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 T
 
 H I S paper is the second of a series of review articles to appear in this journal on analytical methods pertaining to natural and synthetic rubbers. The first review ( 2 7 ) covered the period from about 1944 until the latter months of 1948, and dealt only with chemical methods. The present review, which covers the past year, takes u p where the previous one left off and includes articles appearing in most of the domestic journals through Sovember 1949 and foreign journals through October 1949. It is more complete, however, than the previous one in that it includes physical as well as chemical testing methods. Like the previous one, i t excludes test methods for the analysis of compounding ingredients and of raw materials used in the manufacture of synthetic rubbers. It does not in general refer to procedures which are more concerned with fundamental research problems than with testing methods. The review is also restricted to procedures which have already been applied to the analysis and testing of natural and synthetic rubbers, and not to general procedures of possible application in this field. GENERAL
 
 Besides the article previously mentioned ( 2 7 ) there have appeared within the past year several other review or summary papers. Brock, Swart, and Osberg ( 4 8 ) made an extensive coverage of the advances in the whole field of rubber technology for the
 
 years 1917 and 1948. Included in their review are references t o papers dealing with testing methods. These same authors also published a similar article covering work through June 1949 ( 4 7 ) . Paetsch (174) in Germany made a similar but much less extensive survey. 4 series of six lectures sponsored by the Northern Polytechnic of London and delivered by senior members of the Research Association of British Rubber Manufacturers (76, 141, 150, 156, 214, 2.53) on various aspects of rubber testing is referred to in other portions of this paper. Duval ( 7 8 ) made a survey on standardization tests, and discussed the importance and advantages of international standard methods for testing and controlling the quality of latex, crude rubber, and finished rubber products. A survey was made by Lem6e (130) of the more important physical and chemical tests on crude and vulcanized rubber currently used in the laboratory for controlling quality in production and for studying properties in research and development work. The report by a joint conference of the Association Franpaise des Ingenieurs du Caoutchouc and the Institut Franpais du Caoutchouc ( 1 7 ) describes the test methods used for latex, raw rubber, compounded stocks, and vulcanized rubber. It also gives a short account of instruments used in recording and controlling some factory operations. The various mechanical properties and testing of rubber were
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 treated in lectures by Willis (260). Coinon (65) reviews the important physical tests performed on finished industrial rubber products, together with the equipment necessary to make these tests. Hammond (97) describes recent developments that point the way to quality products, and states that engineers are now demanding new information on rubber which cannot be obtained from the conventional tests. A bulletin prepared by Imperial Chemical Industries (113) describes and illustrates the facilities available a t the laboratory a t Blackley for the physical testing of rubber. As a supplement to a previous series of articles, Werkenthin (261) has started another series describing the more recent developments in the field of testing procedures used by the U. S. Bureau of Ships for the evaluation of natural and synthetic rubbers. Several books published \Tithin the past year include information on the testing of rubber. Volume I11 of “Elastomers and Plastomers” (111), edited by Houwink, includes a chapter on chemical analysis by Epprecht (?9), one on properties of elastomers by Boonstra (35), and one on methods of physical testing by Teeple (228). Chapter 2 of Burton‘s “Engineering with Rubber” (65) deals with the physical properties and testing of rubber. The Goodyear Tire and Rubber Company has recently published a book (92) which also approaches the Fubjecta of properties and testing of rubber from an engineer’s viewpoint. Rubber testing is included in a book printed in Dutch by Bokma and Xraay (34) on rubber and latex. D a m o n , in his survey of “The Rubber Industry in Germany during the Period 1939-1945” ( 7 3 ) ,describes or refers to German methods of testing both synthetic latices and Buna rubbers. Treloar’s new book, “The Physics of Rubber Elasticity” (236), presents no methods designed for testing but does include a description of general physical properties of rubbers such as elasticity, photoelasticity, crystallization, flow, stress, relaxation, and dynamic properties. The “Proceedings of the Second Rubber Technology Conference” ( 7 4 ) ,released in 1949, contains the papers that were presented at the conference held under the auspices of the Institution of the Rubber Industry in London on June 23 to 25, 1948. This book also includes an open discussion on the testing methods for tcnsile strength, hardness, abrasion, and tear testing on vulcanized rubber. This discussion reveals the chief differences in the methods as used by Britain, United States, France, Germany, and Italy in their standard procedures. In the United States the American Society for Testing Rfaterials has issued its annual compilation of standards for rubber (4),which contains revisions and additions to the previous edition. The Office of Rubber Reserve issued a revised edition of its “Specifications for Government Synthetic Rubbers” (169 I , This publication now appears in the form of a loose-leaf book to which changes or additions can easily be made from time to time. The U. S. federal specification (242) on methods of tests for rubber goods is in process of revision. The same is true for the methods for latex, crude rubber, and vulcanized rubber products, promulgated by the British Standards Institution (46). Burk and Grummitt’s “Recent Bdvances in Analytical Chemistry” (53) covers polarography, infrared spectroscopy, electron microscopy, and mass spectrometry, and presents a comprehensive picture of the current knowledge in each. This new book should be valuable to the rubber analyst in enabling him to understand and evaluate new techniques Tvhich may find application in rubber analysis or testing. LATEX
 
 The Rubber Research Institute of Malaya has issued instructions (186) in card form on the methods of sampling of preserved latex, determination of ammonia content, dry rubber content, and total solids of the latex. Boucher (41) has published a paper listing the various physical and chemical tests determined on latex for control testing in the laboratory, and describes measurements of viscosity, chemical and mechanical stability tests, and tests for
 
 tensile strength of the rubber obtained from casting or dipping the latex. Dawson (?‘a) has described in considerable detail a rapid and simple mechanical stability test using high-speed stirring in which progressive flocculation of the latex continues until mechanical coagulation occurs. The colloid stability of the latex is defined as the time in seconds required to reach an arbitrarily defined end point. The author also reviews and discusses previous articles on mechanical, chemical, and heat tests of stability. Scott and Walker (200) found that changes in viscosity in the emulsion polymerization of chloroprene could easily be measured by the blooney-Ewart rotating cylinder viscometer. Partridge and Hansen (175) described the drying of latex rubber deposits a3 taking place in two stages: the drying that brings about the coagulation of the rubber, and the evaporation of the remaining moisture from the film. The first step must be carefully controlled in order to prevent the formation of blisters. The purchase of latex on the basis of specifications has rapidly become of increasing importance because a large number of new producers, particularly natives of the Far East, are entering the field of latex production and releasing a product of doubtful quality (3). The American Society for Testing Materials has therefore formed a subcommittee on latex which has drawn up a tentative set of specifications and tests for concentrated preserved latex (6). Specifications and t,ests of the latex include those on total solids (T.S.), dry rubber content (D.R.C.), alkalinity, viscosity, sludge content, coagulum content, KOH number, mechanical stability, copper content, manganese content, color on visual inspection, and odor after neutralization with bo1.i~wid. UNVULCANIZED RUBBER
 
 Purification. The preparation of highly purified samples is often important, so that properties and tests on these materials may be made without being influenced by the foreign substances. Verghese (244)describes a new method for the preparation of highly purified rubber hydrocarbon without resorting to any drastic chemical or mechanical treatments of the rubber. The proteins of the rubber latex are displaced by treating with ammonium oleate, n-it,h subsequent creaming. The same author (845) also fractionated his purified rubber and determined the molecular weights of each fraction. Martin (146) also mentioned the same procedure for the preparation of natural rubber to a purity of 99.9% hydrocarbon. bIacLean, Morton, and Sicholls (137) described a procedure for the preparation of copolymers having a relatively narrow range of molecular weight and being relatively homogeneous as to comonomer composition on the chains. Swelling. The swelling of natural and Buna latex films in water has been studied by Bachle (18). In the present procedures, immersion in water, the s\yelling is obscured by extraction which takes place at the same time. This extraction can be eliminated or greatly reduced by swelling in water vapor, or preferably by employing a “short swelling” technique-e.g., immersion for about 10 seconds. Furukawa and Iwasaki (83) studied stvelling from a theoretical point of view and found a relationship between the swelling pressure and the increase in volume. Refractive Index. Kood and Tilton (263) measured the refractive index of natural rubber for five different wave lengths of light in the visible region and at several temperatures. They made use of a spectrometer and observed the angle of minimum deviation produced by a prism of known angle. This method gives more precise results than the usual methods of critical angle refractometry. Viscosity and Plasticity. In the past years the quality of different lots of natural rubbers has been judged to a considerable extent by tensile properties. Schidrorvitz (194) reports that the most recently added test for quality is that of viscosity. This section of the paper deals only with the viscosity of the solid
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 V O L U M E 22, NO. 2, F E B R U A R Y 1 9 5 0 polymers and not of their solutions or suspensions. Reviews and discussions of the measurement of plasticity or viscosity using the various types of instruments have been made by Gauthier (87), Scott and Whorlow (206, ,953), and Legge and Einhorn (129). They seem to agree that each type measures a somewhat different property, but that they all have their places in cont'rol work. By means of the Goodrich plastometer, Furukawa and Tomihisa ( 8 4 ) studied the plasticity index of raw rubber, the effect, of the magnitude of stress in the measurement of plasticity, and also the temperature coefficient of plasticity. Nilbourne (118) found that there !vas a t present no single type of instrument for measurement of plasticity which supplies all the desired information for reclaimed rubber. The selection of a method depends on the type of processing in which the reclaim is to be used. Whorlow (254) has investigated the efficiency of the Defo plastometer. In the article he gives a good description of the apparatus, including the test method, and some results of tests. His conclusion is that there is little to choose between the Killiams and the much more elaborate Defo instruments for either esperimental accuracy or for speed of test. Treloar (237) studied the flow characteristics of natural and of GR-S rubbers over a range of temperatures using the llooney viscometer modified with the biconical rotor of Piper and Scott. From the temperature coefficient of flow rate at, constant stress he !vas able to calculate the activation energy for flow as about 10.2 kcal. per mole. The R. T . Vanderbilt Company (13) describes in detail the method its laboratory uses for the operation of the &looney viscometer, including scorch tests. Chalmers (59) also uses the hlooney apparatus and claims that the scorch test saves the rubber industry many dollars by indicat,ing the conditions Tvhich produce scorched material. Somerville and Maassen (12, 216) made test measurements a t various temperatures from 220' to 280" F. and recommend operation a t 250" F. Molecular Weight and Structure. There have been many papers, both experimental and theoretical, published on molecular properties and structure. However, only a few of the esperimental ones on the determination of molecular weight Ji-ill he mentioned here, and the reader is referred to an extensive bibliography of this field, by Siniha, Budge, Jeppson, and Callomon ( Z l l ) , which is non- in preparation and will be published as [I circular of the Sationul Bureau of Standards. Probably the most popular method of determining molecular \\-eight of high polymers is by measuring intrinsic viscosities of their solutions. Scheele and Timm (193) give a revielv and survey of this method. Billmeyer (SO) states that a good estimate of intrinsic viscosity ('an be obtained from one measurement of relative viscosity at a convenient concentration. Henderson and Legge (104)prepxed their solutions by dissolving the butadiene-styrcne polymer.? i n toluene-isopropyl alcohol mixtures directly from the latex. Scott, Carter, and hlagat, (207') confirm a previous hypothesis that for essentially linear rubhrr polymers the intrinsic viscosity of the solution depends on approximately the two thirds poi\-er of the molecular weight. Johnson and Wolfangel (116) determined the relationships bct w e n the viscosity and the molecular weight for emulsion polybutadiene polymerized a t three different temperatures. Relationships were also obtained for a Russian sodium-butadiene polymer (266),and for polyisobutylene by Fox and Flory (82). Osmometric measurements for the determination of molecular Iveights are described by Zhukov, Poddubnyi, and Lebedev ( 2 6 5 ) . Masson and Melville (146, 147) describe a thermostated osmometer of the Fuoss-Mead pattern and the technique of preparing bacterial cellulose membranes. Henderson and Legge (103) developed an osmometer in which the nitrocellulose is deposited to any desired thickness on an alundum thimble. They show evidence that matched capillaries lead to erroneous results. Brice (44)describes a photoelect,ric photometer which is designed for determining molecular weights of high polymers by
 
 measuring absolute turbidity, dissymmetry, and depolarization of dilute solutions of the materials. Hadow, Sheffer, and Hyde (96) describe a similar apparatus and discuss the degree and source of errors. Methods of calibration are also critically examined. Cashin and Debye (57)have made use of measurements of secondary absorption for this purpose. hlark (143) in discussing the measurements of molecular 6izes states that osmometry is best suited for materials whose molecular weights are between 20,000 and 600,000, and that light scattering serves well from 40,000 upward. Dogadkin, Soboleva, and Arkhangelskaya ( 7 6 ) obtained satisfactory agreement between the results of two methods for natural rubber and for butadiene-styrene polymers. Other methods for determining molecular weights have also been used. Heller (102) makes use of dityndallism; Siegel, Johnson, and Mark (210) make measurements with the electron microscope; and Mochel and Peterson (151) determine end groups using radioactive sulfur. Garten and Becker ( 8 6 ) determined the size and shape of the Buna molecule by using viscometric and osmometric measurements, gelling, fractional precipitation, and oxidative scission. Nunster ( 1 5 7 )olltliries the different physicomathematical concepts of thermodynamics and statistical mechanics of solutions of substances with high molecular weights. Baker (19) studied a new macromolecule, which he calls microgel, and shows its relationship to sol and gel as structure elements of synthetic rubbers. Flory, Rabjohn, and Schaffer (81) cross-linked natural rubber quantitative1)- to different degrees and det'ermined tensile strengths on the vulcanizates. They found that a greater degree of cross linking produced vulcanizates having higher tensile strengths. Bardwell and Winkler (20) found that the tension exerted by stretching GR-S at 3 given temperature and elongation is determined by the initial molecular weight and the concentration of cross linkages. CHEMICAL XNVALYSIS
 
 Solvent Extraction. The most commonly used procedure for the determination of the quantity of rubber in plants is that involving solvent extraction. Horel(110) applies the often-used differential extraction method in analysis of plants for resins and rubber. He uses a 12-hour extraction with acetone for the resins, followed by a 24-hour extraction with chloroform for the rubber. Metcalfe (148), in analyzing kok-saghyz roots, extracts the pulverized sample for 20 hours with acetone for the resins and 20 hours with henzene for the rubber. He adds a small quantity of phenyl-2naphthylamine to the benzene extract to prevent oxidation. Blo~v(33) describes a procedure for the estimation of small percentages of rubber in fibrous materials. Wool, leather, or silk is destro3-ed by treating with a boiling 5% solution of potassium or sodium hydroxide, after which the rubber is filtered or centrifuged. If cellulose fibers are present the>-are dest'royed by boiling with concentrated hydrochloric acid, and the rubber is then dissolved in benzene and precipitated nit,h acetone. S e w aids have been suggested in apparatus design of extraction apparatus. Toeldte (235) illustrates a new condenser cooling system which eliminates dangers of flooding from condenser cooling water. Tryon (240) has a modified Soxhlet, extractor which uses an unusually small amount of solvent even when employed as a large-scale unit. A simple conversion allows this extractor to be used under reduced pressure, and hence permits extractions a t the lower temperatures necessary when working with materials unstable a t the normal boiling point of the solvent. Infrared. l l a n n (142) gives an extensive survey of the use of infrared spectroscopy in the chemical analysis of mixtures of elastomers and in the study of the structures of polymers. The application of this relatively new method to high polymers is described fully and many references are given. Saunders and Smith (191) have extended their previous work on the application of infrared spectra to study the structure of Hevea and gutta
 
 256 h? drocarbons. The absorption spectra of these two different classes of natural poll isoprenes, when determined on oriented crystalline films using polarized radiation, strongly confirm the accepted idea that the Hevea isomers are cis in configuration and that the guttas are trans. Treumann and Wall (238) have applied the infrared spectrometric method to the quantitative determination of the butadiene units which have undergone 1,2addition in polymers and copolymers of butadiene. Hart and Meyer (100) show that the infrared spectrometer is not only valuable in determining the 1,2- addition but can also measure the trans-1,4 structure of these polymers. Hampton (99) extended the work still further and was able to determine the quantity of cis-l,4 addition and also the amount of combined styrene in GR-S synthetic rubbers. He was also able by means of the infrared to distinguish between the standard GR-S and the Ion-temperature-polymerized GR-S rubbers. King, Hainer, and Mchlahon (119) extended the infrared measurements on polymers to lower temperatures, even as low as those of liquid helium, but found no very significant changes in absorption. Toung, Servais, Currie, and Hunter (364) and also Richards and Thompson (183) applied infrared studies to the silicones and related compounds and determined the characteristic bands for their structures. Elemental. Madorsky and Wood ( I % ) , by careful and precise combustion analysis for carbon and hydrogen in butadienestyrene copolymers, were able to compute the fraction of the hydrocarbon polymer which was derived from the styrene. Details of the analytical procedures are given, and the precision and accuracy of the measurements are discussed. Proske (180) studied the determination of sulfur in rubber bv means of the polarograph. He found that acetone as an operative solvent gave definitely lo^ results, but that pyridine was satisfactory. Outa ( 1 7 2 ) determined the amount of sulfur in rubber after ignition of the sample in a bomb under a pressure of 40 atmospheres of oxygen. The sulfate is precipitated with benzidine hydrochloride and titrated with standard sodium hydroxide solution using phenolphthalein as indicator. Results agree within 0.2% of the calculated values. The procedure requires only about one hour for completion. Calcium and barium, however, interfere with the determination. Van der Bie (29) studied the procedures for determining small quantities of nitrogen in crude rubber, trying the various modifications of the Kjeldahl method, including various catalysts, in an attempt to establish the best conditions with respect to speed, accuracy, and consistency. The resulting procedure is described in detail. Chambers' method for the direct determination of 0x3 gen by application of the Unterzauchei method, which was reviewed last year (d'?), has since been published (60). Genova and Addobbati (89) contribute to the method of determining small amounts of copper in rubber by suggesting a new method for eliminating the interference of manganese. The slightly ammoniacal hot solution is treated with bromine water and then made alkaline with sodium hydroxide solution. Repeated treatments precipitate the manganese. Milliken (149) has been studying the question as to whether or not copper is lost during the dry-ashing process of preparing the sample for solution. I t is concluded that with careful ashing over a short period of time and a t temperatures not in excess of 550" C. there is practically no loss of copper. This ashing procedure is much simpler than the wet-oxidation method of solution of the sample. Belmas (28), in his physicochemical studies of Hevea latex, has developed methods for the quantitative determination of the metals potassium, sodium, calcium, magnesium, and iron. He finds that both the dry method and the wet method for destroying the organic matter work very well. Korshun and Sheveleva (122) have developed a polyelemental procedure for the simultaneous analysis of carbon, hydrogen, halogens, and sulfur in organic compounds. The sample is
 
 ANALYTICAL CHEMISTRY burned in an empty combustion tube in a stream of oxygen, and the exit gas passes over a silver ribbon which retains the halogens and sulfur. The usual water and carbon dioxide absorption tubes follow the one containing the silver. Carbon Blacks. Paetsch (213) gave a review with discussion and references to methods for the analysis of carbon blacks, and also presented data on German carbon blacks. Bauminger and Poulton (21) also reviewed the more usual methods for estimating quantities of carbon black. They suggest a new procedure in which the rubber, either vulcanized or unvulcanized, is extracted with acetone, the volatile matter distilled off in an atmosphere of nitrogen, and the carbon in the residue then determined by loss of weight during combustion and also by absorption of the resulting carbon dioxide. Kruse (123) describes a technique of determining particle size of carbon black in rubber by means of the optical microscope. The usual ultramicroscope formulas are used to calculate the average size of particles. Brock ( 4 9 ) applies microradiography to rubber compounding problems. He has developed a technique which is valuable in determining the degree of dispersion of various pigments in elastomers. By this technique it is also possible to study the vacua which are formed around various pigment particles when a vulcanizate is elongated. This technique of microradiography is superior to that of microscopy for studying opaque rubber compounds. Miscellaneous. Rush and Kilbank (187),in their study on the effect of moisture variation in the curing rate of GR-S, found that the hot-mill method for determining moisture is neither sufficiently sensitive nor absolute. They also found that heating methods sometimes volatilized some of the softeners. They therefore tried out and were able to apply successfully the Iiarl Fischer procedure, which they describe in their paper. Tryon (239) also ran into the same difficulties as Rush and Kilbank u hen applying the usual moisture methods to GR-S, but he elected t o modify the azeotropic distillation method, using toluene and making it simpler and more precise by measuring the quantity of vater in a calibrated capillary tube open a t both ends. The inside of the apparatus is coated with silicone polymer to prevent water droplets from adhering to parts of the apparatus. Budig (51)describes in detail the distinguishing characteristics and identification of some aging inhibitors b j means of color ieactions. These inhibitors include mercaptobenzimidazole, phenyl-2-naphthylamine (phenyl-8-napthylamine), and derivatives of phenylenediamine. Burmistrov (54)identifies diphen! 1guanidine, diazoaminobenzene, 1-naphthylaminoaldol, phenyl-2naphthylamine, and tetramethylthiuram disulfide. Kul'berg and Blokh (124) developed spot tests for the identification of niercaptobenzothiazole, tetramethylthiuram disulfide, diphenylguanidine, diazoaminobenzene, and Aldol. Madorsky, Straus, Thompson, and Williamson (139) pyrolyzed samples of polyisobutene, polyisoprene, polybutadiene, GR-S mm. synthetic rubber, and polyethylene in a high vacuum ( of mercury) in a specially designed apparatus at temperatures ranging between 300" and 450" C. They found that upon analysis of certain fractions of the pyrolyzed products by means of the mass spectrometer each polymer gave a characteristic mass spectrum, and that pyrolytic fractionation therefore can serve as a means of identification of polymers. Wall (247) developed a mathematical relationship which gives the pyrolytic yield of monomers from copolymers. He substantiated this equation by mass spectrometric analysis on pyrolytic products of butadienestyrene and of isoprene-styrene copolymers. The only article that was found on the determination of the amount of unsaturation of butadiene rubbers by chemical methods during the year is an English translation (243) of a 1947 Russian article which was referred to in last year's review ( 2 7 ) . Moses and Rodde (153) developed a method for the testing of GR-S polymers for pigmenting, discoloring, and staining proper-
 
 V O L U M E 2 2 , NO. 2, F E B R U A R Y 1 9 5 0 ties. They expose the polymer to ultraviolet radiation and note i t 4 tendency to stain lacquer. Pryer (181)studied the nature of ingredients used in rubber as related to their staining properties. Discoloration of a vulcanizate may actually take place from migration on rubbery surfaces when left in contact with other articles containing a staining ingredient. \Visniewski (261) has observed and tested many samples of \vild rubber from the Amazon \'alley. From his experiences he states that even the expert rubber grader by his on-the-spot superficial examination is unable to detect many of the adulterants found in the wild smoked rubber balls. Chemical analysis, however, can easily detect them. AGING
 
 In March 1949 the iimerican Society for Testing Materials held a symposium on aging of rubber under the chairmanship of RltLassen (136). The first paper, by S e a l and Vincent (168), discussed the mode of attack of oxygen on rubber, suggesting several possible chemical reactions in this complicated process. Shelton (209) reviewed the oxygen absorption methods of aging and presented their utility and limitations. Cole (66) discussed the chemical changes which take place during thermal or photochemical oxidation. Throdahl (233) described the physical aspects of aging of rubbers and the causes of their hardening or becoming tacky. Blake (51) told of the effects which light and ozone have on rubber. In the final paper of the symposium Schoch and Juve (197) discussed the effect of temperature on the air-aging of rubber vulcanizates. Because of the slowness of the usual accelerated weathering tests for elastomers Phillips (116) devised a new and faster test in which both sides of a much thinner sample of rubber are exposed simultaneously to the sunlight. The softening and hardening of rubber with age and the role of oxygen in aging were studied by the London Advisory Committee for Rubber Research (135). Tew (229) summarizes the present knowledge of the resishnce of natural and synthet,ic rubbers to ozone. Judeinstein (If 7 ) made a study of the increased t,ensile strength exhibited by rubber a t the beginning of aging. His experiments included aging in the Geer oven, in oxygen, and in sealed vacuum tubes, and testing by the T-50 method. The Research Association of British Rubber Manufacturers (182) has found that the material forming the mold surfare for tensile specimens has an influence on the aging properties of the rubber wlcanized in the molds. Precise testing work must therefore specify the mold material and also the dusting agents or lubricants to be used. Throdahl (234) made a comparison between measurements of creep with some of the conventional aging tests and concluded that the chemical reactions caused by oxidation are fundamentally exhibited by creep and stress relaxation. Creep measurements can actually differentiate more clearly between the behavior of different ant,ioxidants than the usual aging tests. Boonstra (56)measured the tensile properties of the vulcanizates of a number of different types of synthet'ic rubber a t elevated temperatures. He prefers to call the tensile test a t high temperatures the "heat resistance" test rather than "heat aging." LeBras and Salvetti (126, 127) made kinetic studies on the oxidation of rubber by a manometric method of oxygen absorption. These authors believe that this method can replace the oven or bomb tests for aging. They have also found (128) that mechanical stresses, whether static or dynamic, have no effect on the oxidizability of rubber. Stafford ( 2 2 5 ) describes an apparatus for measuring oxygen absorption of vulcanized rubber either in darkness or under illumination from a controlled light source. Pollack, McElwain, and IT-agner (17 9 ) found sufficient correlat,ion between the oxygen absorption rates and deterioration of physical properties on aging of rubber to justify the substitution of the oxygen absorption method for the longer standard procedures in evaluating aging characteristics of rubber stocks.
 
 257 Sanders (189), in a study on the effect of light on neoprene, found that standard accelerated light-aging devices cannot always be used to predict the resistance of white GR-IhI vulcanizates to discoloration by sunlight. The artificial methods can, however, often be used for preliminary screening purposes. Blake and Kitchin (32) studied the effect of microorganisms on rubber electrical insulation. Accelerated laboratory tests, using active fertile soil containing some moisture, having a p H of about 8, and maintaining temperatures from 70" to 9.5' F., developed in a few weeks or months failures which in actual underground service would require 10 years or more. The British Ministry of Supply (46) has developed specifications defining test cycles of different temperatures, humidities, and pressures in attempts to simulate different climatic conditions. Rubber and other materials are subjected to these tests in studying resistance to fungus growth and other deteriorating influences. The R. T. Vanderbilt Company (11) studied the mildewing of rubbers in a mold cabinet and under soil burial. The ronclusions from these tests weie that all cured compounds are immune to attack by fungus, but of the raw rubbers only neoprene is immune. JIECHANICAL TESTS
 
 Static Tension. h comparison of the tensile data obtained from Schopper ring and from Brittish standard dumbbell test pieces has been made by Scott (205) for a wide variety of rubber vulcanizates. Results show that the '%rue" value of the tensile strength, elongation a t rupture, and elongation a t a fixed stress deduced from data on rings agree on the average closely with the corresponding values obtained with dumbbell specimens. Klute (120) believes that abnormally low values for elongation and tensile strengths are often obtained from dumbbell specimens because of uneven cutting edges in the dies. Careful honing of the inner die surfaces will help the situation. Higuchi, Leeper, and Davis (106) studied the effect of the size of the dumbbell specimens on the tensile strength of natural and GR-S synthetic rubbers and found that larger specimens give lower observed tensile strengths. Maron, Madow, and Trinastic (144) determined t,ensile strengths on samples of raw polymer films and gum vulcanizates prepared from GR-S latices. Results from the two types showed no correlation when the calculations were based on the original cross section, but when the results were based on the actual area a t break the strengths of the raw polymer and the vulcanizates were found to be essentially the same. By increasing the speed of jaw separation from 20 to 40 inches per minute in tensile testing one can increase the ~ o r koutput about 75%, without any appreciable change in the resulting data ( I O ) . Yillars (246) went to very high speeds, up to 270% elongation per millisecond, FThich he found especially valuable for studying the stress-strain curves for crystallizable rubbers before crystallization had time to take plase. A machine was developed by Chatten, Eller, and Gondek ( 6 1 ) for use in huffing strips of rubber materials such as hose, gaskets, et,c., which require preparation before tensile testing. Dahlquist, Hendricks, and Taylor (71 ) devised a constant stress method for elongation of soft polymeric materials. This they accomplished by means of a weight in the shape of a hj-perboloid which is lowered into the TTater as the film stretches. The buoyancy reduces the load in proportion to the cross-sectional area of the test specimen. Phillips and Labbe (177) developed an instrument a.hich determines the rate of relaxation of elastomers under compression or shear as well as recovery after partial or complete release of load over a temperature range from -70" to S l 5 8 ' F. Macdonald and Ushakoff (156) describe a new compact instrument for measuring st,ress relaxation which contains a minimum of moving parts, is essentially free from draft and vibrational effects, and measures the relaxation characteristics of a substance under constant strain. Boonstra ( 5 7 ) uses a simple device for nieasur-
 
 258 ing the speed of retraction of rubber. He states that permanent set plays an important part in the complicated mechanism of retraction. Jarrijon (115) made a special study of the variability in natural rubber from Indo-China, and suggests the determinations of mechanical properties of the vulcanizate as a means of estimating rate of cure, nitrogen content, and hlooney viscosity of the crude rubber. Fletcher (80), in a preliminary investigation on the grading and testing of natural rubber, ruled out the tests on abrasion, flex cracking, and cut growth because of their inherent difficulties in measurement. He came t o the same conclusion as Roth and Stiehler (108, 185) that a more sensitive and reliable test is the determination of elongation of a rubber specimen subjected to a predetermined constant stress. He suggests the use of a vulcanizate somewhat different from that recommended by the Crude Rubber Committee of the Division of Rubber Chemistry, AMERICAXCHEMICAL SOCIETY, because of the great sensitivity of the latter formula to variations in moisture content. Hardness. Spath has written several reviews and critical discussions on hardness, one on indentation hardness (218), another on Shore hardness (419) and a third on rebound hardness (817). Dubois (77) has made a study of the factors affecting hardness and recalls the different methods of measuring hardness, such as static, dynamic, and kinematic. Cooper (70) believes that tensile strength data are no longer adequate and are often impractical in evaluating the quality of a rubber compound, especially in control, and that hardness, modulus a t chosen elongations, load deflection, and other characteristics are more important properties for evaluation of quality. In the paper the author discusses the merits of various hardness testers and their calibrations. Scott (201) proposed to the British Standards Institution a new and improved method for expressing hardness of vulcanized rubber, the scale to read from 0 to 100 B.S. (British Standard) degrees, but to be in reverse order from the present British scale. The 0 reading is for an infinitely soft, and the 100 for an infinitely hard material. Over most of the scale the readings are practicallr identical with the Shore Durometer A readings. Soden (214) gave a survey of hardness tests and described the new proposal of Scott’s. Hammond (97) review the field of hardness testing and also recommends the adoption of the newly proposed scale in England. In a later article Scott (202)reported that the new scale had met with no adverse comments and would therefore be arccpted as standard. Sewton ( 1 6 1 ) made a thorough study of the accuracies of hardness testing for the different types of gages used, and described the errors associated with each type. Abrasion. Scott, Sen-ton, and Willott have written four more of a series of articles on the determination of resistance to abrasion. In the first (204)i t was concluded that rubber compounds of the tire-tread type are not appreciably influenced by the direction of the grain in the compound, which in a tire runs around the periphery. The second ( 1 6 2 ) shows that marked deterioration takes place with all types of abrasive wheels with use, and that attention must therefore be paid to the statistical planning of tests so that these factors can be reduced or eliminated. In another investigation (163) t h e - found that the use of an abrasive index (abrasive resistance relative to a standard rubber) for expressing test results does not enable different types of abrasives to be used indiscriminately because different abrasives sometimes give widely different indexes for the same rubber. The fourth article (205) gives a comparison of the Akron and the D u Pont abrasion machines, and concludes that they do not give the same abrasive index for the same rubber. In general, however, a factor can convert the value obtained from one machine to that of the other. Griffith, Storey, Barkley, and McGilvray (95) could not find agreement between laboratory abrasion tests and service performance of a recapping compound. They attribute this to the formation of a viscous film on the abrasive and on the surface of
 
 ANALYTICAL CHEMISTRY the abraded rubber, which lubricates the abrasive and gives an abnormally low loss. When, however, the rubber is extracted with ethyl alcohol-toluene azeotrope, there is no film and good correlation is found between the laboratory and the road tests. Spath (216) discusses the question of wear in pneumatic tires and its relation to tire temperature and speed of travel. Adhesion. A series of papers has been written by Hammond and Noakes (98) and by Borroff and Wake (38, 3 9 , 40)on the adhesion of rubber to textiles. They describe the testing technique and also the factors influencing the load requirements to strip rubber from fabric and foil surfaces. Pittman and Thornley (178) developed a dynamic test for the measurement of the adhesive forces between rubber and cord fabric. The test piece consists of a single cord surrounded by a thin cylihdrical layer of casing compound which is enclosed and protected by a thicker layer of rubber of standard composition. The test pieces are subjected to controlled bending and compression. Gardner and Williams (85) used destruction in shear to test the strength of bonds between rubber and cord. The test specimens were subjected to alternating compression and release in a Goodrich flexometer. Anderson ( 6 ) describes and illustrates an instrument which records the force required to separate two layers of pliable materials cemented together. Results show a linear relationship between the peeling force and the logarithm of the peeling velocity. Moses and F i t t (164) use ultrasonic vibrations in a direct quantitative method for measuring adhesion of organic coatings to either metal or nonmetal substrata. Rerkenthin (251) describes the tests used by the U. S. Bureau of Ships for the measurement of adhesion. In a study of lubber-rayon adhesion Thoman and Gilman (231) concluded that the strip test of the American Society for Testing Materials, TThich peels a woven fabric from a rubberfabric sandwich, is more useful for general development work than the H-test, which pulls a single cord out of a block of rubber. Lambert and McDonald (126) designed a new tackiness meter which reduces manual operations to a minimum. The machine measures the force required to separate sheets of rubber which have been pressed into contact. Schmidt ( 1 9 6 ) also built a new apparatus for the measurement of tackiness. The rubber is first calendered onto fine cotton fabric; part of the material is made into a disk and another part is placed around a pendulum hammer. The apparatus indicates the tackiness by means of measurements of rebound and the number of pendulum beats. Beaven, Croft-White, Garner, and Rooney (23) developed a quantitative tackiness meter TT hich can use either short-period loadings or long-period loadings of the contacting rubber surfaces. Beckwith, Welch, Kelson, Chaney, and McCracken (24)modified the procedure of Busse so that they could measure the tackiness of fresh-cut surfaces of Butyl rubber. Dynamic. Braendle, Steffen, and Dewender (42) state that many of the most commonly performed laboratory tests on rubber do not give a proper forecast of the usefulness in rubber, and t h a t the trend during the past few years has been more toward the dynamic form of test. I t is probable that development of future tests will start in the mill room. Mullins (155) gives a review of the recent developments in dynamic properties. Solle (165) describes several methods for measuring the complex dynamic Young’s modulus of rubberlike materials under conditions of small sinusoidal strain variations a t various frequencies and temperatures. This paper by Nolle later was the subject of comments by Hillier, Kolsky, and Lewis (107) and also by the author himself (166). Chilton (62) discussed the application of large deformation stresses to elastic solids, and laid special emphasis on shear and torsion analysis because of their importance t o practical applications. Buchdahl, Nielsen, and Revreault (50) describe measurements for dynamic elastic modulus and mechanical dissipation factor for a series of high polymers as a function of temperature. Data
 
 V O L U M E 22, NO. 2, F E B R U A R Y 1 9 5 0 were obtained by three different methods: electromagnetic vibrations, torsion pendulum, and rotating cantilever beams. Catton, Krismann, and Keen (58) determined the dynamic characteristics of neoprene vulcanixates from measurements made on the D u Pont-Yerzley oscillograph for mechanical properties and the Goodrich flexometer for the heat build-up. Smith, Ferry, and Schremp (213) made measurements on the mechanical properties of polymer solutions. The concentrated solution of polymer is sheared by a rod oscillating axially with a very small amplitude, and the dynamic rigidit,y and viscosity of the solution are calculated from the measured mechanical impedance. Ashnorth and Ferry ( 1 6 ) determined the rigidity of solutions of polyisobutylene from studying the propagation of transverse waves in several solvents as a function of frequency, temperature, and concentration. Nolle and Nowry (167) made measurements on the velocity and attenuation of bulk xaves in solid samples of high polymers by an acoustic pulse technique. The velocity was found from the change in echo arrival time when a sample is introduced into the sound path, and the attenuation was found from the reduction in echo intensity. Ivey, Mrowca, and Guth (114) also studied the propagation of supersonic waves in bulk rubbers. Sack and Bldrich (188)studied the elastic losses a t ultrasonic frequencies of elastomer sheets of different thicknesses. Hillier and Kolsky (106) developed a method for the investigation of the transmission of sound along filaments of high polymers. Tests were made of dynamic elasticity and damping factors of filaments 'ivhen unrestrained and when being elongated a t a constant rate of increase of strain. V-itte, Mrowca, and Guth (262) made measurements of velocity and attenuation of audiofrequency sound waves in thin strips of GR-I and GR-S gum stocks in order to obtain their dynamic viscoelastic constants. Shaw (208) gives a survey of the methods and machines used in the measuremrnt of resilience and classifies them as to types. Clouaire ( 6 3 ) made a systematic study of stress-strain curves for pure-gum natural rubber by means of a dynamometer for the purpose of examining hysteresis phenomena in rubber undergoing cyclic strains of very low frequencl-. For slow deformations and large amplitude the author states that crystallization is the most important factor, but for rapid deformations of small amplitude (vibration) the loss of energy results chiefly from internal friction ( 6 4 ) . Spath (220) presents some critical comments on the testing methods for impact resilience. He includes elastic modulus effect, dependence of impact energy, and the relation between resilience and hardness by indentation. Oberto and Palandri (168) describe two new methods of test for the evaluation of energy losses due to hysteresis. The samples are deformed, respectively, in shear and in tension. Mooney and Black (152) developed a hysteresis test which measures directly the energy loss per cycle of elongation. The force is measured continuously while the machine is in operation. Storey ( 2 2 7 ) gives an evaluation of the flex-life and heat build-up properties in the elastomers. h linear relationship was established between the state of cure, as measured by dynamic compression of the vulraniaates, and the flex-life and heat build-up properties of the vulcanixate. Wilkinson and Gehman (259) made hysteresis measurements 17-ith the Good;-ear-Roelig machine, in which the test piece, under compression loading, is oscillated mechanically by a continuously adjustable eccentric weight rotated by a variable-speed motor. The hj-steresis loop is traced by a beam of light from a system of optical levers attached to a dynamometer. The machine was found t'o be very versatile, and was compared with the Goodyear vibrotester, rebound pendulum, and flexometers. Cpham (241) compared resilience with abrasion resistance for vulcanizates of rubber, and came to the conclusion that one property could not be predicted from measurements of the other. Miscellaneous. Mullins (156) says that "permanent" set of a loaded vulcanized rubber is almost entirely due t o the way in
 
 259 which the filler particles are rearranged by stretching and is largely recoverable. It is therefore not a true property of the rubber molecule. Gavan, Schneider, and Abbott (88) improved a testing jig for a compression set determination of the American Society for Testing Materials (D-395, Method B ) . 1 description of the method of tear test now used a t the Rubber Research Institute T.S.O. a t Delft, Holland, has been given by Sijveld (164), who thinks this method should be preferred over a11 others. Buist ( 5 2 )studied both tear initiation and tear propagation. They are both important and determined by different types of tear instruments, and the methods for determining each should not be considered as alternative. Xeivman and Taylor (169) developed a microscopical method for the determination of the profile of the edge of rubber test specimens cut n-ith a die. The condition of the edge of the specimen is of verj- great importance in certain tests, such as tear resistance. Thirion (2.90) describes a device for the testing of the frictional properties of rubber. He gives the effects of pressure and contact area, sliding speed, temperature, surface moisture, tracks, and the conditions of the surface,. Conant, Dum, and Cox ( 6 7 ) e and illustrate a laboratory apparatus, technique, and emrnts of the coefficients of dynamic and static friction of tread-type compounds on ice. Their method is claimed to be capable of indicating with a fair degree of accuracy the tractive ability of a tire-tread compound on ice in actual service. Conant, Hall, and Thurman ( 6 8 ) de ibe the methods they used for studying the relationship between the Gough-Joule coefficients and the moduli of vulcanized rubbers of different t)-pes. ELECTRICAL TESTS
 
 Livingston and Porteous (132)give a survey of the methods for finding the dielectric power factor of an insulator. They then describe two new methods which may be applied either in the field or in the works laboratory for the testing of high-voltage insulation. Whitehead and Rueggeberg (252) present a method for the nieasurement of dielectric loss at high frequencies and under changing kmperatures. Alpers and Gast (2) developed a new method for determining the dielectric constant of materials in the form of small balls suspended on a torsion balance in a n electrostatic field of varj-ing frequency and varj-ing temperature. Schallamach and Thirion (192) applied measurements of dielectric loss to s~vollenrubbers from -180" to +70° C. and over a wide range of frequency and found that polar swelling agents caused maxima at two different temperatures. Scott, (199) found directional effects in dielectric properties of molded rubbers. He prepared his samples in such a way as to accentuate greatly the flow in a given direction during sheeting and molding. For some mixtures the dielectric values were much higher in one direction than in the others. Holzapfel (109) describes methods which he used in determining the dielectric constant, loss fact,or, and breakdown strength of silicone rubbers. Roelig and Heidemann (184) found a close parallel between the elastic and the dielectric properties of Buna polymers. They are able to estimate the styrene content of a butadiene-styrene polymer system by determining the temperature of maximum loss angle. Spath ( % ? I ) also studied dielectric properties of natural and synthetic rubbers along with rebound tests over a wide range of temperature. TESTS AT LOW TEMPERATURES
 
 An improved low-temperature brittleness test has been developed by Smith and Dienes (212). The apparatus is capable of handling five specimens simultaneously and can operate as low as - 130' C. Another new brittleness tester made by Scott Testers, Inc. (9),features small size and low weight for reasons of easy portability. In studying stiffness as applied to rubber, Stechert,
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 trical drives and electronic controls which regulate speed, roll adjustment, and other conditions. Walter (249) describes instruments in current use for the measurement of dimensions, weight, time, temperature, flow, volume, hygrometer conditions, and pH. Stolz (226) also describes the use and development of electronics in the rubber industry. Carlin (56) applies beta-ray backscattering to industrial gaging by means of equipment which consists of a radioactive source and a radiation detector. The degree of absorption or attenuation of the radiation of the material, which passes between these two parts of the instrument, selves as a measure of the weight per unit area or the thickness of the material. Oladko (170) has applied control-chart technique of statistical control of quality to the plasticity of rubber mixtures during processing. Gnaedinger (90, 91) analyzes chart-control data by statistical methods to shov the dependence of viscosity on various factors and the correlation between testing during processing and the testing of h a 1 quality. Schmalz (195) discusses statistical techniques in the rubber industry. Control charts gather data for study, analyze special data, and help to establish specifications. From them is obtained the maximum amount of reliable useful information relating to the influence of variable factors on processes or products at a minimum of expense. By means of a new meter Havenhill, Carlson, and Rankin (101) measured the electrostatic field strength and polarity of the charges produced during mastication of natural rubber and of GR-S. The apparatus shows promise as a new tool not only for process control but also for fundamental investigations on mastication, pigment dispersion, and even on concepts concerning the structure of matter. Behre (25), in developing a new method for the determination of the activity of rubber fillers, found a rough parallelism between power consumption and the surface area (or activity) of the fillers. Walter (248)describes and illustrates by means of photographs three new laboratory instruments for the rubber industry. The first is a combination mixer-calender, which can be used as a mixer with the cylinders on the same level, or as a calender with the cylinders shifted to one above the other. The second is a laboratory autoclave used for testing polymerization reactions or curing rubber mixtures. The third is a universal laboratory table containing a majority of the instruments used in a rubber laboratory. All these instruments are driven by a single motor.
 
 ( 2 2 4 ) came t o the conclusion that a fundamental measure of elasticity cannot be obtained in a practical manner by use of the A.S.T.M. tentative method test for stiffness in flexure on nonrigid plastics ( D 747-43T). He therefore is attempting to develop a new bending test and claims encouraging results. Because stiffening in rubberlike materials is probably caused either by actual crystallization of the molecules or by a secondorder transition, measurements of the temperatures of these transitions are becoming more popular. The National Bureau of Standards hascontinually been improving the technique of volume dilatometry and has recently applied it to the determination of these transition temperatures for rubbers (26). Lucas, Johnson, Wakefield, and Johnson (134) studied molecular regularity in polymers by this method of volume measurement. Kolb and Izard (121) used a density balance t o study transitions in higher polymers. Weir, Leser, and Wood (250) studied the same effects in silicone rubbers by means of the interferometer. Wiley and Brauer (43, 255-258) determined the temperatures of secondorder transitions by making measurements of the refractive indexes over a range of temperatures by means of a refractometer to which they adapted a low-temperature bath capable of reaching -120” C. Goppel and Arlman (14, 15, 93, 94) used an x-ray technique to measure the degree of crystallization in natural rubber. Stein, Iirimm, and Tobolsky (225) found that by measuring birefringence of polymeric materials a t different temperatures they noticed configurational changes in the region of the second-order transition. Springer (222) prepared a survey article on physical properties of natural and synthetic rubbers and their relation to structure, especially as to the brittle point. At this temperature anomalies occur in curves for volume, dielectric constant, rebound, specific heat, and elastic modulus. Buchdahl, Nielsen, and Revreault (60) studied the transitions of some high polymeric materials from changes in dynamic modulus and dissipation factor. Schulz and Riehnert (198) describe a method for obtaining tensile strengths of rubbers a t low temperatures, which gives information on the brittle points of the materials. TESTS ON SPECIFIC PRODUCTS
 
 The Adamson United Company ( I ) describes a “landing strip” for aircraft tire testing which is a flywheel having peripheral speeds up to 250 miles per hour. This testing unit was prepared for the use of the U. S. -4ir Forces. A British publication gives details regarding an x-ray apparatus ( 7 ) for the detection of cavities, cracks, and other flaws in tires. The physical evaluation of foamed latex sponge was the object of study by Conant and Wohler (69). They described methods for determining tensile strength, compression modulus, and fatigue resistance, and the use of the results of these tests in determining quality and comfort. Beatty and Cornell (22) describe the laboratory testing of rubber bearings. Smaller models are usually built for preliminary testing, but the final conclusions are always based on proving tests performed on a full-scale machine. Hurry and Chalmers (112) applied photoelastic tests t o rubber technology, and showed that it is a practical and reliable method for use in designing rubber products. The apparatus is inexpensive and the technique is simple.
 
 STATISTICAL METHODS
 
 Thornley (232) discusses various ways in which modern statistical methods may be employed to deal with typical problems in the rubber industry. Reference is made to the use of these methods for investigating the general accuracy of the various testing procedures. Mandel (140) wrote a paper on statistical methods in analytical chemistry in which he used as examples data obtained on water absorption tests on synthetic rubber and on the ultraviolet absorption of GR-S in methyl cyclohexane. Modern statistical methods have also been applied by Linnig, Mandel, and Peterson (181) to the design and interpretation of results in a study of a new complete-solution procedure for the determination of fatty acid, soap, and stabilizer in GR-S. Statistical methods in scientific experiments actually do not require vast amounts of data if the experiments are designed properly. Newton (160) has presented a paper on the meaning of test results. Laboratory tests should be improved so that their results correlate with those obtained in service, and also so that interlaboratory variation is reduced. The subject of errors is discussed.
 
 FACTORY CONTROL
 
 Control of processes in the factory is becoming more automatic. Oladko ( 1 7 1 ) has developed a calendergraph for the quality control of finished products. It provides a chart with which to guide the calendering processes. By means of gage measurements and automatic control of extruders Sanford (190) has been able to improve the uniformity of rubber covering of wire. An electrical control determines the speed with which the wire feeds through the extruder. Diagrams and descriptions ( 8 ) are given of elec-
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 WATER ANALYSIS S. K. LOVE, U. S. Geological Survey, Washington, D . C .
 
 THIS
 
 is the second reviea of analytical methods that have been applied to the analysis of water and reported in the technical literature. The first review (56)covered a 5-year period that extended through the early fall of 1948. The present paper covers methods published during the past year. Some of the original papers to which references are made were published earlier than the closing date of the first review but did not appear in abstract form, which is the source of much of the material in this report, until late 1948 or 1949. I n water chemistry, as well as in other branches of chemistry, analytical chemists are coming to rely more and more on instrumentation. Not only do modern laboratory instruments speed up the production of the chemist, but in many determinations they increase the precision and accuracy of the results. This is especially true of the various forms of photometers in the field of colorimetry. A word of caution, however, is offered for ineuperienced analysts. The instrument has never been made t h a t can be placed in operation and presumed to function indefinitely without attention. By their very nature most analytical instruments are extremely sensitive and require careful adjustment and frequent checking. The tendency of the inexperienced analyst is to trust implicitly the results obtained from a good-looking instrument. I n fact, the more impressive its appearance, the greater the tendency to accept the results without question. With proper care, however, and frequent calibration or checking against known standards, modern laboratory instruments can lead to increased production and greater reliability of the results obtained by the water analyst. SI LIC 4
 
 Very little was reported in the literature during the past year about the determination of silica in water. An analytical colorimetric micromethod was described by Verbestel, Springuel, and Royer (103) using ammonium molybdate. An accuracy of 0.05 mg. per liter, *lo%, is claimed. Silica in sea water is assumed to be present as silicate, according to Robinson and Thompson (81). The silicate is determined colorimetrically with ammonium molybdate. Standards are prepared from solutions of potassium chromate, buffered with borax, or picric acid. ALUMINUM, IRON, AND MANGANESE
 
 The indirect method for the determination of aluminum by difference in the R2O3precipitate ordinarily is not satisfactory for water analysis. Several direct methods have been developed using organic reagents, but in most of them iron or other cations interfere. Davenport ( 8 0 ) used 8-hydroxy-7-iodo-5-quinolinesulfonic acid (ferron) which forms a complex \\ith aluminum when buffered with acetate-acetic acid solution to p H 5 . The solution obeys Beer’s law for concentrations of 0 to 40 micrograms of aluminum in 25 ml. Iron interferes but may be accurately determined by spectrophotometric measurement of the same solution a t another wave length. A method for the direct
 
 precipitation of aluminum in the presence of iron, reported by \Tilson ( l o g ) ,may be applicable for water. The determination of iron in colored waters has often been unsatisfactory owing to the formation of complex ions with humic acids. Bezel (10) reported that iron can be released from the complex ion by baking the residue remaining on evaporation to remove the humates, and then determined in the usual n a y after dissolving in hydrochloric acid and oxidizing with hydrogen peroxide. Kaufmann (43)pointed out that such substances as hydrogen sulfide, thiosulfate, colloidal sulfur, cyanide, ferro compounds, cystine, and glutathion, even when present in small quantities, retard the oxidation of ferrous to ferric iron. Sulfite tends to accelerate the oxidation, while sulfanilamide, sulfathiazole, and sulfate have no effect. Small quantities of manganese in water were determined colorimetrically by Gad and Priegnitz (28) using the Volhard method. The manganese is oxidized to manganese dioxide by lead dioxide and adsorbed on the lead dioxide. The residue is treated with hot nitric acid, presumably to convert to permanganic acid which is compared with potassium permanganate standards. As little as 0.1 mg. of manganese per liter can be determined by this method. Harvey ( 3 4 ) used the periodate method to determine manganese in both fresh and salt water but developed a blue color b y using tetramethyldiaminodiphenylmethane (tetrabase) in acetone. C4LCIUM 4 \ D \I4GNESIUlV
 
 \Vhen calcium is separated from magnesium by precipitation as calcium oxalate, the coprecipitation of a small amount of magnesium is unavoidable. Studies made by Shvedov (90) using a radioactive indicator show t h a t coprecipitation can be reduced by control of temperature of solution, speed of neutralizing, and rate of stirring. The rapid determination of small quantities of calcium using picrolonic acid or its lithium salt with methylene blue was described by KIement ( 4 7 ) . A4brahamczik(3) and Pieters ( 7 5 ) reported the successful use of Titan yellow for the colorimetric determination of magnesium. Taras (97) used Brilliant yellotv for magnesium, but found t h a t zinc and manganese must be removed. H &RD\ E SS
 
 A method for the direct titration of hardness came into prominence during the year that appears destined to replace the longfamiliar but seldom-precise soap method. Strangely enough, very little information has been published on the subject. The method is based on the work of Schwarzenbach and iickerman ( 8 7 ) and Biedermann and Schwarzenbach (11). Betz and Sol1 (9) have published a summary of the method which tells where more detailed information may be obtained. The new titration method for hardness depends on the ability of the sodium salt of ethylenediamine tetraacetate to sequester calcium and magnesium quantitatively. Several dyes have been used to detect the end point. Accuracies approaching those nor-
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