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 Table I.
 
 Analyses of Butadiene by Infrared and Gravimetric Maleic Anhydride Methods Butadiene Butadiene Gravimetria Gravimetric Infrared maleic anhyInfrared maleic anhyBsmpla analysia dride Sample analysis dride % % % % 1 99.30 99.5 A 99.30 99.3 2 3 4 5
 
 97.20 98.87 98.90 99.43
 
 97.0 98.8 98.9 99.3
 
 B C D E
 
 99.1 99.2 98.7 98.7
 
 99.0 98.9-98.5 98.7-98.8 98.6-98.9
 
 6 7 8 9 10
 
 98.90 99.38 99.64 98.52 99.50
 
 98.9 99.0 99.5 98.6 99.2
 
 F G
 
 98.7 99.1 98.7 98.3 98.3
 
 98.7-98.7 98.8-98.6 99.0-98.8 99.1-99.2 98.1-98.398.4-98.4
 
 13 14 15
 
 98.87 99.42 99.53 99.30 99.60
 
 98.9 99.4 99.6 99.6 99.5
 
 99.1 99.2 98.7 99.0 99.1
 
 99.1-99.1 99.1-99.2 98.9-99.0 98.9-98,9 99.0
 
 16 17 18 19
 
 98.7 98.7 99.1 98.7
 
 98.9-98.6 98.7-98.7 98.8-98.6 99.0-98.9
 
 99.2 99.2 98.7
 
 98.9-98.5 98.7 98.7-98.8
 
 l12 1
 
 0.7000
 
 0.8OoO
 
 0.9006
 
 Log Deflection of Meter
 
 Figure 6.
 
 Work Cune for Butadiene Analysis DISCUSSION
 
 Beer’s law is an expression involving the number of moles present in the absorption path; consequently, an error will be introduced by substituting weight percentage for mole percentage in the work curve for butadiene. Other errors introduced through the differences in the extinction coefficients for the various impurities make it inadvisable to extend this method of analysis to butadiene concentrations below 90%. The 37 different high-purity butadiene samples shown in Table I have an average absolute deviation of 0.21% between the infrared and gravimetric maleic anhydride methods of analysis. Other studies revealed that the average absolute deviation for a number of infrared determinations made a t various times by different operators was 0.040/, while the gravimetric maleic anhydride method for the same series of analysis had an average absolute deviation of 0.17%.
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 L M N
 
 0
 
 A1 A2 A3
 
 The gravimetric maleic anhydride method requires from 5 to 6 hours as compared to the 10 minutes needed to make duplicate infrared determinations. As a result of its rapidity and precision this infrared method of analysis is particularly valuable for industrial work. LITERATURE UTED
 
 (1) (2)
 
 Avery, J. Optical SOC.Am., 31, 633 (1941). Barnes, Liddel, and Williams, IND.ENQ.CHEM.,ANAL. ED., 15,
 
 83 (1943). (3) Ibid., 15,659 (1943). (4) Brattain and Buck, J. Applied Phys., 13, 699 (1942). (5) Brattain, Rasmuasin, and Cravath, Ibid., 14,418 (1943). (6) McAlister, Matheaon, and Sweeney, Reo. Sci. Inst., 12,314 (1941 1 . (7) Nielson, O i l Gae J . , 40,34 (1942). ANAL.ED.,13, 1 (1941). (8) Wright, IND.ENQ.CHEM.,
 
 C O R ~ ~ B I J T Ifrom O N the Koppers Cornpanfa Fellowship on Coal Products Analysis, Mellon Institute, Pittsburgh, Pa. The procedure deaaribed in this contribution wan originally evolved for and applied with sueceas in the butadiene plant at Kobuta. Pa.
 
 Identification of Natural and Synthetic Rubbers H. P. BURCHFIELD Development Department, Naugatuck Chemical Diviaion,
 
 U. S. Rubber Co., Naugatuck, Conn.
 
 A method i s described for identification of the types of elastomers mod frequently encountered in the rubber industry. The Initial test depends on qualitative measurement of the pH and specific gravity of the pyrolysis producta. It can be carried out in a field laboratory in 3 to 4 minutes and will provide sufficient information for a classification of the sample.
 
 lations necessary for a complete analysis. The method was d e signed for the identification of soft-rubber vulcanieates based on the polymer types represented by natural rubber, Buna 5,Buna N, Butyl, Neoprene GN, chloroprene-nitrilepolymers, polyvinyl chloride, and polyvinyl acetate. Distinctions within types are not possible. The polysulfide ruhbers are not included, as they can usually be recognized by odor.
 
 THE
 
 Identifications made on the basis of physical appearance and flame tests are discussed by Kluckow (4) and Nechamkin (8). Mark (6)describes the application of some simple chemical tests such as those for nitrogen, chlorine, and sulfur. The chromic to acetic add is described by acid oxidation of natural Kuhn and L’Orsa (6): Burger. Donaldson, and Baty (8) de-
 
 use of synthetic elastomers as substitutes for natural rubber has given rise to B need for a rapid method by which thwe matefials can be distinguished from one another. The methods of identification available can be divided into two crows: those which deDend on the personal judment of the
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 Romeyn and a p lied to the testing of synthetic rubbers (9). Expements con%uctedin thii hhoratory indicate that Buns. N can be detected by the hydrolysis of the nitrile grou to an ammonium salt in the presence of sulfuric acid. The r e h v e resist snce of the h drocarbon rubbers to the action of strong o x i d i a i agents has a h been investignted, hut the results tend to vary widely with the type of compoundmg. Reliable result6 have heeu obtained hy the nse of a procedure which depends upon au approximate determination of the pH and specific gravity of the pyrolysia products. The tests are simple to apply and can readily he combined into a single test capable of distinguishing six of the eight types considered.
 
 4%
 
 I n the m e of natural rubber it b h o r n that volatile hydrocarbons are formed which do not condense under the conditions of the teat (7); the values obtained, therefore, depend upon a successful reproduction of the experimental conditions. The oil produced from Buna S sinks to the bottom of the test tubes in both solutions, while that from nstural rubber sinks iu solution
 
 I but floats in solution 11. Butyl rubber produces a white, di5cultb condemhle vapor and a small amount of a straw-yellow oil which floats on the surface of both solutions.
 
 I
 
 A sample of the polymer is dry-distilled under standardiEed conditions snd B portion of the distillate coUeeted beneath the surfaceof two prevrody prepared solutions. Solutiou I 1s yellow in color and is h a e r e d a t a pH of 4.7 with a citric acid-mdium citrate mixture. It contains thymol blue and bromothymol blue and the speci6c gravity is adjusted to 0.850 with methyl alcohol. Solution I1 is blue in color and contains sodium citrate and bromophenol biuc. The pH is adjusted to 8.4 and the meci6e gravity to 0.890 The color changes which the solutions undergo a t different pH values are indicated in Figure 1. The crosshhatched areas show the transition intervals. Table I describes the changes which take plaoe in the two solutions when the pyrolysis products from the substances considered are distilled into them. Buns N and other similar materials yield smmonia and amines in sufficient quantity to produce a green color in solution I. If solution I becomes red and solution I1 yellow, the presence of a compound containing chlorine, aueh as Neoprene GN, chloroprene-nitrile polymers, or polyvinyl chloride, is indicated. Polyvinyl acetate produces acetic acid and both solutions become yellow.
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 Table II. Specific Gravities at P5"/4' C.
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 Sever&lSddItlona tests are neeessrtry lor oommstory purposes and to distinguish between substances which f d in the same group. Buna N on pyrolysis produces smdl quantities of cy-
 
 B=A-.
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 VI
 
 Density Behavior of Condsnsate
 
 Buns .N...... Neoprene ON. Cblorogrene nitrile Polyme*. Polylnyl chloride Polyvmyl sest*te Buns S Natural rubber Butyl
 
 Butyl Natvralmbbar Buns 8
 
 ~
 
 which do not materidy affect the color of either solution. They BE distineuished from one another bv differences in the soecific gravities of their pyrolysis products as indicated by their behavior in the two solutions (Table I). Table I1 shows Some typical far the decomposition pmducts f, the values risk.
 
 Gum Rubber
 
 cured
 
 0.843 0.860 0.935
 
 0.842 0.873
 
 o . ~ a
 
 '
 
 The rubber IS bromm%ttedand heated W m phenol and tue melt diluted with chloroform. Natural rubber produces an opaque purple solution, Buna 9 a colorless to a faint purple solution, Neaurene a brown solution. and Buns N B colorless solution (9). These colors mrty he modified by the presence of soluble compounding ingredients, but the color produced from natural rubber is always recognizable. A colored tlaw chart showing the reactions obtained is useful for the interpretation of results and the instruction of plant operators. APPARATUS
 
 Yellow Yellow Yelion Yellor
 
 Sinks
 
 Floats
 
 E% Floats
 
 When only a few testa are to be made, the use of 16 X 150 mm. Pyrex test tubes equipped with glass condensing arm? is satisfactory. A Bunsen burner sdjusted to give a blue cone 18 a convenient source of he&
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 For large-scale testing, an electrically heated furnace of the type shown in Figure 2 is desirable. The well contains a metal casting bored to accommodate three 16 X 100 mm. uartz tubes. The de th is adjusted so that 4 cm. of the length of &e tubes project. !he temperature of the metal block is re ted by a rheostat at 530' to 550' C. Side arms made from yrex tubing, 5 mm. in outside diameter, having a horizontal length of 12 cm. and a vertical length of 6 cm., are provided. After completing a test, the residue is removed from the quartz tube by ignition and the side arm cleaned with carbon tetrachloride.
 
 P
 
 VoL 16, No. 1
 
 Buna S give pale violet to colorless solutions, but compounded samples give solutions ranging from a light yellow to a deep brown. It has been reported that as little as 10 mcc. of rubber can be detecestructive distillation of Butyl rubber yields
 
 DISCUSSION
 
 The tests described have been applied to various materiale including tires, tubes, mechanical goods, oil-resistant tubing, and gas tank linings. They have been successfully used to identify Solutions I and I1 are prepared according to the formulas and reclaims made from natural rubber, Buns S, Buna N, and Neothe specific gravities determined. They are adjusted with methyl alcohol or water to within +0.0005 of the required value. Twoprene GN. For routine factory testing, the initial pyrolysis promilliliter portions are placed in 10 x 75 mm. test tubes and kept cedure supplemented by the Prussian blue test is adequate. The tightly stop red prior to use. auxiliary teats described are of value when a referee method is Solution Eontains 0.5 gram of sodium citrate (2Na&&0~.desired. llHzO), 1.00 gram of citric acid .0.04gram of thymol blue, and 0.10 gram of bromothymol blue &solved in a rmxture of lo00 ml. A complete discussion of the limitations and interferences of methyl alcohol and 210 ml. of water. The pH is 4.7 at 25' C. would be too extensive for review, but a few specific examples are and the specific gravity 0.850 a t 25'14' C. of interest. Although the presence of citric acid and sodium ciSolution I1 contains 2.00 grams of sodium citrate and 0.01 trate in the test solutions ordinarily supplies s&cient buffering gram of bromophenol blue dissolved in a mixture of 780 ml. of methyl alcohol and 380 ml. of water. The pH is 8.4 at 25" C. action to prevent interference from minor amounts of compoundand the specific gravity 0.8900 at 25' 4' C. ing ingredients, the presence of large amounts of fabric in a sample The following reagents are re uire for carrying out the confirmatory tests: 5% ferrous &ate solution containin6 1 m ~ . may influence the result. In the case of Buna N, for instance, the initial green color reaction is not produced, and the sample of concentrated hydrochloric acid per 100 ml., 5% sodlum hydroxide solution, 10% hydrochloric acid solution, 55 sulfuric may be confused with Buna S. This difficulty can be overcome acid solution (by weight), a solution of iodine in car on tetraby &st removing the fabric or by applying the specific Prussian chloride containing 0.2 gram per liter, bromine, and phenol. blue test. Buna S samples compounding with 5 parts of a diary1 amine antioxidant were not sufficiently alkaline on pyrolysis to GENERAL PROCEDURE produce a color change. Similar compounds accelerated with The rubber js stripped from adhering fabric and a 1-gram 0.75 part of hexamethylene tetramine were also tested successsample placed in a quartz tube. A side arm is attached and the fully. tube placed in the furnace at 530' to 550' C. After about 1 An investigation of the reliability of the tests based on the difminute the sample begins to decompose. When droplets of condensate appear in the vertical section of the side arm, the end is ferences in the specific gravities of the pyrolysis products indidipped beneath the surface of 2 ml. of solution I contained in a cates that although compounds can be made up in the laboratory 10 X 75 mm. test tube. After 5 to 10 seconds, or when enough which do not fall within the scope of the method, they are not oil has collected to cover the surface of the liqmd, the tube is rerepresentative of the great majority of compounds which are enmoved and the process repeated with solution 11. The tubes are cooled for a few minutes until thermal equilibrium is established countered in actual practice. An increase in the combined sulfur and then shaken sharply to determine whether the droplets content tends to increase the specific gravity of the pyrolysis formed will sink or float. The colors of the solutions and. the product obtained from natural rubber. However, samples conpositions of the droplets are noted and the sample is classified taining 5 parts of combined sulfur can be tested successfully. according to the information provided in Table I. Low-melting asphaltic softeners do not interfere in amounts up to 10 parts. Mineral rubber does not interfere, as the rubber deCONFIRMATORY TESTS composition products distill over first. In making tests on comGROUPI. The presence of B p N is copfirmed by combjning pounds of this type, it is necessary to control pyrolysis temperathe contents of the tubes used in the h t m l test and adding 1 ture carefully, and follow the details of the procedure. The first drop.of sodium h droxlde solution, and 1 ml. of ferrous sulfa? solution. The t u g is heated gently for a m u t e and then acidiportion of the distillate which comes over should be tested rather fied with hydrochloric acid. If a fine green recipitate is formed, than that portion which is obtained on prolonged combustion. the presence of nitrile nitrogen in the origina? F p l e is indicated. Interferences from extenders in amounts greater than those stated The suspension appears green under the conditions of the test, can be eliminated by a preliminary chloroform extraction, or the owing to the preeence of the indicators. GROUP11. The Prussian blue test described abpve will distest can be confirmed by the use of the Weber color reaction. tinguish between Neoprene GN and chloroprene-nitrile polymers. The detection of mixtures has not been discussed. While A 0.2-gram sample of the elastomer ip shaken with. 2 ml. of many identifications can be made by the methods described, in iodine solution. If the violet color noticeably fades in 2 to 3 some cmes the analytical techniques involved are not readily minutes, the sample is Neoprene GN; if it persists, the sample is based on lyvlnyl chloride. adaptable to factory procedure. GROUP1% A 0.2-gram sample is laced in a test tube together with 2 ml. of 55% sulfuric acicfand warmed gently. If LITERATURE CITED decomposition occurs, the compound is based on polyvinyl acetate. (1) Am. SOC.Testing Materials, D297-41T. GROUPIV-V. To detect possible interference from the pres(2) . . Burner. V.L., Donaldson, W. E., and Baty, J. A., Rubber Chem. ence of asphaltic extenders in the test which distinguishes natural Tech., 16, 660 (1943). rubber from Buna S, a 0.2-gram sample is shaken .with 2 to 3 (3) Kirchhoff, F.,Kautdchuk, 4, 190-2 (1928). ml. of chloroform. If the chloroform darkens noticeably, the (4) Kluckow, P., Chem.-Zlg., 65, 109 (1941). test should be repeated on a sam le which has been extracted for (5) Kuhn, R . , and L'Orsa, F., 2.anum. Chem.. 44, 847 (1931). 4 hours with chloroform (1) anidried in a vacuum oven for 1 (6) Mark, H . , and Raff., R . , "High Polymers", Vol. 3, p. 37. New hour at 70' C. or equivalent. York, Interscience Press, 1941. To rovide a further distinction between natural rubber and (7) Midgley, T., Rubber Chem. Tech., 2, 441 (1929). Buna the Weber test is of value. A 0.1-gram sam le is laced (8) Nechamkin, H.,IND. ENO CHEM.,ANAL.ED.,15, 40 (1943). in a test tube and a drop of brormne added. The tu%, is Eeated (9) Romeyn. H.,unpublished work, General Laboratories. U. S. gently without charring the contents and the excess bromine reRubber Co., Passaic, N . J. moved in a current of air. The sample is then covered with (10) Weber, L.E.,Ber., 33,791 (1900). phenol and heated gently for a few minutes. After cooling, 10 ml. of chloroform are added, An opa ue purple solution is PBEUENTED before the Division of Rubber Chemistry, AMERICAN CE~MICAL formed if natural rubber is preaent. Extracted samples of SOCIETY, at the New York Meeting, April, 1944. REAGENTS
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