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Natural and Synthetic Rubbers HARRY L. FISHER PART I-NATURAL
 
 U. S. Industrial Chemicals, Inc., Stamford, Connecticut
 
 RUBBER
 
 business reverses and he and his family suffered great poverty, but he was finally rewarded when in 1839 he made the observation of the "change" which later became known as vulcanization. Sulfur and heat properly applied laid the foundation, and sulfur and heat still form the foundation of the rubber industry. Rubber received its name from the fact that, in the words of Joseph Priestley, it was "excellently adapted to the purpose of wiping from paper the marks of a black lead-pencil." The word, however, is used very loosely, since it is the name not only of the natural raw material but also of the vulcanized products made therefrom. At present it has come to mean also any material with rubber-like properties.
 
 INTRODUCTION
 
 T. .
 
 HE unique properties of rubber have made it an mdlspensable article of commerce. Its resilience, elasticity, and impermeability to water brought it into use even before Columbus discovered America. Later in the early 1800's, crude rubber from South and Central America was being imported into Europe and the United States for the manufacture of raincoats (mackintoshes), play balls, overshoes, bottles, life preservers, and thread for elastic fabrics. In 1834, as much as 540 long tons were received in this country. However, difficulties inherent in the a u d e rubber itself caused much trouble since rubber becomes hard and unyielding in the cold of winter and soft and SOURCES AND PRODUCTION OF NATURAL RUBBER sticky in the high temperatures of summer, and in air Natural rubber occurs as a suspension of tiny partiand sunlight it deteriorates to a resinous mass of cles in the white milk-like fluid known as latex which useless material. The interest in rubber was great is found in the leaves, bark, and roots of a wide variety but it could not withstand such natural hindrances. of trees, shmbs, and vines. Our common milkweed, Then came Charles Goodyear with his indomitable Asclepius syriaca, and the old household rubber plant, pioneer spirit and his dogged determination to make Ficw ehtica, are typical examples of latex-bearing rubber more lasting and therefore more useful. For plants. However, practically all the natural rubber of several years he experimented while he encountered commerce comes from a tree, Hewea brm'liensis, which grows in the Amazon Valley, and since 1876 has been cultivated on the great plantations that are scattered throughout the tropical Far East and certain portions of tropical Asia, Africa, and the Americas. These plantations cover approximately 9,000,000 a c r e s a u area, if all put together, of about the size of the combined states of Massachusetts, Connecticut, and Rbode I s l a n d a n d produce around 1,000,000long tons annually. The corresponding production of rubber from trees growing wild is only about 20,000 long tons. In normal times about half of the orted into the United und 20 cents a pound.
 
 ercial latex is obtained only from the bark of the tree, and this is done by a system ing. A slanting cut is made with ed tool and a channel formed in it to lower end where it is caught in a cup. Every other day a new slice or shaving is removed from the channel by the same instrument and a new IEAB collected. A good tree yields about C O . , L~. ~.r~ chemir.i ~ publixhina- c ~ ~ I - ~P . ~ lot ~ of~ latex , Ounces at each tapping' The latex consists of COMPARISON OP RUBBER PRODUCTION AND WORLD AUTOMOBILE REGISTEAabout 35 per cent of rubber and therefore one TION ~~
 
 tree produces about 6 pounds of dry rubber a year. Since the average tire contains approximately 10 pounds of rubber the annual output of two trees is required for its manufacture. The latex is collected and then coagulated with dilute acetic acid. Latex resembles cow's milk. but latex coagulum consists chiefly of a hydrocarbon while the milk coagulum consists chiefly of protein-like cottage cheese. The rubber coagulum is passed through corrugated steel rolls to squeeze out the serum, which is washed away by running water. The particles of rubber adhere to one another and now form a sheet. Natural rubber comes on the market generally in three forms: pale crepe, a washed and dried product with an appetizing odor; smoked sheet, which is dried in smoke as its name implies and smells like smoked ham; and amber blankets, a reworked product of scrap material and the output of individual farms run by natives. Latex can be preserved by the addition of a small proportion of ammonia, and it can be concentrated by means of a centrifuge or by creaming. In these forms it is shipped for use in the manufacture of rnbber goods diiectl$ from latex.
 
 chemical industries. The discoveries of organic accelerators, of antioxidants, and of the abrasion resistance of compounds reinforced with carbon black, have been of the utmost importance, and these have all been discovered in industrial laboratories.
 
 MILLING CRUDE RUBBER
 
 Crude rubber is very tough and ordinarily must be worked on a mill before the necessary compounding ingredients can be mixed into it. Milling rubber causes it to become soft and plastic, and then all kinds of ingredients-powders, abrasives, rnbber substitute, oils, waxes--can be mixed in. In all cases, except with solvents, rubber remains the outer phase; i. e., the rubber surrounds the suspended matter, rather than vice versa. Milling of rubber is accompanied by the action of a very small amount of oxygen, so small, in fact, that i t is difficult to determine it. In the complete absence of oxygen, no "breakdown" is noticeable. The first sight of broken-down rubber makes one wonder how i t can ever be converted into uieful products, but vulcanization under the proper conditions performs this apparent miracle. Much breakdown is required for some purposes, especially for the extruding of tubes, but generally the breakdown is not made any greater than necessary for the object in mind, since the greater the breakdown, the lower are the final physical properties. In the manufacture of articles from latex in which the rubber is not broken down, the physical properties are very high. RESULTS OF RESEARCH
 
 Knowledge of the chemistry and physics of rubber was meager until after the turn of the century. The increase in the use of rubber for tires and tubes gave the impetus for a deeper study of the properties of rubber. Also, the development a t the same time of colloid chemistry was a strong factor in the further study of rubber, since it, too, is a colloid. It is of interest that a great deal of the research work on rubber has been done in the laboratories of the rubber and
 
 PROTECTED RUBBER IS PERMANENT
 
 If rubber is kept away from air and light it does not deteriorate. Rubber products submerged in water last a long time. In certain German lignite mines the workmen are familiar with rubbery fibers known as "monkey hairs." These are now known to consist of fossil vulcanized rubber and are the remains of rubber originally in the twigs of a type of rubber-bearing shrub now found only in Africa. The surrounding lignite contains a small proportion of sulfur and, in the course of thousands of years, the sulfur migrated and caused the formation of prehistoric vulcanizates. VULCANIZATION
 
 Although the use of sulfur as a vulcanizing agent was discovered over a hundred years ago, it is still practically the only vulcanizing agent used. Other agents are known, but their use is very limited. Therefore vulcanization of crnde rubber as discussed in this paper means vulcanization with sulfur. Vulcanization produces definite changes in the rubber. These changes can be defined and frequently measured; yet no good theoretical explanation of vulcanization has been made. Vulcanization enhances the elastic properties of crnde rubber and extends them over a wider range of temperatures. Vulcanized rubber is strong, elastic and non-sticky a t temperatures even above the boiling point of water, where raw rubber is sticky and weak like putty. At 40' below zero, where raw rubber is hard and non-elastic, vulcanized rubber is still elastic and usable; for example, in airplane tires. Furthermore, vulcanization of rubber decreases its solubility
 
 in common solvents and, what is most important, decreases its "plastic flow" and its permanent "set." Another way of stating the differences between crude and vulcanized rubber is that crude rubber is elastic and thermoplastic, whereas vulcanized rubber is even more elastic but non-thermoplastic. Properly vulcanized rnbber when stretched returns to approxi-
 
 have many desirable properties not obtainable by sulfur alone. The proportions used are very low, only 0.5-1.5 parts to 100 parts of rubber. Some of them allow vulcanization to take place a t lower temperatures than those ordinarily used, even a t room temperature. By the use of these ultra-accelerators the proportion of sulfur can be reduced to as low as 0.5 part to 100 of rubber, and this reduction is often an advantage, since low-sulfur stocks usually have high resilience and show very good resistance to aging and the action of heat. Certain ultra-accelerators, the thiuram &sulfides, are of special interest, since they vulcanize rubber without the addition of any elemental sulfur. An example is tetramethylthiuram disulfide, (CHs)2NCS.SS.CSN(CH~)~.
 
 The most important accelerator is mercaptobenzothiazole ("Captax"). Others are dibenzthiazyl disulfide ("Altax"), diphenylguanidine ("DPG), and condensation products of aniline and aliphatic aldehydes. .. COMPOUNDING RUBBER
 
 Rubber is practically always used in the compounded vulcanized state. Unvulcauized rubber is used only in cements, as crepe rubber soles for shoes, and in a few other minor instances. To make rubber of commercial value, it must be mixed with the proper compounding ingredients and then vulcanized. The choice of the proper ingredients and the proper combination and proportions of ingredients makes possible the infinite Deiuo~~rrc S~LPUR Dendritic sulfur in masticated pale crepe after standing two days
 
 mately its original position, and the same piece can be stretched time and again with the same results. During vulcanization it is known that the sulfur combines chemically with the rubber hydrocarbon, but this chemical combination does not explain all that takes place. Furthermore, the rate of chemical combination of sulfur has never been explained fully, since the curve of the rate of addition versus time is a straight line function, and the law of mass action seems to have no effect. The proportion of chemically combined sulfw to give soft vulcanized rubber may vary from approximately 0.5 to 5 per cent. Rubber with 32 per cent of sulfur chemically combined has all its double bonds saturated, and such a vulcanizate is hard rubber or ebonite. The types of compounding, the use of different accelerators, and diierent temperatures, all affect the type of final product. Generally, the practical precedes the theoretical, and this statement is well borne out in the field of rnbber. ACCELERATORS
 
 Accelerators, as the name implies, speed up vulcanization. However, not only do they reduce the time of vulcanization anH thus allow more rapid turnover of molding equipment, but they also give products that
 
 courtcry of Bell Tclcpkonr Lobnroiorias
 
 REOMBIC SULFUR Dendritic sulfur transformed to rhombic sulfur in masticated pale crepe after standing for 14 days
 
 variety of uses of rubber products. Besides sulfur, accelerators and antioxidants, many other substances are incorporated into rnbber to give the required properties. Carbon black is used, as already mentioned, as the chief reinforcing agent for resistance to abrasion. It also helps to give high tensile strength, h i ~ h resistance to tear. and stiffness. The semi---o
 
 reinforcing blacks also give high tensile strength, good resistance to tear, and fair resistance to abrasion, along with softness and pliability. Zinc oxide, magnesium carbonate, blanc fixe, and certain clays act somewhat like the semi-reinforcing blacks, although tensile strength and resistance to tear are generally lower when some of them, especially clays, are used. Inert fillers such as whiting, infusorial earth, some clays, barytes, and slate flour are used to give body or weight, when high tensile strength and resistance to abrasion are not necessary. Oils, waxes, tars, and mineral rubbers (gilsonite, etc.) are used as softening agents. TRANSPARENTRUBBER
 
 A good grade of crude rubber is transparent, but ordinary vulcanized rubber is not. By using a low proportion of sulfur and by proper choice of accelerators to avoid the later formation of crystalline masses, and by using a basic magnesium carbonate with a refractive index close to that of rubber, it is possible to produce sheets of well-vulcanized rubber that are permanently transparent. MOLDING
 
 Practically all rubber articles are molded. For molding i t is necessary to build up rubber compounds with the proper ingredients, in order that the final product will be of the desired quality and dimensions. The work of the compounder, who plans the compound for a definite purpose, is very important. It is he who outlines what must be mixed into rubber in order that such small objects as plungers for hypodermic needles, and such large objects as great airplane tires, will be properly vulcanized and do the work required of them. A mistake is costly, for once the object is vulcanized it cannot be taken apart and done over again; in other words, vulcanized rubber has never been devulcanized.
 
 However, compounds cured a t lower temperatures usually have better physical properties than those cured a t higher temperatures. Certain accelerators can be used a t lower temperatures, about 130°C. (25 lbs. per sq. in. steam pressure), and fortunately these accelerators give sustained properties, even though the stock is cured for a rather long period of time. In other words, they have a tendency to prevent overturing, and thus they give so-called "tabletop" cures. The accompanying diagram illustrates this point. The importance of this type of cure is seen in the vulcanization of tires, the outside of which although actually heated longer a t the vulcanizing temperature, is not overcured, while the inside layers during the same time are properly cured. Furthermore, for this same reason, it is now possible to cure heavy slabs or large sections of rubber, even though rubber is a poor conductor of heat and the outside is heated for a long period. Since rubber has low thermal conductivity and since vulcanization is an exothermic reaction, when a large or thick object is being vulcanized the temperature must be raised slowly and later lowered slowly over an extended period of time. BLOOM
 
 Sulfur is soluble in both raw and vulcanized rubber. If the amount of uncombined sulfur in a vulcanizate is greater than its solubility the excess crystallizes throughout the mass and on the surface where i t forms a gray finely crystalline powder known as "bloom." Bloom does no special harm, but it is unsightly. Therefore, the amount of sulfur and the conditions of cure
 
 OPTIMUM CURE
 
 Properly vulcanized rubber, that is, rubber which has the "best" properties, is said to have the "optimum cure." Such a cure is difficult to define, but it ordinarily has the highest tensile strength obtainable with the compound being studied, has good elongation, low permanent set, and good tear resistance. An "undercured" stock, obtained by heating for a shorter time or a t a lower temperature, has a low tensile strength, a high elongation, is more soluble than the stock with the optimum cure, shows poor aging, and in general is "sleazy." An "overcured" stock, obtained by a longer time of heating or a t a higher temperature, may also have a low tensile strength, is "short" (that is, has low stretch), usually tears easily, and generally is rather hard and harsh. As a rule, the stock with the optimum cure gives the best service, including good aging. TABLE-TOP CURES For many years compounds were generally cured a t 141"to 147°C. (40 to 50 Ibs. per sq. in. steam pressure).
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 PROGRESSIVE CHANGES IN TENSILE S T R E N G ~O*. d NATURAI. RUBBERCOMPOUND w1m TIHEo*. CURE Samples obtained at 15 to 20 minutes are soft vulcanized rubber with an optimum cure. They are highly elastic, and contain about three per cent of chemically combined sulfur. Samples taken at 30 to 60 minutes are still soft, but weak and "short," and generally worthless. As the time progresses, the vulcanizates become less elastic and finally hard and strong. (The recipe is not a comrnercisl one except for hard rubber. For soft rubber only about three per cent of sulfur is used.)' ' S ~ P A R D"Symposium , on rubber, Regional meeting,'' A m Soc. Tesling Malerials, March, 1932, p. 32.
 
 are adjusted in such a manner that most of the sulfur will be "driven home," and thus avoid the formation of bloom. The use of modern accelerators and careful compounding make this possible. PROTECTION AGAWST AGING
 
 Oxygen and ozone in the air are probably the greatest enemies of rubber, and the use of antioxidants is a t present the only known method to combat their action. The conditions under which the rubber is used have much to do with the rate of its deterioration. For
 
 speed trucks now run a t much higher temperatures than formerly. Sun cracking or sun checking is still a major problem which has not been solved completely. Sunlight and ultra-violet light produce a hardening of the surface of rubber goods and the hardening is followed by the cracking of the surface. The action is complex and probably consists of some form of polymerization, auto-oxidation and oxidation with ozone, and also overvulcanization from the absorbed heat. Black compounds are affected more rapidly than lightcolored compounds. Sulfur bloom on the surface is somewhat beneficial, but the surface bloom of cry& tals of hydrocarbon waxes used in the original compounding affords the greatest protection. ANTIOXIDANTS
 
 Antioxidants protect vulcanized rubber against aging, as discussed above, and, furthermore, they increase its resistance to flexing and to the action of heat, and give other properties of value in the mixing of rubber compounds and in the fabrication of rubber goods. Antioxidants do not act as accelerators and can therefore be included in a rubber compound with them. It happens that some accelerators are also very good antioxidants and can be used for double duty. Antioxidants are used in the same proportion as accelerators, about 1part to 100 parts of rubber. The most useful antioxidants are secondary aromatic amines, and condensation products of aliphatic aldehydes or ketones with aromatic amines. Examples are phenyl-P-naphthylamine ("Neozone D" and "Age-rite Powder"), N,N1-di-P-naphthyl-p-phenylenediamine ("Age-rite White"), and a condensation ~ r o d u c of t acetaldehyde and aniline ("VGB"), and of 01 I I I I I I I I I Hcetone and diphenyiamine ("BLE"). ' 0 10 2 0 30 4 0 50 60 70 80 90 100 Accelerated aging tests have been devised for preTIME OF CURE: MINUTES AT 287T dicting the life of rubber goods. They consist of heatcourrcsv of Chcnricol Publishing company, Inc. ing strips of the sample in air or oxygen in ovens mainTENSILESTRENGTH-TIME OI. CURK CURVES tained a t definite temperatures for different periods A. The desirable type of flat-curing, "table top" tensile time. determining the strengths and strength curve. B. The undesirable type of tensile strength cum. comparing these it is possible to predict how well and how-long the sample will last. example, rubber that is kept slightly stretched, a t an CHEMICAL PROPERTIES elongation of 5 to 20 per cent, will for some unknown reason deteriorate much more rapidly than the same The rubber hydrocarbon is unsaturated and contains rubber a t rest or a t higher elongations. It is well one double bond for each CsHs group. Unsaturation known that the portion of a rubber tube that is generally means that the substance is very reactive stretched over a nipple rapidly hardens and cracks. chemically, but this activity is considerably decreased Therefore, rubber used in a bent position, like the edge in substances of very high molecular weight. Both of a stair tread or an automobile running board, is raw and vulcanized rubber have very high molecular molded in its final shape in order to avoid the rapid weights and are surprisingly inactive toward many deterioration which would otherwise occur under the strong chemical agents. Concentrated hydrochloric acid acts very slowly slight stress in its bent position. High temperatures also increase the rate of dete- but gradually forms a layer of a hard hydrochloride, rioration, and special compounding is employed to while the portion inside retains its characteristic rubber produce compositions that will withstand them. Much properties. Fifty per cent sulfuric acid shows no has been learned in recent years about heat-resisting apparent action, although acid of higher concentration stocks, because tires and inner tubes on buses and high- slowly destroys rubber. Tank cars are lined with
 
 rubber for shipment of many corrosive chemicals. Since hard rubber is already chemically saturated with sulfur, i t withstands the corrosive action of chemicals to a much greater degree than soft rubber. CHEMICAL DERIVATIVES
 
 The chemical unsaturation of rubber is taken advantage of in the preparation of several commercially useful products. Oxidation products in which a comparatively small proportion of oxygen is combined with the rubber hydrocarbon are used as adhesives and in paints. Chlorinated rubber, which contains about 66 per cent of chlorine and is both an addition and a substitution product, finds application in corrosion-resisting paints because of its stability toward strong acids and their fumes. Rubber hydrochloride (Pliofilm) can be produced in thin transparent sheets which are useful for packaging and for making raincoats. RUBBER AND COTTON
 
 There are many cases in which the unique "stretchability" of rubber is not needed, but its resiliency, resistance to abrasion, and impexmeability to moisture are needed. In such cases the rnbher is supported with cotton fabric. Ties, boots and shoes, tarpaulins, gaskets, diaphragms, hose, and belting are familiar products containing a cotton framework. The cotton imbedded in the rubber, where i t is free from the action of air and moisture, has long life and thus can serve its purpose well.
 
 pirical formula is (C5Hs),, and its structure is best CH3 Since the represented as (-CH2. c : CH .CHI-),. CH3 hydrocarbon isoprene, CHI: C. CH :CH2, can be obtained from it by heat decomposition, and since rubberlike products can be prepared by heating isoprene in the presence of a catalyst, rnbher is considered to be a polymer of isoprene. These synthetic substances are similar to but not identical with the rubber hydrocarbon, and therefore the statement can be made that rubber itself has never been synthesized. And yet in scientific articles, books, and newspapers, and on the radio the term "synthetic rubber" has been used time and again. The explanation of this apparent anomaly lies in the fact that rubber is now also considered as the name of a type of material instead of only a chemical individual. In this sense, rubbers have been synthesized, and the term, "synthetic rubber" is justified. POLYMERSANDELASTOMERS
 
 Rubber itself and all the synthetic rubbers are ~olvmers:that is, as indicated bv the meaning of the
 
 RECLAIMED RUBBER'
 
 Worn-out rubber goods are reclaimed by processes which re-soften or re-plasticize them. Vulcanized rubber has never been devulcanized but reclaimed rubber can be vulcanized again, or rather further, and thus used for certain purposes where the first qualities of raw rubber are not required. he most important process is treatment of the scrap, from which all metal parts have been removed, with a solution of sodium hydroxide a t a high temperature and pressure to dissolve the fabric and remove the "free" s~&ur,and a t the same time with oils to soften the material. It is then washed, dried, strained, and milled into sheets. Reclaimed rubber contains the original fillers and some of the other ingredients incorporated when the goods were manufactured. That from tires contains about 55 per cent of its weight equivalent to crude rubber. The normal annual production in this country is approximately 200,000 tons. The price varies with the price of crude rubber-from one-quarter to onethird. P.4RT 11-SYNTHETIC RUBBERS STRUCTURE AND SYNTHESIS
 
 The structure of the rubber hydrocarbon is fairly well understood, although not completely. Its em1 Tnrme~~ "Reclaimed , rubber," J. CHEM.EDUC.,19, 420 (1942).
 
 ..
 
 -.
 
 . cuw,rrs af
 
 B. F ~ n o d i i i hCornanny
 
 WASHING RAWSYNTHETIC RUBBER The blocks of raw synthetic rubber, each weighing about 110 pounds, are cut up or broken into small pieces and washed and sheeted on a wash mill. Under heat and pressure moisture is wrung out and the lumpy material is squeezed into thin sheets and then cut to standard size and dried.
 
 term, they are made up of "many parts." Rubber, as stated above, is probably a polymer of isoprene; that is, it consists of the union of a great many molecules of isoprene. Although the laboratory polymerization of isoprene gives a synthetic rubber, it must not be assumed that the rubber tree makes rubber in the same manner, since isoprene has never been found in the rubber tree, and the mechanism of formation of natural rubber is entirely unknown. The word elastomers ("elastic parts") is often used for synthetic rubbers.
 
 Isoprene is somewhat difficult to make and heretofore has not been a commercial chemical, and synthetic rubbers made solely from i t have not been of practical value. However, its chemical parent, 1,3-butadiene CH, :CH .CH :CHe, is made on a large scale and is the basic material for several synthetic rubbers. Butadiene is a conjugated diolefin, since it is an unsaturated hydrocarbon containing two double bonds in alternate or conjugated positions. When an unsaturated substance polymerizes, part of the unsaturation always disappears. The polymers of butadiene are enormous compounds made up of butadiene residues arranged partly end to end in a closed cycle and having chiefly the structure (--€He. CH :CH .CH2-),, or they are similar long "open chain" compounds with an extra double bond a t one end. These polymers may have molecular weights of a t least 100,000, and contain upwards of 1800 butadiene residues. Natural rubber varies in molecular weight from 100,000 to 300,000, and therefore probably contains from approximately 1500 to 4500 isoprene residues.
 
 as an emulsion, and the artificial latex obtained is then coagulated to form neoprene. There are several types of neoprene depending upon the method by which they are prepared and made ready for the market. The reaction product of ethylene dichloride and alkali polysuliides is also obtained as an artificial latex, which is coagulated to give Thiokol. Thiokol latex has larger particles than those just described. Besides ethylene dichloride, other dichlorides are also used, such, for example, as 2,2'-dichloroethyl ether, CICH2CHIOCH~CHZCI, which with sodium tetrasulfide gives Thiokol B; and glycerol dichlorohydrm, CH,ClCH(OH)CHzCl,which gives Vulcaplas, an English product. Koroseal is polyvinyl chloride plasticized with a high proportion of tricresyl phosphate or other plasticizer. Vinyl chloride has the structure CH2:CHCl and can be prepared from ethylene dichloride by the removal of one HCl or from acetylene by the addition of one HCI. Polyvinyl chloride is a white powder with no resemblance to rubber, but when properly plasticized it gives a rubber-like product with many interesting properties.
 
 COMPOSIllON OF SYNTHETIC RUBBERS OR ELASTOMERS
 
 WLCANIZATION OF SYNTHETIC RUBBERS
 
 The synthetic rubbers or elastomers on the market are quite varied in their chemical composition. A few of them are prepared from two separate starting materials which are polymerized in the same operation to form mixed or copolymers. In these copolymers, the two substances are united chemically in the polymeric chain. Butadiene is generally used as one starting material, and a t present the other two materials used commercially are styrene, C&.CH: CHZ, and acrylonitrile, CH2: CH. CN. Butadiene and styrene give a synthetic rubber known as Buna S, and butadiene and acrylonitrile give products called Perbunan or Perbunan extra, depending on the proportion of acrylonitrile. Ameripol, Hycar, and Chemigum are also prepared from butadiene copolymerized with substances whose compositions have not been made public. All of these copolymers contain high proportions of butadiene. Butyl rnbber is a copolymer in which the butadiene, isoprene in this case, is in the low proportion, only about 2 per cent, and an olefin, isobutene, is in the high proportion. The copolymers of butadiene and the polymers of chloroprene are usually prepared in the form of an emulsion in water in the presence of a catalyst. The final product is therefore an artificial latex. These latices contain particles which, on the average, are smaller than those in natural rnbber latex, and are used in the same general manner for impregnating fabric, etc. The solid elastomer is usually obtained by coagulation with a weak acid, just as natural rubber is obtained. The chloroprene for neoprene rubber is prepared by forming a d i of acetylene, namely, vinylacetylene, HC i C.CH:CHe, and adding HC1 to this. A rearrangement takes place to give chloroprene, CH*: CCl. CH: CHe. The chloroprene is also polymerized
 
 As already stated, the commercially available synthetic rubbers vary in their chemical composition, and therefore it is not surprising that their vulcanizing characteristics vary also. The butadiene copolymers are nearest to natural rubber in chemical type and they can be vulcanized with sulfur, zinc oxide, and accelerators more or less as natural rnbber is vulcanized. Neoprene is also structurally similar to natural rubber, but it has a chlorine in place of a methyl group, and this makes a difference in its vulcanization. Neoprene can be wlcanized with sulfur, but the sulfur is not really necessary, since vulcanization can be effected by beat alone. It is probable that a trace of oxygen is required and the small amount necessary is no doubt always present dissolved in the material. Butyl rubber is vulcanized l i e the other butadiene derivatives, with sulfur, zinc oxide, and an accelerator. The Thiokols require a metallic oxide like zinc oxide, and sulfur acts as an accelerator! Polyisobutene or Vistanex is not vulcanizable. It softens with heat and can be molded or mixed with rnbber, but it remains a thermoplastic material. Plasticized polyvinyl chloride or Koroseal is also a thermoplastic material and cannot be wlcanized. It retains its shape and properties so long as i t is not used above 75OC. The butadiene rubbers can also be converted into hard rubbers, just as natural rubber, by the use of a large proportion of sulfur. These hard rubbers have higher softening temperatures and less cold flow than those from natural rnbber. Neoprene has never been converted into a hard rubber type, and since Vistanex, Thiokol, and Koroseal are not vulcanized with sulfur they are not converted into hard rubbers. Mixtures of Neoprene, Vistanex, or Thiokol with natural rubber and high sulfur give hard rubbers that are flexible.
 
 BUTADIENE POLYMERS
 
 rubber compounds, so other properties may soon be Although, in general, regular rubber mills and other "taken over" and surpass those of natural rubber machinery can be used with the synthetic elastomers, compounds. Synthetic rubbers are too new to hazard they cannot be handled the same as natural rubber. predictions about them. However it must be reThey are more resistant to air oxidation, and therefore membered that natural rubber is cheap and available the oxygen of the air does not cause the same break- under normal conditions, that much more is known down. Also temperature effects and softening effects about using it than the synthetic rubbers, and that with solvents are very d'fferent than with natural continued work is constantly improving its compounds. rubber. Lower temperabxes and lower speed ratios A synthetic rubber cannot be substituted directly for of mill rolls, and smaller batches are generally re- natural rubber in a specifically designed compound, but its own characteristics should be considered and quired. used to their full advantage for the desired application. PROCESSING
 
 COMPOUNDING
 
 Carbon black and the semi-reinforcingblacks are the most important compounding ingredients for the synthetic rubbers. Without these blacks the compounder would have considerable difficulty. This statement does not mean that good serviceable compounds cannot be made without the blacks, but the compounds with optimum physical properties are made with them. Carbon black gives compounds with high tensile strength, and good abrasion and tear resistance. Although the general principles used in compounding natural rubber are amlicable to the synthetic rubbers. each syntbetic rubber requires special treatments to produce the best results. Besides the milling already discussed, compounding differs somewhat to give proper handling on the calenders and in the extruders, proper "tack" for building-up operations, resistance to heat and abrasion, and other desirable properties. Softeners are used to a greater extent withsynthetic rubbers than with natural rubber, since the synthetic rubbers are tougher than natural rubber. Since synthetic rubbers show much better resistance to aging than natural rubber, it is not always necessary to use antioxidants for this purpose. However, the synthetic rubbers have a tendency to continue to polymerize in storage, and antioxidants have been found to act as retarders of polymerization. The butadiene copolymers and neoprene generally contain upwards of 2 per cent of an antioxidant, phenyl-8napbthylamine. In heat-resistant compounds it is necessary to add more of the antioxidant incorporated originally in the stock, or to add another antioxidant to further retard the polymerization and prevent hardening. & .
 
 PROPERTIES AND APPLICATIONS OF SYNTHETIC R W B E R S
 
 In tensile strength, stretchability and speed of comeback, resilience, and lowness of permanent set, natural rubber is still king of the rubbers, but for good aging and for resistance to abrasion, to sunlight, to the action of oils, fats, and solvents, to the coronal discharge, and to the diffusion of gases, the synthetic rubbers have already wrested the crown from natural rubber, and in these fields a t present stand supreme. Improvements in synthetic rubbers are being made rapidly, and just as the tensile strength and resistance to abrasion have become superior in some syntbetic
 
 Polymerization is the chemical term describing the process which combines many small molecules to form complex molecular units, like the joining of links to form a chain. The butadiene and other ingredient; which go into the production of synthetic rubber are polymerized inlarge steel vessels in which they are agitated and emulsified in a soap solution under pressure. The Drocess results in the creation of a material with a molecular &ucture similar to that of natural rubber.
 
 Buna S is used for tire treads, since i t shows extraordinary resistance to abrasion. Chemigum and Ameripol or Hycar OR also show very good resistance to abrasion and are also used for tire treads. Natural rubber is more resilient than synthetic rubbers, and tires madeof natural rubber show a lower build-up of heat under rapid deformation. Technically speaking, natural rnbber compounds show the lowest energy loss due to hysteresis. As tires bound over the road the rubber becomes hot. However, although synthetic rubbers become hotter they withstand the action of heat better and therefore synthetic rubbers are being used advantageously and extensively on buses and trucks. Thiokol A is not so good for abrasion resistance, but it is the outstanding synthetic rubber for resistance to swelling in oils and fats. Hycar OR (the OR stands for "oil resistant"), certain varieties of Chemigum, Neoprene, Butyl and Koroseal resist swelling in different types of solvent. Also they show excellent re-
 
 sistance to the action of the coronal ,discharge, to the diusion of gases, to the action of corrosive chemicals, and to flex-cracking. Because of these properties they have found use in places where natural rubber compounds were unsatisfactory or often could not be used a t all. A few examples of their use where natural rubber cannot be used are: as linings for airplane gasoline tanks, for equipment in deep oil well drilling, in printing rolls for the new quick-drying inks, for conveyor belts for oil-treated coal, in power cables in mines and on ships and airplanes where it is essential that materials be used that are unaffected by oils and do not propagate fire, and for tubing and diaphragms for handling chlorine gas, ozone, and sulfur chloride. The success of airplane deicers depends upon the Neoprene veneer which protects the underlying rubber from deterioration in sunlight. Many other examples could be given but these are enough to show how the new synthetic rubbers are finding places all their own, and under normal conditions are able to compete with natural rubber entirely on a quality basis.
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