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 Natural and Synthetic Rubbers NOR3I.iN BEKKEDhHL Ih-ational Bureau of Standards, Washington, D . C .
 
 T
 
 HIS is the fifth of a series of annual review articles in this
 
 journal on analytical methods pertaining to natural and synthetic rubbers. The first review (17) covered only chemical methods, but the second ( I k ) , third ( 1 5 ) , and fourth (16) also included physical testing. The present review likewise covers both chemical and physical testing, and refers t o articles appearing in the journals for the year ending about October 1952. Like the previous reviews, it omits test methods applied t o compounding ingredients, except for their identification or quantitative determination in rubber. It also omits tests on materials used in the manufacture of synthetic rubbers. It does not refer to procedures which are more concerned with problems of a fundamental nature than with testing, unless they employ unique apparatus or techniques which seem likely to prove of value in testing. Old procedures employed this past year for either research or testing are not referred to unless they have been modified or improved. KOreference is made to the patent literature. This review is restricted to procedures -which have already been actually applied to rubber. Testing procedures described in previous reviews on the basis of abstracts only are referred t o again when the complete papers have appeared in the literature. GEVERAL INFORbI4TION
 
 Symposia and Surveys. A number of symposia and technical meetings on rubber featured by interesting papers have been held during the last year. ilbstracts of these papers are usually printed in the rubber trade journals. T ~ v osymposia were held in Delft, Holland, in connection B ith the inauguration of a new building a t the Rubber Stichting. The first of these was on “Progress in IndustrialRubber Research”
 
 ( I I G , 6.59, 265) and the second on ”Abrasion and K e a r ” (132, 135, 242). A symposium of the Institution of the Rubber Industry was held in Birmingham, England, on “New Testing Techniques” (295), and one in London on “Modern Methods of Studying Rubber Properties” (294j. h symposium on “Recent Developments in the Evaluation of Saturn1 Rubber’’ (139, 250! 264) n-as held in S e w York City under the auspices of Committee D-11 of the American Society for Testing Rlaterials. All papers presented a t this meeting are to be published soon in a special t,echnical bulletin of the ASTBI. h three-day symposium on “Latex” ( 1 4 8 )was held at the Rubber Research Institute of M a l a y in Kuala Lumpur, the papers of which were reviewed by Cockbain ( 4 7 ) . A great many of the papers presented a t it series of symposia on rubber a t a meeting of the AMERICAX CHEMICAL SOCIETYhave appeared in a single issue of Industrial a n d Engineering Chemistry ( 1 4 6 ) . Abstracts have been published of papers presented a t meetings of the DiviCHEMICAL SOCIETY sion of Rubber Chemistry of the .IMERICAX a t Cincinnati (138, 247) and a t Buffalo (144, 261). The Rubber Chemistry Division of t>heCheniicltl Institute of Canada held a meeting in Montreal (140, :?a?). Technical Committee 45 (Rubber) of the International Organization for Standardization held its 1951 meeting in Oxford, England ($51, 278). The accomplishments of this meeting together with those of the three previous meetings have been reviewed by Brazier ( 3 5 ) . The Division of High-Polymer Physics of the American Physical S0ciet.y held a meeting in Columbus (249). The excellent abstract journal issued by the Research Association of Brit,ish Rubber 1Ianufacturers has changed its name from S i i m m a r y of Cicwenf Littrature to Rubber Abstracts. It continues to use the same Daason system of classification of
 
 V O L U M E 25, N O . 1, J A N U A R Y 1 9 5 3 the rubber literature. Its closely associated journal. Journal of Rubber Research, however, was discontinued with t h r December 1951 issue. Review articles on “Methods of Control Testing in the Rubber Industry” ( 8 ) were prepared by several authors on various subjects, such as Boucher (26) on latex testing, Lapadu-Hargues (169) on the application of statistical methods to testing procedures, Demarche (60) on tire testing, Lem6e (171), Kalter (298), and Coinon (49) on the more common standard testing methods, and finally Duval (74) on the need for standardization in the testing of latex, ran rubber, vulcanized rubber, and finished products. The Institution of the Rubber Industry (68) has issued its ‘.Annual Report on the Progress of Rubber Technology” for the year 1951, nhich is made up of selected reviems nritten by experts in the various fields of rubber technology, including physical and chemical testing of rubber arid late\. The Division of Rubber Chemistry of the ~ ~ M E R I C A SCHEWCALSOCIETY, under the editorship of Lerner ( 1i J ) , released the seventh edition of “Bibliography of Rubber Literature” n-hich covers the years 1944 and 1945. The publishers elprct to accelerate the program of these releases, and have the bibliogrdphy brought up to date nithin the next two or three years. Kreuter (163) continued his long series of revien- articles on testing methods used in the iubbci industry. Boonstra (25) reviewed and defined a nuiiibei of mec.hanica1 tests and shoned the relationships betv een them. Drogiri ( 6 9 ) discussed some of the newer and improved testing equipment and techniques employed in compounding research. I n a srries of review articles on the subject of chemical engineering materials for construction purposes Fisher (83) covered the general field of elastomers, and Peters (218) surveyed that of hard rubber. Gehman (101) gave a brief review of applications of physics in the rubber industry for 1951, in which he included subjects such as abrasion resistance and dynamic properties. Braber ( S I ) discussed methods of conditioning test pieces for mechanical examination, accelrrated aging, and dynamic testing. Reinsmith and Kahn 1231) reported that if rubber goods are to be suitable for ordnance vehicles they must give satisfactorr service a t temperatures brtween -65” F. (-54” C.) and 160” F. (71’ C.) and be resibtant to fuels, lubricants, ozone, and outdoor exposure. Measuring hiid testing equipment used in the rubber industries 11hich have been on general exhibit in Germany are described in the literature (152, 153, 226). A book on “Rubber Technolog\-,” editrd by LIodkee and JYake (196), includes lectures held a t a summer school under the auspices of the Research A4ssociationof British Rubber l l a n u facturers. One of the chapters deals mith the latest in test methods and apparatus, and another with new aging tests. .4n Italian book, “La Gomnia Elastica. Chimica e Tetnologi:i,” by Piantanida (221) covers the whole field of rubber technology, and includes chemical analysis and physical testing of rubber, reclaim, factice, various types of synthetic rubber, and ebonite. Soble (612) has brought out the second edition of “Latex i n Industry.” Seaman and Alerrill(279) have conipiled a book on “Alachinery and Equipment for Rubber and Plastics,” v,-hich gives inforination on primary machines and equipment. -4 second volume, non- in preparation, will deal with auxiliary equipment and accessories. new issue of the Rubber Red Book (172) n o x includes a separate section for locating sources of supply for laboratory and testing equipment. Lunn (202) and coworkers have compiled in book form their papers on mill designs as related t o safety of operators. The size of the operator should be taken into consideration in designing the machines. Heide ( I & ) , in his new book on “Industrial Process Control by Statistical Methods,” demonstrates how to tell the reliability of test results. International standardization has been the subject of a paper by Brazier (35). He gives the picture of the work undertaken
 
 55 with the object of reaching world-aide agreement on methods of rubber testing and of establishing internationally accepted standards for some of the more important rubber products. He gives the background of the structure of the International Organization for Standardization (IOS), and reviews the work accomplished a t the four meetings of its Technical Committee No. 45 on Rubber from 1948 to 1951. The achievements of the fourth meeting in Oxford, England, in October 1951 have been described (251, 278). Five test methods were accepted as final draft IOS proposals. Martin (191) described the latex discussions held a t this same meeting. The British Standards Institution (BSI) is issuing its bulletin on methods of testing ram- rubber and unvulcanized compounded rubber in four parts. Part I on sampling ( 3 7 ) and Part I11 on methods of physical testing (58)have already been released. Part I1 on methods of chemical analysis is in preparation. The BSI has also issued a bulletin on methods of mixing and vulcanizing rubber test compounds ( 8 6 ) . The German Standards Institution (Deutscher Nornienausschuss) has issued standards on determination of softness of soft rubbers (62) and determination of specific gravity of soft rubbers (63). The French Standards Institution (A4ssociationfranCaise de Kormalisation) has issued bulletins on determination of solids content in latex (6) and on test for rubber by immersion in organic liquids ( 7 ) . The Reconstruction Finance Corp. (289) revised its “Specifications for Government Synthetic Rubbers.” CHEMICAL ANALYSIS
 
 The determination of the rubber hydrocarbon of natural rubber by the method of bromination has been modified and improved by Gowans and Clark (111) so as to make the conversion factor for the rubber bromide to the rubber hydrocarbon closer to the theoretical value. Linnig and coworkers ( 1 7 5 )presented a scheme for the analysis of the gross chemical constituents of uncompounded GR-S synthetic rubber using a single weighed sample. The whole analytical procedure is less time-consuming than the extraction and other specification procedures, but unfortunately cannot be used for compounded GR-S or for GR-S containing gel. Maron, Ulevitch, and Elder (189) utilized conductometric titration procedures for the analysis of soap, acid, and alkali in GR-S latices. In order t o express on a percentage basis the soap and acid contents of synthetic rubber latices prepared with various rosin soaps, Maron, Rfadow, and Borneman (186) determined the effective equivalent weights of these acids and soaps. The quantitative determination of dirt in rubber has been the subject of investigation by Heinisch and van der Bie (125, 127, 128) and by Stock and coworkers (288). A11 agree that the “harmful dirt” is that portion of the “insolubles” which does not pass through a 325-mesh screen For measuring “total dirt” a filter paper is used instead of the screen. The methods used a t the Rubber Research Institute of Malaya for the determination of the inorganic constituents of Hevea latex were described by Drake (66). He stressed that gentle ignition is necessary where analysis is to be made for metallic compounds. Poulton (826)applied the polarograph to the determination of zinc, cadmium, and free sulfur. He also described and illustrated an improved apparatus for the determination of total sulfur. Frey (97) gave the procedures which he used for the determination of individual mineral fillers in rubber mixtures, and included a discussion of ashing temperatures. From the residue of ignited vulcanized rubber, zinc may be determined gravimetrically as anthranilate, and magnesium determined colorimetrically in the filtrate using thiazole yellow (88). This determination may be conducted quickly, even in the presence of calcium. Another paper (93) described the titration of zinc with calcium hexacyanoferrate. Frey (89) also determined calcium in vulcanized rubber by precipitation as the oleate, which is kept in suspension by Dupon-PC. The resulting turbidity is
 
 56 measured by means of a photoelectric colorimeter. If less magnesium than calcium is present in the rubber, the calcium may be determined by titration to maximum turbidity by ammonium oxalate solution, and the turbidity measured in a colorimeter (95). For the quantitative determination of copper in rubber Milliken (195) described a method in which the organic matter is first destroyed by dry-ashing. The copper carbamate complex is extracted in carbon tetrachloride solution and measured colorimrtrically either by means of NessIer tubes or by a photoelectric photometer. Results are believed to be as reliable as those obtained by the longer wet-oxidation method of the American Society for Testing Materials. Van der Bie (19) also determined copper colorimetrically as the carbamate complex, but first separated the copper from the iron and zinc either by precipitation as the sulfide or by microelectrolysis. Martens and Githens (190) employed the colorimetric method with zinc dibenzyldithiocarbamate, and extracted the copper from the acid solution by means of carbon tetrachloride. An improved quartz tube combustion apparatus has been made by Peters, Rounds, and Agazzi (217) for the determination of sulfur and halogens covering a wide range of concentration. Resnik (233) described a method requiring only 30 to 35 minutes for the microdetermination of sulfur in vulcanized rubber. I t involves the melting of the rubber with metallic potassium. Hydrogen sulfide is liberated and absorbed in a potassium hydroxide solution; and after the addition of potassium iodate, potassium iodide, and hydrochloric acid, the solution is titrated with sodium thiosulfate. Frey (90) described a procedure for the determination of total sulfur in vulcanized rubber, in which the sulfate ion is precipitated with benzidine and determined by titration with sodium hydroxide solution. The method can be used for mixtures containing ferric and chromic oxide pigments. The author claims that the method is quicker and more certain t h m the usual barium sulfate gravimetric procedure. Frey (91, 94) also described methods for the determination of combined sulfur, total sulfur, or free sulfur in vulcanized rubber, in rrliich the sulfate is titrated photometrically with barium chloritic: solution to the point of maximum turbidity. Pande and R;tmakrishnan (213) gave a volumetric procedure for the determination of free sulfur present after vulcanization of a dispersion of rubber and sulfur in a hydrocarbon solvent. Thinius (291) gave a good review of older methods for determining chlorine in chlorine-containing high polymers, and then presented an improved method. Koide and coworkers (160) made a critical review of the determination of free carbon in vulcanized rubber by Louth's nitric acid method. It was concluded that if the carbon content is low the errors inherent in the method are negligible, but If the carbon content is high the errors may become of significant magnitude. Grosse and Kirshenbaum (113) described a method for the direct determination of oxygen in organic compounds by elementary isotopic analysis. For the determination of acrylonitrile in a polymer Bird and Hale ( 2 0 ) devised a polarographic procedure which does not measure other nitriles that map be present. The analysis requires only about 15 minutes. Frey (96) found a more sensitive test for tetramethyl thiuram disulfide in rubber mixtures. I n the presence of a p-phenyldiamine derivative the addition of aqueous copper sulfate solution to a solution of rubber in acetone gives a black coloration with the tetramethyl thiuram disulfide, which changes to red on dilution. Kulberg, Blokh, and Golubkova (166)applied the system of drop analysis to the detection i n rubber mixtures of components such as mercaptobenzothiazole, tetramethyl thiuram disulfide, diphenylguanidine, sulfur, zinc oxide, magnesium oxide, and carbonates. Burmistrov (41 ) described tests for the qualitative detection of phenyl-2-naphthylamine, mercaptobenzothiazole, and free aniline resulting from decomposition of diazoamincbenzene or diphenylguanidine. Koide and coworkers (159, 161) produced color reactions to identify methylamine antioxidants,
 
 ANALYTICAL CHEMISTRY the principles of which are based on the fact that diazonium salts react with amines to form azo dyes which give intense colors. Davison (58) noted that infrared spectroscopy is becoming increasingly used as B tool in all branches of chemical technology, and lists some applications of its use in the field of rubber. Rostler and White (236, I37) proposed codes of symbols and specifications for petroleum products used as plasticizing agents for rubber. The specifications are based on chemical properties readily measured in the laboratory. Kurtz and Martin (167, 168) have also presented a scheme for the identifying these oils. Because of shortcomings in the stress-strain method for classifying Butyl rubber with respect to modulus, Currie (65) recommended a chemical method for determining unsaturation, which correlates well with the stress-strain properties. Frey (92) has in press a 100-page book on methods for the chemical analysis of rubber compounds. AGING AND DETERIORATION
 
 A weathering machine designed by Cooper and Kersker ( 5 2 ) is said t o be able to simulate any single condition or combination of conditions which rubber may encounter in service. It can expose rubber strips to controlled test conditions under both static and dynamic elongations. The ozone concentration, temperature, relative humidity, and simulated sunlight can be controlled within narrow limits over a wide range of conditions. -4new apparatus has been designed a t the Rubber-Stichting (267) for the study of the velocity constants of chemical relaxation and aging of rubber. Gowans (110) confimed the advantages of using the oxygen absorption technique for accelerated aging tests as a rapid means for predicting how a given crude rubber stock will behave during storage. There was needed, however, a special method for the preparation of samples of unvulcanized rubber because of sample flow. To overcome this flow the author made use of a stainless steel envelope for the specimen. Shelton and Cox (282) studied the effects of partial pressure of oxygen on the rate of oxygen absorption and also on the change in physical properties of rubber during oxidation. They found that different partial pressures of oxygen produce different types of aging, lower concentrations favoring cross linking of molecules and thus greater stiffening of the rubber. Kirshenbaum, Streng, and Nellen (157) applied the method of determination of oxygen by the isotopic method to the problem of aging of rubber. The method has the fundamental advantage that quantitative results are obtained without quantitative separation or recovery of any oxygen or oxygen-containing compounds. Eccher and Oberto (75) present details of two aging ovens which are claimed to have advantages over the conventional ones Both are cylindrical in shape. One of them is heated and controlled electrically, while the other is heated by the vapors of a suitable liquid in a jacket surrounding the oven The air in the former oven is circulated by means of a fan, that in the latter bv convection, Experiments show that antioxidants are more likely to be conveyed from one vulcanized rubber sample to another in an oven where the air circulation is greater. T o overcome this migration of volatile components the Institut Frangaise du Caoutchouc (234) designed a unit of six small (350-cc.) bombs for conducting aging tests. These bombs are loaded and discharged by remote control. Gillman and Haines (103)claim they have a method for studying oxidation and aging of elastomers which will extend the present frontiers on the subject, They submerge the rubber samples in water in a heated autoclave; and under specified conditions of oxygen concentration and temperature a period of 3 hours in the water bomb is equivalent to about 192 hours in the conventional oxygen bomb. The Firestone Tire and Rubber Co. (141,257) designed a tester, called a Rubberscope, which quickly reveals contamination and
 
 V O L U M E 2 5 , NO. 1, J A N U A R Y 1 9 5 3 deterioration in natural rubber. It employs infrared rays and temperatures up to 280” F. (138”C.). With excessive copper or manganese present, the rubber gives evidence of liquefaction within 10 minutes. The machine is portable and could be used by inspectors a t the docks where the rubber is received. Heinisch (126) found the apparatus valuable not only for detecting harmful metals in rubber but also for indicating whether or not the rubber has been coagulated with an excess of sulfuric acid. The aging of rubber by ozone has received considerable study recently. I n a n article by Regener (250) a review is given of work done on ozone in the terrestrial atmosphere, followed by the author’s own research on the distribution of ozone in the vicinity of the ground as a function of temperature and wind conditions and also on the distribution of ozone a t various altitudes. Fabry’s book, “Atmospheric Ozone” @ I ) , has a chapter on the distribution and variation of ozone in different climates. Bartel and Temple (10) discuss ozone concentrations in Los Angeles and surrounding territory. A review of the literature on ozone analysis is given by Birdsall, Jenkins, and Spadinger (21). They describe an iodometric method, accurate to 2%, for the quantitative determination of ozone. Crabtree and Erickson (63) also review and discuss the various methods of measuring the quantity of ozone in the atmosphere, and then present a simple approximation method which exposes a piece of stretched rubber of known standard composition to the atmosphere under study and makes note of the time elapsed before cracking is observed. Bradley and Haagen-Smit (34) describe a similar method. Mayes and Barzan (194) use the photomicrographic technique to study the progressive formation and growth of ozone cracks. Rugg (270) found that the determination of crack depths in rubber could be used as a measure of the cracking caused bv ozone or weathering in general, and used this principle in develop ing a simple quantitative method for measuring cracking from these causes. A magnification of 20X was used to observe the cracks Cuthbertson and Dunnom (56) also studied ozone cracking of natural rubber and GR-S and found that for each temperature there exists an elongation below which no sample cracked. This elongation they called “crscking threshold.” Allison and Stanley (1) made some exploratory studies on ozone s g h g of elastomers with the ultimate aim of developing an accelerated test based primarily on compositional changes rather than on the conventional variation in physical characteristics. They found that infrared spectrographic techniques are well An apparatus involving dynamic suited for this purpose. testing was set up by Creed, Hill, and Breed (64) for the evaluation of ozone protective agents for elastomers. It was found to give result%which correlated well with outdoor tests. Erickson, Berntsen, and Hill (78) proposed a method for the quantitative determination of ozone absorption in which they deposit a sample of rubber on a column of silica gel by usual chromatographic procedures, and pass ozonized air of known concentration through the column. By titrating the residual ozone in the air stream with sodium thiosulfate it is possible to determine the quantity of ozone reacting with the sample. Postovskaya and Kuz’minskii (224) collected and analyzed the gases which were evolved during irradiation of film of sodiumpolymerized butadiene by ultraviolet light in their study of structural changes of the rubber as a function of irradiation. The Du Pont Co. (72) observed cracking of bent-loop specimens of neoprene rubber, while weathering in Florida, in order to evaluate them for wire covering. According to Burgess (40) n eathering cannot be simulated by any single accelerated weathering test Each possible factor must be separated out and studied by itself. LATEX
 
 A review article on the methods used for the chemical and physical eontrol testing of natural rubber latex has been presented
 
 57 hy Boucher (26). A paper on recent progress in latex technology by Murphy (200) discusses critically the relative values of recent methods used in testing latex. He states that no available tests for chemical stability are capable of predicting the suitabilitv of latex for all applications. A new revised edition of Noble’s book “Latex in Industry” (212)has been announced. A 3-day symposium on latex was held a t the Rubber Reseal ch Institute of Malaya in February 1951, and abstracts of all the papers, together with some of the complete papers, were later published by the journal of that institute (148). One section of the symposium was devoted to the analysis of nonrubber constituents of rubber, and another to latex stability. The introduction to the symposium was made by Mann (185), and a review of all papers by Cockbain ( 4 7 ) . Xonrubber constituents of latex and rubber are extremely important not only as natural stabilizers to the latex but also as a source of variability to the raw rubber. I n the above-nientioned symposium Resing (232) discussed phosphatides; Cheah (46), phosphatase; Drake (66), inorganic constituents; Sekhar and hlcMullen ( 2 8 l ) ,fractional separation of proteins; Philpott and Sekar (219), determination of volatile acids; and Drake (67), amino acid constituents of the protein of Hevea latex. Susceptibility of latex to deterioration can be assessed by determining the total concentration of acidic substances, which can be separated by steam distillation (219). The technique of paper chromatography was used to identify the constituent amino acids of the proteins in the latices ( 6 7 ) . Compagnon and Cretin (50) claim to have found correlation between the quantity of some of the constituents present in the latex and the technical properties of the rubber. The constituents involved are copper, nitrogen, and dry rubber content. Philpott and coworkers (220) found a marked negative correlation between the mechanical stability of the latex and its magnesium content, and a marked positive correlation between the stability and the potassium and phosphorus contents. Paton (214) came to the same conclusion about the stability in the presence of magnesium. Cook and McMullen (51) found t h a t the lutoid fraction of latex contributed to the instability of a latex. ,4 detailed survey was made by Madge (182) on the general question of latex stability. It made an objective assessment of the more important stability tests and their meaning in relation to manufacturing processes. Some comments were also offered as to the extent to which current views on natural rubber stability can be applied to synthetic rubber. Pidford (822) classifies latex stability tests into three categories, as to changes in viscosity, mechanical stability, and heat sensitivity. He then describes a practical test based on the principle that measures the critical gelling temperature of n latex-zinc oxide mixture under standard conditions. Van Gils (107) worked out a method to measure the heat sensitivity of fresh latex, and to determine quantitatively the influence of zinc oxide and of ammonia on the heat sensitivity of the latex. I n another paper (105) he states that he could find no general oorrelation between the potassium hydroxide number and the zinc oxide stability when latices of different origin werc. examined. Madge, Collier, and Duckworth (183) describe a high-apeed stirring apparatus for the measurement of mechanical stability Ifiaay (162) also made some notes on the testing of la!:. stability. The Brookfield Engineering Laboratories, Inc., Stoughton, Mass., have added several new models to their Brookfield Synchro-Lectric viscometers (260), which have a number of new features. Van Gils (104) proposes a method of determining viscosity which takes into account the dry rubber content of the latex. H e also describes (106) the effect that the yellow fraction of latex has on its viscosity. Krieger and Maron (164) proposed a method for the direct determination of the curve describing the rate of shear as a function of shearing stress for a fluid from data obtained in concentric cylinder viscometers. They used GR-S high-solide latex
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 58 to show that the method is valid. Maron, Madow, and Krieger (165, 187) also studied some flow equations and concentration dependence of flow for GR-S latices. A new technique is described by McMullen (181) in which he is able to collect fresh latex from a tree under strictly aseptic conditions and in the absence of air or light. The latex is also free from contaminants of the bark. Van den Tempe1 (290) found the electron microscope useful in studying the degree of dispersion of rubber in latex. Some of the latex particles are too small to be observed by optical means. Bradford (33) employed the electron microscope to study films prepared from plasticizeci latices. Cockbain (48) developed a method for the determination of specific surface area of rubber in latex. The procedure consists essentially in determining how much of a given soap can be adsorbed a t the rubber-serum surface. A rapid colorimetric method for the determination of the pH value of carbon black-latex mixes has been developed by Khoroshaya and Avilov (165). A pencil colorimeter is used after a tenfold dilution of the latex. UNVULCANIZED RUBBER
 
 Under this general heading are included not only tests apphed to unvulcanized rubber but also tests to determine characteristics of the process of vulcanization. Viscosity and Plasticity. Whorlow (899) has written a very thorough article on the measurenient of plasticity of rubber. After comparing various testing instruments, he concludes that for rapid measurement of plasticity the compression instruments should be considered in detail. An appendix to the article gives a brief description of the Hoelcstra rapid plastometer, which, according to the author, has a higher discriminating power than the Rilliams instrument for rapid routine factory control. Taylor and F’eith (289) reviewed methods of adjusting and operating the hfooney viscometer. The effects of die-closures, calibration, temperature, dimensions of parts, sample treatment, etc., are discussed. Braber (SO) also investigated the factors affecting the results of hIooney viscosity measurements. Rotor variability was the chief subject of discussion, and the author confirms the conclusions of unpublished work a t the National Bureau of Standards that the introduction of smooth rotors may yield many advantages and that this type of rotor deserves further study. Patterson (216) describes equipment in which eight hfooneytype viscometers are coupled together to test every batch of rubber from the mill department of a large rubber factory. Only two assistants are required for operating them because of the use of recording instruments. Stalinsky (283) found that the plasticity of the rubber mix has an effect not only on the rate of cure of the rubber but also on the mechanical properties of the resulting vulcanizate. Yoshida (302) found good correlation between results obtained by the Schob elasticity tester and those of the Williams plastonieter. As the tests with the Schob instrument are quick and simple, they may be used conveniently for plasticity control. Tomihisa and Furukawa (293) were able to predict deformation velocities of rubber from tests made by a hardness tester. I n a study of freshly tapped Hevea latex Bloomfield ( 2 4 ) found that the gel content present is of considerable importance in affecting the hardness of raw rubber, and that this gel complicates greatly the interpretation of viscometric data, which usually make use of equations that are valid only for gel-free rubber fractions. It is not possible, therefore, to correlate plasticity and intrinsic viscosity in a general way. Gal’perina (99) determines the fluidity of a rubber mixture in an apparatus consisting of a matrix with a hollow piston connected to a gage and to a lever for applying pressure. Results indicate that fluidity is more characteristic than plasticity in
 
 controlling the quality of rubber during the initial period of vulcanization. Bestul, Belcher, Quinn, and Bryant (18) studied flow properties of GR-S rubber solutions. Capillary viscometers were used for solutions up to lo%, while the 1IcKee Worker-Consistometcr was applied when the concentrations of the solutions were between 10 and 90%. From their data they were able to distinguish between GR-S polymerized a t low temperature and a t high temperature. Leaman (170) discussed the pros and cons of the various types of instruments used to measure the viscosity of rubber solutions or suspensions, and recommended the rotating cylinder type as the most useful in the design of latex compounds and in controlling the engineering conditions under which they are to be used. Vulcanization. -4very live subject a t the present time is the evaluation of cure characteristics. -4 group of four papers (22, 23, 84,100) by members of the British Rubber Producer’s Research .Association have been presented on the quantitative characterization of cure. An excellent review of these papers has been given by Schidrowitz (376). Blackwell (22) determined the relationship between modulus values of pure gum natural rubber vulcanizates a t 100% elongation and the strain values a t 5 kg. per sq. cm. It is shown that the second constant of the Mooney equation does not vary appreciably from one rubber to another. Fletcher, Gee, and Morrell (84)explained the use of modulus a t 100% elongation as a measure of the state of cure in pure gum natural rubber vulcanizates. An easily constructed machine is described which measures the modulus precisely a t small elongations. Blackwell, Fletcher, and Gee ( 2 3 )determined a relationship between compound Mooney viscosity and vulcanisate stiffness, and devised a method by which account could be taken of variations in viscosity in order to reduce the so-called mixing error in batches of the test compound. Gee and Morrell (100) developed a method of assessing the rate of cure of natural rubber. From mathematical and experimental studies of modulus-time curves they derived a simple mathematical equation which is equivalent to that of a first-order chemical reaction. The rate of vulcanization is therefore defined and measured by the value of a first-order velocity constant having the dimension of reciprocal time. Data obtained b> Veith ( 2 9 6 )indicate that tv,o of the pararneters in Gee’s equation for the calculation of rate of cure may be determined from measurements by Mooney viscometer a t moderate curing temperatuws If measurements by the Mooney instrument could be adopted, a considerable reduction in testing time could be effected. Stiehler and Roth (286) made comparisons among four methods (100, 238, 292, $96) recently proposed for the evaluation of cure rate of Hevea rubbers. They conclude that the methods proposed by Thirion (292) and by Gee and Morrell ( l o o ) ,which are based on the assumption of a first-order reaction, are not in accord with the experimental data, but that conclusions reached from strain and modulus data, changes in Mooney viscosity during the initial period of vulcanization, and measurements of stress and elongation at failure are in essential agreement. These authors believe that three parameters are necessary to characterize the vulcanization, and that the physical properties of the compounds change during vulcanization according to the laws of a second-order reaction. All three parameters may be evaluated from stress-strain data, but two of them may be determined from changes in Mooney viscosity a t the temperature of vulcanization. After pointing out the confusion that exists in the terminology used by rubber technologists to describe cure characteristics, Schade ($73) recommends definitions for state of cure, time for equivalent cure, optimum cure, best technical cure, rate of cure, and level of cure. Data obtained by the Sational Bureau of Standards strain tester were used to develop the definitions. Van Alpen ( 2 ) believes that the degree of vulcanization of latex
 
 V O L U M E 2 5 , N O . 1, J A N U A R Y 1 9 5 3 films is best determined by swelling measurements and by T-50 tests. Willment (300) applied radioactive materials to rubber problems and found sulfur-35 a valuable tool for studying the vulcanization reaction. Evaluation and Grading. General discussions of the methods used in control testing in the rubber industry have been made by Beke ( I S ) and by Jarrijon (241). Drogin (69) gave a comprehensive review of testing methods and principles relating to compounding research. References are made to recent improvements in test equipment. In order to have a good check on test methods and equipment from time to time, the availability of a “standard” rubber of uniform properties would be extremely valuable. In working toward the production of such a rubber McColm ( 1T9) satisfactorily prepared a uniform rubber by spray-drying a bulked lot of creamed formaldehydepreserved Hevea latex. The Rubber Manufacturers’ Sssociation (266, 266) brought out a revised edition of its “Type Descriptions and Packing Specifications for Natural Rubber.” The new regulations became effective July l, 1952. They noli- cover 9 typrs and 30 grades of natural rubber. 1Iaximuni limits are set for copper content (8 parts per million) and for manganese (10 p.p,ni,). Sears and Miserentino (280)warn that the best available methods for the purchase of natural rubber involve the use of standard contract type samples, type descriptions, and packing specifications prepared by the Crude Rubber Conimitt’ee of the Rubber Manufacturers’ Association. The method of classification of natural rubber on the basis of technical properties is receiving increased attention. S e n t o n (807) presented a general description of the scheme of classification in which each bale of rubber is placed in one of nine classes, depending on its processing and vulcanization characteristics. Later he reported on subsequent progress and developments (206). Haanst,ra and Zeehuisen (116) described the methods used a t the laboratories of the Indonesian Institute for Rubber Research a t Bogor, Java. -4report (149) has also been made on the technical classification of natural rubber in Malaya. It recommends that the rubber-producing indust’ry of Malaya give early consideration to the setting up of an organization to deal with technically classified ( T C ) rubber in Malaya. More test stations will be needed because the present ones are inadequate to carry the volume of testing required. Work done a t the London Advisory Committee for Rubber Research with reference to technically classified rubbers has also been described in a report ( 1 7 6 ) . Harrison (118) reported that he thought the results obtained from classifying rubber according to the new TC scheme were disappointing and unnecessary because vulcanizing accelerators obliterate any variahility in cure characteristics of rubber which might exist a t the plantation. Sewton (204) disagreed with Harrison’s stxtements, and said that rubbers did vary significantly as to rate of vulcanization, and that the classification as to this property was very successful. However, he r a s somewhat disappointed in the present scheme of classification as to viscosity. Later Harrison ( 1 1 9 ) admitted being wrong in the earlier communication (1181, but still thought that the 600yo modulus is unreliable because of large errors in testing. Sewton ( 2 0 6 ) agreed with the unreliability of the 600y0 modulus test and stated for that reason technically classified TC rubber will in the future be tested by a low-elongation strain test, which is much more reliable. In the International Rubber Rcsrarch Board’s “Users Information Sheet S o . 2” Newton (208) summarized the results of recent laboratory-scale evaluations of technically classified rubber conducted in the consumer’s factories. I t was indicated that there might be some advantage in measuring Mooney viscosit,y after a light mastication of the rubber. In “ S e w Sheet S o . 2” Newton (209) discussed important aspects of the marketing and utilization of the technically classified rubbers. “ S e w Sheet S o . 3” (210)re-
 
 59 lates to developments of the technically classified rubber plan during 1951. The possibility is suggested of reducing the number of technical grades. -4n increase in the Mooney viscosity of natural rubber during storage, sometimes as much as 30 to 40 units (301), makes classification according to this property somewhat unreliable. Busenburg (44)reports that the Technical Committee of the Rubber Reclaimers’ dssociation has adopted a test formula for Butyl rubber reclaim. Contamination of Butyl reclaim is easily detected by vulcanization properties. It was found by Currie (66) that a chemical test for unsaturation correlated well with the determination of rate of cure as measured by the modulus test. Miscellaneous. New pyrometers of various types have been introduced by the Cambridge Instrument Co. (145, 265), Pacific Transducer Co. (2431, Claud S.Gordon Co. ( 6 4 5 ) , Foxboro Co. (143, 264), and Pyrometer Instrument Co. (142, 266). The design and operation of beta-ray thickness gages are reviewed by Dixon ( 6 4 ) . Foster (87) describes the use of the beta-ray gage in the rubber industry, and reports the gage as stable, accurate, and reliable. Similar gages are described by Frieseke and Hoepfuer (98) and by Industrial Sucleonics Corp. (136, 239). A neiy compounding mill has been introduced by Ivan Sorvall, Inc. (258), which is capable of handling 0.5 to 10 grams of rubber. The safe working of horizontal two-roll mills has been the subject of continued study by Lunn ( 1 7 7 , 178). The work of Lunn and coworkers on the subject is also included in a recently published book (,%%). Morel ( 1 9 7 ) studied safety devices for mills used in the rubber industry and divided them into various classes. The type of device JT hich stops the rolls and throws them into reverse is the most efficient, but it is also the most expensive, Grainger ( 1 1 8 ) savs that the safety bar in front of the machine is much more effective than safety wires a t the top of the mill. The Sational Safety Council (803) discusses safety in the rubber laboratory, particularli- xith regard to mills, steam pipes, solvents, etc. Havenhill, Carlson, Emery, and Rankin (122, 123) described a new electrostatic probe and associated equipment for detecting and recording both the polarity and magnitude of electric charges formed when rubber batches are mixed in a Banbury mixer, These contact potentials produce strong electrostatic fields from which one may obtain fundamental information on the mastication, incorporation, and dispersion of softeners and pigments. By measuring these charges it is possible to determine mixing efficiencies and cycle conipletioii points n-hich frequently are not otherwise detectable. Schulz ( 2 7 7 ) examined critically the results of three absolute methods (osmotic pressure, light scattering, and ultracentrifuging) and one relative method (viscometric) of measuring the molecular weights of high polymers. Kagner and Flory (297) gave detailed experimental methods and calculations for determining the molecular dimensions of natural rubber and guttapercha. At the Rubber Stichting a detailed study (269) has been made of the orientation of rubber crystals in stretched vulcanizates. Spectroscopic .techniques involving polychromatic x-rays were developed for this study. Tests by this method show good agreement with those by normal .;-ray analysis, but the former test is ten times as fast and gives more accurate results. Burton, Cobbs, and Haskell(43) developed a technique for following rapid crystallization in polymers by infrared absorption, which is said to offer advantages over the methods of dilatometry or x-ra>-s. Bowler (29) described a method 13-hich he used to studv thp permeability of latex films to water vapor. A film of rubber was sealed across an aluminum cup containing water or a saturated salt solution, and the cup was placed inside a desiccator containing aluminum oxide as a desiccant. The rate of permeability was measured by determining the loss of weight of the cup. Endter (76) employed the electron microscope to study the
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 bound rubber in a mixture of rubber and reinforcing filler. Examination revealed a 3-dimensional network. Ford and Mottlau (86) employed a simple method for producing different degrees of carbon black dispersions iii rubber under controlled laboratory conditions. An electron microscope was then used to study these dispersions. McKinney and Roth (180) showed that electrical resistivity can be used as a criterion for differentiating between different carbon blacks and also for detecting differences between lots of the same type. Malm, Genug, and Townsend (184) developed a plasticizer quality test which consists of immersing a strip of filter paper in thc plasticizer a t 180” C. and noting any discoloration. VU LC 4x1ZATES
 
 Static Tension and Compression. .4 new inertialess weighing system announced by Scott Testers, Inc. (137, 244, 266), can be applied to existing Scott testers of the pendulum type. This electrical system replaces the conventional pendulum-type head and recorder, converting the tester from a constant-speed-of-pull operation to constant-rate-of-extension. Baldwin-Lima-Hamilton Corp. (246)introduced an improved universal testing machine of 120,000pounds’ capacity. It is considered a low-cost machine, but contains many of the features of the larger machines. The Instron Engineering Corp. (248) has added several new accessories to its tester, which have greatly increased the versatility of the unit. For determining elongation of elastomers Klute, Penther, and lIcI
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