proﬁle of low temperature compression set.



require less reinforcing ﬁllers to develop strength than types that do not stresscrystallize (122). Crystallization is also enhanced by compression. Frequently the proﬁle describing the low temperature compression set as a function of time is S shaped, indicating an initial period of nucleation followed by stress-induced rapid crystallization (Fig. 5). The rates of crystallization of some polychloroprene commercial types follow a general trend: homopolymer > chloroprene–sulfur copolymer > chloroprene–sulfur–dichlorobutadiene tripolymer > chloroprene– dichlorobutadiene copolymer having higher levels of dichlorobutadiene (123). Finally, in addition to promoting stress-induced crystallization, polyester plasticizers will also increase crystallization rates. Presumably, the ester plasticizers provide a medium for increased chain mobility that permits polymer chains to migrate to the preferred crystalline cells. Hydrocarbon oil plasticizers and co-blends with hydrocarbon rubbers will retard crystallization rates but may improve low temperature brittleness resistance. Crystallization is important for some hose manufacturing applications as it imparts some stiffness for braiding. The rapid crystallization of some polychloroprene polymers is fully exploited in adhesive manufacture and use (64). Crystallization of amorphous polymers is a time-dependent phenomenon. Polychloroprene crystallizes fastest at −12◦ C (123,124). Below this temperature, thermal stiffening commences and restrains molecular motion and alignment. Crystallization rates and degree of crystallization are heavily impacted by several phenomena, of which polymer polymerization temperature and thermal history of the polymer sample before measurements are most important. Hardness increase, differential scanning calorimetry (DSC), differential thermal analysis (125–127), low temperature compression set, and Gehman torsional stiffness are tests normally employed to measure crystallization properties. The heat of fusion of the crystalline phase of polychloroprene homopolymer is approximately 96 kJ/kg (23 kcal mol − 1 ) and the activation energy for crystallization is 104 kJ/mol (25 kcal mol − 1 ). The extent of crystallization can be calculated from
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Fig. 6. Effect of polymerization temperature on the crystalline melting point of chloroprene rubbers produced by emulsion polymerization: 䊉, highest observed value; 䊊, lowest observed value. From Ref. 124.



the density of amorphous polymer (ρ = 1.23) and the crystalline density (ρ = 1.35). Thus, a polymer that is polymerized at −40◦ C melts at 73◦ C and is 38% crystalline. A polymer polymerized at +40◦ C melts at 45◦ C and is approximately 12% crystalline (Fig. 6). X-ray diffraction has also been used to measure crystallinity. X-ray diffraction analysis showed that the polychloroprene unit cell is orthorhombic, a = 0.88 nm, b = 1.02 nm, and c = 0.48 nm (128). Heat Aging and Degradation. The weather and ozone resistance of polychloroprene vulcanizates are enhanced by the presence of chlorine atoms in the molecule. Thus, polychloroprene is more resistant to environmental elements than natural rubber. In comparison to saturated elastomers, polychloroprene is less heat and oxidation resistant. H. C. Bailey studied the degradation of a mercaptanmodiﬁed polychloroprene homopolymer and model compound (chlorooctene) under controlled temperature (90–120◦ C), environmental chamber gas composition, and gas ﬂow rates (124,127,129). Bailey concluded that as the polymer was oxidized hydrogen chloride evolved at a rate that closely matched oxidation or oxygen uptake. Oxidation brought about both scission and cross-linking of the polymer and decreased the proportion of the polymer that was capable of crystallizing. In the early stages of oxidation, cross-linking occurred mainly through the formation of intermolecular peroxides. The activation energies for oxidation and accompanying dehydrochlorination were found to be 17.6 and 25.8 kcal mol − 1 , respectively, for polychloroprene. Molecular weight determination showed that at low degree of oxidation, scission of polymer molecules predominated over cross-linking. Chain scission resulted from the decomposition of intramolecular peroxides and hydroperoxides, with concomitant evolution of hydrochloride, ketones, and acid chloride moieties. At higher degrees of oxidation, polychloroprene gradually increases in modulus and loses elongation, leading to increased hardness and brittleness. Oxidation initiates at the allylic hydrogen or chlorine atoms, particularly atoms residing in tertiary positions that are formed during 1,2- or
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3,4-polymerization (130–132). After an initial induction period, rapid autoxidation increases with temperature (133). At the low monomer conversion characteristic of mercaptan-modiﬁed polymers, the concentration of microstructures arising from 1,2- and 3,4-polymerization is lower than that found in higher conversion types. Thus, polymers made at low polymerization temperatures with mercaptan modiﬁcation are the most heat-resistant polychloroprene types (93). Hydrogen chloride evolution with polymer degradation did not occur readily at 120◦ C in a nitrogen atmosphere (96). At much higher temperatures (eg 275◦ C), the polychloroprene polymer was carbonized with HCl liberated by a non-freeradical mechanism (134). Polymer polymerized at low temperatures showed better thermal stability (93). The practical ceiling service temperature in air for conventional polychloroprene polymers used in dynamic applications is approximately 120◦ C. To reach this high service temperature, antioxidants and antidegradants are added during rubber compounding. Alternately, theory predicts that elimination of tertiary hydrogens and tertiary chlorine atoms would improve heat resistance. Several studies have supported the theory. Thus, post-reaction of polychloroprene with dodecyl mercaptan (135), use of high levels of ethylene thiourea during curing (136), and inclusion of reactive thios such as mercaptobenzimidazole in the cure systems (137) all react away the labile chlorine atoms, thereby improving heat resistance. The latter technique is particularly important in improving the heat resistance of mercaptan-modiﬁed polychloroprene.



Commercial Dry Type Applications The Guide to Grades, Compounding and Processing of Neoprene Rubber compiled initially by J. C. Bament lists the major dry type applications and starting formularies for compounds to meet the speciﬁc end uses (98). Formularies for the following applications are included: Adhesives, automotive, bridge bearing pads, cable jackets, cellular products, coated fabrics, conveyor belts, footwear, hose, power transmission belts, proﬁles, roll covers, sheeting, and tank lining.



Latex or Liquid Dispersions Polychloroprene latexes are aqueous dispersions of synthetic polychloroprene polymers with surfactants. The surfactants of choice are markedly different than the protein-based surfactants contained in natural rubber latex that is reportedly at the root of human hypoallergenic reactions associated with the use of natural rubber latex. Latex products are manufactured in an identical fashion as the dry polymers described earlier. One major exception is that the primary and auxiliary surfactants used in latex manufacture are not destroyed prior to shipment to the end user. Molecular weight control is identical with mercaptan, organic halides, and xanthogen disulﬁdes chain-transfer agents typically used. Copolymerizations are conducted with the same variety of comonomers that include
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Fig. 7. Properties as a function of gel content.



2,3-dichloro-1,3-butadiene, sulfur, and acrylic acids and esters. Polymerization temperatures are varied from 5◦ to 50◦ C at atmospheric pressures to control polymer microstructure and crystallinity. The choice of surfactant package for latex products is much more critical than for dry types, since the latex must remain colloidally stable for time periods measured in weeks or months instead of hours as required in dry-type manufacture. Since the latexes contain discrete stabilized polymer particles that are dispersed in the aqueous medium, the latex displays good rheological properties. The latex polymer structures can differ appreciably from dry types. Long-chain branching and gelled structures are more tolerable in latex, since the polymer does not need to be isolated by freeze roll. The branched and gelled structures offer advantages to the end users who fabricate adhesives having a high cohesive strength, good stress–strain characteristics, and high bond strength at elevated temperatures (Fig. 7). Low temperature polymerization yields crystalline polymers having high room-temperature bond strength, high cohesive strength, and good stress–strain characteristics (Fig. 8). These two phenomena form the basis for propagating the global adhesives product line of which the following is indicative. Global Latex Product Line. There are three general classes of polychloroprene latexes: anionic, cationic, and nonionic. By far, the anionic latex class constitutes the largest commercial volumes for general use. Cationic latexes are usually made with quaternary ammonium salts and are made in the smallest volume types. The nonionic latexes differ appreciably from ionic lattices in several important aspects, of which chemical and mechanical stability are the most different (Table 10). The Theoretical Basis of Latex Stabilization. The colloidal stability of each class of latex is primarily dependent on the effectiveness of the surfactant. In the high permittivity of water, most polymer colloid particles carry an electric
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Fig. 8. Properties as a function of crystallinity.



charge. These electric charges arise from the ionization of groups at the polymer surface. In ionic polychloroprene emulsions, the electric charges are formed by the neutralization of substituted carboxylated diterpenes (rosins and resins) with caustic during the emulsiﬁcation process. The surface of the polymer particle is smooth and charges are uniformly distributed over the surface. To satisfy the condition of electroneutrality, the sodium carboxylate moiety resides at the interphase with sodium counterions solubilized in the aqueous phase near the carboxylate coions. The spatial distribution of coions and counterions form the electronic “double layer” of 1/κ thickness. This boundary layer stabilizes the colloid (139). In the 1940s Derjagin, Landau, Verway, and Overbeek suggested that the electrostatic stability (84,85) of latexes could be explained on the basis of three potential energy terms that include repulsive potential



Table 10. Comparison of Anionic and Nonionic Latexes Comparisons (138) Surfactant type Colloidal stabilization mechanism Stability Mechanical Electrolytic to ionic contaminants Storage pH % Solids Surface tension, mN/m Brookﬁeld viscosity, mPa·s (= cP) Average weight of average particle size, nm



Anionic



Nonionic



Sodium or potassium resinates Electrostatic



Poly(vinyl alcohol) Steric



Good Good Poor–fair Good 12 + 38–60 39 5–500 100



Exceptional Excellent Excellent Gel increases 7–8 47 58 500 300
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energy (V R ), van der Waals attraction (V A ) and the Born potential (V B ). This theory became widely known as the DLVO theory. VTotal = VR + VA + VB Latex stability is achieved when the electrostatic repulsion term, V R , dominates attractive forces at the interparticle distance near 4/κ. At very close interparticle distances, a potential energy barrier is encountered. If particles are forced over the potential energy barrier to the primary minimum, permanent coagulation occurs (Fig. 9). Thus, stability is heavily dependent on repulsive energies, which are functions of at least three variables: (1) boundary layer thickness, (2) valence of the counterion and ionic contaminants, and (3) concentrations of electrolyte. As electrolyte concentration is increased, the electronic double layer thickness decreases, the particles move toward the primary maximum, and coagulation occurs. Multivalent counterions are important adjuvant for dipped goods manufacture where chemical coagulation is required (Table 11). In the latex end use applications, DLVO stabilization must be considered in designing a latex compound. Latex Compounding. Polychloroprene latexes are used in six general applications: adhesives, binders, coatings, dipped goods, elasticizers, and foam. The conversion of the raw latex to a tough ﬁnished product depends on compounding and curing. Latex compounding has one complication not present for dry types. The colloid chemical and mechanical stabilities of the aqueous dispersion containing added compounding ingredients must be considered. Masterbatching vs individual dispersion make-up will minimize introduction of electrolytes,
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Table 11. Double Layer Thickness with changing Electrolyte Concentration Electrolyte concentration moles/d3 10 − 5 10 − 4 10 − 3 10 − 2 10 − 1



1/κ, nm 1/κ, nm 1/κ, nm (high counterion valence) (higher counterion valence) 96.3 30.4 9.63 3.04 0.96



55.6 17.6 5.00 1.76 0.56



39.3 12.4 3.93 1.24 0.39



facilitate dispersion of difﬁcult materials, minimize processing mistakes, lower cost, increase production rates, and generally generate less waste. Mechanical stability during compounding is enhanced by control of seven variables: (1) (2) (3) (4)



Use of tanks and pipes having smooth interiors. Use of low shear and low speed agitators with no dead spots. Use of gravity ﬂow where possible. Where gravity ﬂow is not possible, use of positive displacement pumps—no gear or pinch pumps. (5) Use of air pressure only to transfer but not to store latex. (6) Use of areas of high humidity to decrease evaporation rates. (7) Filtration of the compound if viscosity permits. Depending on the application, a latex compound may contain up to nine compounding ingredients: (1) deionized water, (2) antifoam, (3) colloidal stabilizers, (4) polymer stabilizers, (5) curatives, (6) tackiﬁers, (7) ﬁllers, and (8) thickeners. All have speciﬁc functions that contribute to the outcome of the ﬁnished part (see LATEX TECHNOLOGY).



Polychloroprene Latex The latex can be chosen from a wide variety of liquid dispersions available on the basis of the crystallization and gel properties desired (Fig 10). For example, Neoprene water-based polychloroprene latexes available from DuPont Dow have the following properties (96,140,141) (Table 12).



Additives. Antifoam. It is best to prevent foam from forming in the latex than to eliminate foam by use of defoamer. To prevent foam formation,we need to avoid free fall of latex or any dispersion and emulsion, which contains surfactants that will facilitate foam formation. When mixing latex with other ingredients, the agitator impeller should be turned off until the blade is covered with latex. Any ﬁllers, which may have absorbed air on the particles, should be prewetted and foam allowed to subside before adding the ﬁllers to the latex compound. Colloidal Stabilizers. Colloidal stabilizers are normally added to increase shear stability of anionic latexes, improve chemical stability of nonionic latexes,
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Fig. 10. Crystallization rate vs gel content of water-based polychloroprene latexes.



and to sequester cations. The surfactants are also used to wet-water insoluble additives. Anionic stabilizers such as potassium resinates, potassium caseinate or Darvan WAQ (R. T. Vanderbilt Co.) are used with anionic latexes to improve the mechanical stability in coating and binders. Darvan SMO, sodium sulfated methyloleate, is speciﬁcally recommended for use in dipping compounds to improve smoothness and to eliminate striations. Tritons (Dow Chemical Co.), Igepals (Rhodia Chemical Co.), Tergitols (Dow Chemical Co.) are added to nonionic latexes to improve chemical stability. Cationic latexes require cationic or nonionic surfactants (Darvan NS). Cations are normally sequestered with Calgon (Calgon Corporation), sodium silicate, or trisodium phosphate. Polymer Stabilizers or Antioxidants. No polychloroprene latex compound is complete without additives that give adequate protection against polymer oxidation. The oxidation studies for dry types also apply to polymers contained in latexes. Hindered phenols are used in many applications. When used at 1-phr, Table 12. Polychloroprene Latex Compound Neoprene latex Deionized water Antifoam Darvan WAQ (R. T. Vanderbilt) Potassium caseinate Triton X-100 (Dow Chemical Co.) Sodium silicate Wingstay L (Goodyear Tire and Rubber Co., Chemical Division) Zinc oxide Sulfur Thiocarbanilide Hi/Lo MP tackiﬁers Fillers Polyacrylate



100 Dry weight Wherever needed 0.05–0.10 0–1.0 0–1.0 0–1.0 0.25 2.0 5.0 0–1.0 0–1.0 As needed As needed As needed



Vol. 9



CHLOROPRENE POLYMERS



223



Wingstay L (butyrated-p-cresol-bicyclopentadiene) (Goodyear Tire and Rubber Co.) provides adequate protection in most adhesive applications. The bisphenols are nonstaining and generally nondiscoloring. Curatives. Consistent with dry type technology, metal oxides have three functions in a latex compound. Zinc oxide participates in the curing reaction. Zinc oxide is an effective acid scavenger. In applications where the substrate is not acidic, zinc oxide is not needed. Such substrates include chrysoltile asbestos gaskets or the hydraulic cement in elasticized concrete. Sulfur is occasionally added to polychloroprene latexes to achieve a higher state of cure. Added sulfur is not effective for chloroprene–sulfur copolymer latexes. Films containing 1-phr sulfur darken considerably upon curing. Retention of elasticity of such ﬁlms decreases further on continued exposure to heat. Accelerators. Accelerators catalyze the cross-linking of the polymers by a similar mechanism described for dry types. The latex version has some advantage over dry types in that many of the crosslinks for latex types were formed during polymerization. The use of Thiocarbanilide (N,N  -thiourea) yields products of higher modulus, lower tensile strength, and best oil swell resistance. Butyl Zimate (zinc dibutyl dithiocarbamate) (R. T. Vanderbilt Co.) is practically equivalent to Thiocarbanilide cures but imparts less color change. Tepidone (sodium dibutyl dithiocarbamate) and tetraethyl thiuram disulﬁde (TETD) give products of lower modulus, higher tensile strength, higher elongation, and less color. Ultraviolet Ray Screeners. Carbon black and red iron oxide provide additional resistance to degradation from exposure to sunlight. They are used only sparingly, however, because of discoloration at the adhesive line. Fillers. Fillers are used in compounds to increase viscosity, increase solids, and to lower cost. Most ﬁllers used in latex do not exhibit the reinforcing effect that is characteristic of their use in dry-type polychloroprene. Water-washed whiting (calcium carbonate) can be added directly to the latex. Most clays are acids and must be neutralized and slurred before adding to the latex. When used at levels ranging from 10- to 20-phr, ﬁne clays such as DIXIE Clay (R. T. Vanderbilt Co.) can add some degree of reinforcement. Hard clays have much smaller particle size than soft clays. Feldspar can be added directly to the latex but will tend to settle quickly. Hydrated alumina is used primarily to improve ﬂame retardancy and improve water resistance. Large-particle-size hydrated alumina can be added directly to the latex. Thickeners. Thickeners are always the last ingredients to be added. Polyacrylates are the preferred thickeners for polychloroprene latex. They are usually diluted with equal parts of water to generate a pourable ﬂuid, which can be added directly to the compound. Algums have higher viscosity stability than polyacrylates at high pH. Cellulose derivatives are effective thickeners but are much more difﬁcult to handle, usually requiring backmixing with a small amount of latex before adding it to the compound. Bentonite clay is a favorite thickener for very high viscosity adhesives such as mastics. Fumed silica is a good choice for latex formulations having a pH of 7–10. Biocides. Waterborne systems of pH < 10- are prone to bacterial attack. The phenomenon is normally not a problem with solvent-borne systems. Bacterial infestation normally manifests itself by malodor, discoloration, and gas evolution. Nuosept 95 (Creanova Co.) is an effective biocide.
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Latex Applications A good way to remember the applications for latex is to follow the ﬁrst six letters of the alphabet: A, adhesives; B, binders; C, coatings; D, dipped goods; E, elasticizers; and F, foam. Adhesives. An adhesive is a continuous ﬁlm sandwiched between two substrates. Polychloroprene latexes are used as waterborne contact bond adhesives where a latex-based adhesive compound is placed on both substrates to be bonded. Immediately before the two coated surfaces dry, the two substrates are placed together and bonded. Many of the environmental, personnel exposure and potential ﬁre hazards associated with the use of aromatic-hydrocarbon–solvent adhesives are avoided by the use of latex adhesives. Both anionic and nonionic latexes are used in adhesive applications. The high uncured strength, high cohesive strength, high internal strength, and good contactibility of polychloroprene with a variety of substrates are attributes that make polychloroprene useful in this application. The high uncured strength of the adhesive arises from the crosslinks made in the latex during polymerization. Binders. A binder is a mixture of discrete polymer particles distributed throughout a matrix. The particulates can be cellulosic, ground leather, or ground rubber. The high internal bond strength of polychloroprene makes the latexes useful for binding cellulosic ﬁbers in sandpaper. Up to 17,000,000 lb/year of polychloroprene latex have been used for shoeboard applications. Regenerated leather made by use of polychloroprene latex to bind ground leather scraps is a prominent example of use as a binder. Wet-web saturation with polychloroprene is used in shoeboard applications requiring a ﬂexible polymer of high binder efﬁciency, adhesive solvent resistance, and moisture and chemical resistance. The high durability, resistance to weather, and resilience without curing are polychloroprene properties that ﬁnd utility in fabrication of resilient surfaces such as tennis courts and athletic tracks. Coatings. Coatings are continuous ﬁlms adhering to one substrate. The substrate can be ﬁber glass, ﬁber glass bats, fabrics, composite laminates, or carpet. Polychloroprene has been used in all of these applications due to its erosion resistance, chemical resistance, abrasion resistance, weather resistance, sound dampening characteristics, thermal insulation properties and the inability of properly formulated polychloroprene to support combustion. Fiber glass and ﬁber glass bats used in construction ducts are coated with polychloroprene latex to prevent ﬁber glass particles from contaminating air that passes through the ducts. Polychloroprene-coated ﬁber glass provides good thermal insulation and sound dampening. Polychloroprene-coated ﬁber glass is used under automotive hoods to provide a degree of ﬂame retardancy and sound dampening. Woven fabrics used for printer blankets are coated with polychloroprene to provide resistance to solvent and inks. Polychloroprene composite laminates for industrial suits (eg ﬁreﬁghter’s suits) are coated with polychloroprene to provide chemical resistance, weather/abrasion resistance, durability, and a degree of ﬂame retardancy. Rugs and upholstery can be coated with polychloroprene latex, particularly those used in aircraft. Flame retardancy is a key property highlighted.
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There are advantages and disadvantages to using polychloroprene latexes in these applications. The gelled polymer from polymerization provides high uncured strength, particularly in applications where post curing is not practical. The disadvantage lies in the high pound/volume cost. Thus, latexes that permit high ﬁller loading reduced cost without much sacriﬁce of properties are successful in these applications. Dipped Goods. Dipped goods have continuous ﬁlms (supported or unsupported) that are usually formed by chemical coagulation of latex compounds. Polychloroprene latexes are used in a variety of dipped goods applications including automotive, tractor shift controls, convoluted parts, windshield wiper blades, supported and unsupported gloves, and meteorological balloons. The major advantages of polychloroprene are ozone resistance in objects having sharp contours, durability, chemical resistance, ﬂexibility, feel, tear strength, oil/chemical/abrasion resistance and resistance to ultraviolet rays. Generally the latexes are sold to a latex compounder who formulates the latex for the end use fabricators. Polychloroprene latexes have many advantages over natural rubber in terms of resistance to household and industrial detergents and chemicals. Gloves made from polychloroprene have 100% chemical resistance, oil resistance, ozone resistance, and heat resistance. A unique application involves meteorological balloons. Balloons made from polychloroprene are used to convey sensors up to 150,000 feet into the atmosphere for purposes of determining the direction of weather currents. A special combination of stress–strain properties, resistance to ozone, and ultraviolet sunrays are important for optimum functioning of the balloon. Elasticizers. Elasticizers are composites of small particles of near molecular size that are distributed throughout some medium. Latexes are formulated into elasticized concrete to minimize stress cracking that is precipitated by concrete expansion and contraction. The application is extremely important for decks on ships, decks in high rise garages, hospital ﬂoors, kitchens, and gym ﬂoors. Latex-modiﬁed concrete provide vibration dampening in the workplace that reduce fatigue to personnel (eg operating rooms) who need to stand for extended periods of time while working. Latex-modiﬁed asphalt and bitumen represent other elasticizers. Latex modiﬁcation not only reduces stress cracking but also provides adhesion for rocks and chip asphalt ﬁllers. The adhesion prevents chips from ﬂying out of the asphalt on highways and breaking windshields. Many states in the United States require latex-modiﬁed asphalt in road construction. All classes of latexes can be used in concrete and asphalt modiﬁcation. Foam. Foam is a continuous open-celled matrix produced from froth or coagulation onto a preformed cellular matrix. Over the years, polychloroprene latexes have been used in nursing homes, in mattresses, in journal boxes, in seagoing vessels, and in cushioning and seating. Properly formulated froth and parts made from polychloroprene latexes are water resistant and have a high degree of ﬂame retardency. The journal box application for locomotive lubricants depends on the oil resistance of polychloroprene to deliver oil from the reservoir to the axle of the train. Polychloroprene suffers from two major disadvantages in foam applications: costs and weight. Both limit full utility of these foams in aircraft applications.
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Two processes have been used to make foams from froth. For thin foams, dry coagulation is an effective procedure. For thicker foams, chemical coagulation, and chemical and heat gelation are used. Quality Management. For major polychloroprene producers the quality management systems are described by the international ISO9001-2000 protocol.



Health, Safety, and Environment Since chloroprene and dichlorobutadiene monomer will undergo runaway reaction, the successful producers of polychloroprene polymers have learned how to safely handle the hazardous monomers and monomer intermediates in large-scale quantities. Monomer synthesis and storages represent the largest concentration of monomers during commercial manufacture. Polymerization, albeit in aqueous media, present safety challenges owing to the presence of free radicals. Prevention of runaway reactions involving these highly reactive monomers involve strict adherence to six fundamental principles for monomer handling: (1) keeping it cold, (2) keeping it free of air and oxygen by storage in a nitrogen atmosphere, (3) keeping it inhibited where possible, (4) keeping it moving, (5) keeping it free of contaminants such as popcorn polymer and iron, and (6) keeping it diluted where possible. Residual monomer remaining after polymerization pose a lesser degree of hazard owing to low concentration and the engineering measures implemented in the workplace to prevent personnel exposure to the monomer. Neoprene liquid dispersions contain less than 0.1% residual chloroprene monomer. The amount of excess caustic in Neoprene polychloroprene liquid dispersions is approximately 0.1%. The liquid dispersions are, however, very basic having pH near 12. While not corrosive in animal tests, eye protection and skin protection are essential in areas where personnel exposure is possible because of possible irritation. Some dry polychloroprene types have been shown to have low oral toxicity rates. Human patch test for several dry types showed no skin reactions (142). The FDA status of Neoprene polychloroprene is described in the literature (143).
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