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 Natural and Synthetic Rubbers NORITAN BEKKEDAHL .’Vational Bureau of Standards, Washington, D . C .
 
 T
 
 H I S 1s the third of a series of revie, articles to appear in this journal on analytical methods pertaining t o natural and synthetic rubber. Although the first review (15) covered only rhemical methods, the second (13) was broadened t o include physical testing. The present review covers both, and refers to articles appearing in the journals for the year ending about October 1950. Like the previous revien, it omits test methods applied to compounding ingredients and to materials used in the manufacture of synthetic rubbers. It does not in general refer to procedures t h a t are more concerned with problems of fundamental research than with testing methods. I t is also restricted to procedures which have already been applied to the analvsis and testing of natural or synthetic rubbers, rather than to general proreduirs which may find future application in this field.
 
 GENER4L INFOR&I.iTION SURVEYS
 
 Besides the review papers mentioned (13, I C ) , several other surveys also appeared within the past year. I n a series of review articles on chemical engineering materials for construction purposes Fisher (62) covered the general field of elastomers and Peters surveyed (151) t h a t of hard rubber. Both authors referred chiefly to those properties of the materials which are important for purposes of construction. Kreuter (103) presented a review and discussion of the testing methods used in the rubber industry, and included representative recipes for testing ruhher vulcanizates. At the Second Rubber Technology Conference held in London, the testing papers of which were reviewed last year ( I S ) , an open discussion \vas held on the standardization of methods for measuring tensile strength, hardness, abrasion, and tear resistance of vulcanized rubber (41). In the latest “hnnual Report of the Progress of Rubber Technology” Drakeley (45) wrote the chapter which covers physical and chemical testing of rubbers and latices. The Fifth Foundation Lecture of the Institution of Rubber Industry was presented on May 10, 1950, in London by van Rossem (163-165). I n his lecture he discussed the properties of natural rubber as a raw material, including its variability, and the need for standardization of methods for evaluating its qualities. In an exhibition of scientific instruments and equipment the Institut Franpais du Caoutchouc (110) displayed the developments of its technical department for the first time. Included were the rebound meter, a viscometer equipped with spheres, a modulometer, an abrasion tester, a consistometer, and a stabil-
 
 ometer. I n a “photo story” the Firestone Tire and Rubber C‘o. (171) described its developments in the field of testing, which included a ring-modulus machine for evaluating modulus characteristics of cured rubber samples, a densimeter for measuring the specific gravity of materials Tvhich are plastic a t room temperature, a hand-held penetrometer for measuring hardness of cured rubber compounds, a flexoineter for measuring heat generation and fatigue in rubber and rubher-fabric composition during flexing, and a plastometer which evaluates the plastic flow characteristics of unvulcanized stocks 11vestrusion. BOOKS
 
 Barron (8) published the third edition of his “1Ioderii 8ynthetic Rubbers.” Maffei and collaborators (120) prepared a book in Portuguese on the technology of rubber, which was based on a series of lectures given under the auspices of the SBo Paulo Rubber Manufacturers’ i\ssociation and the Institute of Technological Research. I t is excellent as a text for purposes of student training, and contains chapters on the physical and chemical testing of rubbers and on specifications for rubber goods which are based on hmericari and British standards. Houwink (77) published Volume I, General Theory, of the series on “Elastomers and Plastomers.” Rubber Age (177) in late 1949 came out with another revised edition of its popular “Rubber Red Book.” Dawson and Thomsett (49)prepared in mimeographed form an “Annotated Comprehensive List of Trade Yames of Synthetics,” which contains a n alphabetical listing of substitutes and extenders for natural rubber, synthetic rubbers, synthetic resins, and plastics. This comprehensive collection of over 8000 entries should ease considerably the troublesome problems of dealing with trade names and also with commercial and technological terms. Although LeBras and Delalande’s new book in French, “The Chemical Derivatives of Natural Rubber” (for),is not so closely connected with the testing of natural and synthetic rubbers, it deserves mention here as the only book of its kind t o describe natural rubber derivatives comprehensively. STANDARDIZATION
 
 A.S.T.M. Committee D-11 on Rubber and Rubberlike Materials issued its latest book on standards (S), which includes over 100 methods covering all types of testing on rubber products. A report of the committee (4) lists the various proposed changes in the standards together with some new additions. The
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 244 British Standards Institution ( 2 9 ) revised its 10-year-old bulletiii of standsrds, B.S.-903, co~iiposetlof met,hods for testing vulcarii z t d rubber. The new issue has been greatly enlarged to include syiithctic as well as natural rubber. Each method or group of clostaly related methods is uoiv in effect a self-contained docuni(,iit, anti is accordinglJ- given a distinct,ive number appended to th(,main number 903. Tlic German Verein Deutscher Ingenieuw (V.D.1.) (209) has iusucd directions for the formation and application of rubber parts, :ind refrri to the D.I.9. and V.11.1~~. spccitirations covering ruhlwr goods. I)cxfinitP progrcxss srcms to 2i:ivc. tieen made at tht. Srptcrnlx~r 1949 meeting of the 1ntern:ttional Organization for Staridurdizatioii, Technical (’oniniittw 45 on Rubber (31, 79, 1,56, 186). \vliic*Ii held at Tht, Hague. Buist ( S I ) , Powell (1,55), :iii[l Scott (1&5) give consitict~:ible di’tiiil as to the agrcenieitts olrt:tinetl a t The H a g u ~in tests oil t80:ir, hardness, abrasion, atlh ( 4 i i i , and aging. Thr :icc~oiiiplishnientsof a latc~t~ riicctiiig I J ~ thc. ronimittee held iii =\kron, Ohio, during 0ctol)c‘r 1950, haw, alsci hcen cnumeratrd (1;6). -kt this meeting the delegates (lisc u s s t d Iinrdness, ttwsioii, tclar strength, ply adhesion, aging, :kI)r:ision, and flex cracking. a s \ w l l as the testing of rut)\r(hrl;itc,s. : r i i t l tho new French system of grading raw rub tic^.
 
 ti~ansientblue-green coloration, which is rapidly succeeded by :in orange-bromi color. In the second procedure the bloom is ground with Schonberg’s reagent, benzylimidodi-(p-niethoxyphenyl)-methane, heated to 210”; and treat.ed 1vit.h a few drops of benzene. A blue coloration indicates the presence of sulfur. On addition of a. mercuric chloride crystal thr ccilor slowly fatit,s. %:il :tssuincs :I red or orange tint. Poulton a i d Tutinicliffe (154) describe a niet,hotl for the t l r s termination of copper in rubber, lvhich is much simpler t1i:rn thosc~ usu:ill!- recommended b y the standardization org:iniz:it ions. Thtt?. recommend a careful dry-ashing procedure Cor thcb wmoval of orgiinic niateri:il in plare of the wet-osit1:ttioii method t r c a u s e of the s:iviiip of time. T h e influence oi iron (’:in i ) t a t~liniiriated nic~:isut~ingthe opticd density of thr c~:trk):im:ttt~ t.r~mplrx i n aohtion of r:rrbon tetrachloride hefow and :iftc>r t rc~ttment with potiissiuni cyanide, which conipletc~l~. reinover tlira 1)rorr.n co11)rdue t o c ( 1 p p ~ :xlone, r If the iron conrentr:itiolt ir not high. thtx -inil)lifietl and more r;ipid procrtlure is ~iiggratrtl, i i i \vhich t h r C O ~ ~ ) P tlirthyl Y ciittiiocar1~am:itc. complrx is f ~ i r i i i ( ~ l fr(in1 the sotliuin coni~iomidin an aqucour nicdiuin. S:iugIitr)ii : i i i d Frod!mn ( 1 3 8 ) tieicrilx: :i mc.thotl : t i i d : t p p i i ’ : i t u s for tht’ i ~ i i c ~ ~ o d r t e r m i ~ i : t~ft i ocartion ~i :md hydrogen in 0 1 ’ g:iiiic conipountii whirti ciin tie completcrl i n 16 minutes. Thv siiii1)Ie is 1)ut~iic~l i n :t modified t’rrgl appiratus, and the \r-:itc>r c t i E l 1ICAL AX:\ LI-SI s v:ipor and thc. c:irl)on tlioxitle :ire rollected in a dry ice tritp : i n d :i liquid air tr:q). wspertively. .kfter the excess oxygen is putnpcd TJir old Weber test for the chemical identification of natural out, these g:iscs i ~ r enic:isured m:rnonwtrically. Thc. accnixi’y rul)l)cr has been redescribed in i~ somewhat modified form l)y olitairied is claimed to I)r w r y good. St,rBrii (199) because of its increased importance since the iritro.Imethod for the detrriniiiiition of ircr c:irl~onin cured rui)l)er tluc~tionof synthetic rubbcrs. Sitschc and Toeldte (146) idenstocks is described \)y Iiolthoff and Gutmacher (101 ) ; the saml)ltt tify x i i d characterize subst:inccs of high molecular neight from is soltened iri tioiling p-dichloro~)rrizen~, before treatment \vi t h t(9sts on solubility bc1i:ivior and precipitability iti different I ~ ~ . i - l ) u t ~ l h y d ~ o ~ e rino sthe i d epresence of osmiuin tetroxide. So giwups o f solvents undrr definite conditions. The rates of soluilifficult,ies are encountered in filtering the carbon. So c o r r w tiun in st,andard and ausiliury solvents are noted, a s \vel1 as tlira tion factor is used. The method has t)cen :Lpplietl succrs-fully t y [ r ~ t precipitate, ’ :ind wlicsthcr or not the latter redissolves in to GR-S, Butyl rubber, uiid neoprene. 8 1 1 ( ~ S ( Y ~ Rof S solvent. Thih61~6(.@’) subjected various rubtwr method therefore not convenient! a semimicro digestion tec-hcoloriiig agents t o infrared anti ultraviolet light, and found sonic nique be u w l , and the nitrogcln content bc determined coloriiiitciwting methods for thc’ir itlc1iitific:ition. inet,rically. Siir:iyanan (13.9, 134) tlcsc~rit)c~s t h c ~procedures usrd for the II:irris, Smith, aiid llitchell (68) have modified the [-literniorc roinmon quantitative cahrniic~altests on rubber and latex, zauchcr niethod for the direct quantitative determination of and :ilso iiicludes sonie of the l t w common tests, such as loss of oxygc~ii in organic materials. T h e oxygen is converted into wc4ght o f crude rubber 011 wishing. c:~i-I)o~itiionoxide, which is determined quantitatively by inearis The 13ritish Standards Institution describes the quantitativt. of a therind conductivity bridge. giving continuous recordings cstimaticii~of free sulfur in rul,l)c~i,t>y the copper spiral method of potential during the course of the pjwlysis and convrrsiori (%(I), in which a strip of c o p p s r gauze is placed Kith the a c e t o w reartions. in the extritction apparatus: thc. frw sulfur is allowed t.o coml)iiie Dowden (4.g j finds that a potentiometric tleterminatioli of with thr. c o p p r to form a sulMv. which is then analyzed for zinc oxide iu rubber is a much simpler procedure than that a-hicli sulfur eontent,. Mann (123) niatk~;in examination of t h r response of the copper spiral method t o pure sulfur-co~itainiii~ requires an outside indicator t o find t h r t,nd point of t h e titration. I h r i n g the pot:tssiuni fci~ror~~;initlo titrxtioii :t p1-i riic’tc’r accek1r:itors and to extracts from vulcanizates. He concluded is used, with pl:itinuni iiiitl conrt:int:i~i \virw : i s electrodes. th:rt thc presencr of ccrtain accc~lcixtorsmay lead to error, but Poulton anti T:irrmit (I:?$ ) URC :I po1ai~opr:ipliic.nit~thod dvtc.rt h a t this error id uw:illy Icss t h a n th:it obtained n-ith othi.1. mining the quantity of zinc i n compountlrtl r i i 1 ) h ~ . In their 111et Iiotl,.. method thc operations :ire contluctcd in :in ;ivid nicdiuni i n order When usitlg the (:t,citcx mnihustion microniethod for the tieo f ziiir by phwt o eliminate in:icc.ur:ic*iw duc~t o co~,~c~c.i~~it:ttiirrr terniin:ition of aull‘ui~,\T-:tltcli, (212) prefers a different method for phates originally in t h rulibc~r. Thc 1 1 ~ method 1 ~ is applicnlile d~tc~rniining the end point of th(3 titration of the sulfat8eby meitiis over the c,oinpl(~tc~ range within \vliirli zinc- is likely to ocrur i n of staiid:ird barium c*hloiick. Instrad of using the usual iiiteriial ruhber. visual indicator. hr dc~tcrmiiic~sthe end point bl- means of :I Tryon (206) ni:ide iiiil)roveiiieiits in the :illparatus for the photometric method. Iic.znik (160) describes a met,hod for the determiriation of small quantities of moisture in rubber by the microtict~rminationof sulfur in vulcnnized ruhber b y fusion n-ith azeotropic nicthod of distillation, using toluene. I& improvepot:issium in a s:ealed capillary. The potassium sulfide is osiments not only inc.rr;ise the precision of the method but also tiizcd with excess iodate and tiack-titrated with t,hiosulfate. greatly speed up the procedure and make i t inore convenient f o r Galloway and Foston (56) drscrihe t x o methods foi, determining operation. the prewnce of elemental sulfur in minute quantities, such as in Maffei and 0ut:i ( 2 2 1 ) developed a new method for deterniin“I)looms,” because these methods are not well known in the ing quantitatively the amount of rubber in latex. Potassium ruhber industry. In the first method the bloom is treated with bromate, potassium bromide, and hydrochloric acid are added t o sodium hydroxide and pyridine. The presence of sulfur gives :I W.Q
 
 V O L U M E 23, NO. 2, F E B R U A R Y 1 9 5 1 the :tqueonx dispersion, :tiid the excess bromine is titrated with potassium iodide and sodium thiosulfate. The results agree very well with the coagulatioii method. This procedure can also be extended t o thc an:iIysis of solid rubber by dissolving it iri carhoit tetr:ichloride iiiitl t h r n forming :tn aqueous dispersion t ~ iti with t,he aid of Ixntonitc.. I,ce, I.. This trend \\-:is truc iiot only for thv outcloo~.aging I J U t : i l s ~for :tir-oven aging t o 1.50" (', This loss of c.long:itiun. iion.c,vc,r. w:rs not iril!. indicative of sliort-life servirc,. lihof ( 9 s ) analyzed vnriou.* t y p 01' iw-laini lor ti:tr.tlric~ss, :rcetoiic,-solubles, c,hloroiorin-solul)l~,~, :ish, rul)t)c~r-hytlror:II.l,oii cont(Jtit. and 1ieh:tvior on air-aging :it 100" (:. l i e concludetl T h t the propert)- Fvhich gave hini the I ) w t indic:ition of the true r:iluc of a reclaim is its aging :it 100 ( ' . \-ewtoii and \Vake (1.$.?1 tlescritw :iii :il)i):ir:ttiis : i d hpecial tcchnique in which they measure thr, iricrc~awi n Iwnding niotlulus of thiii slitlets of rubber c:xpoaetl to air and light. They studied tlic' effect oi' different wave lengths of light on light stiffening antl rurface mizing, : i d comparetl thcir t w t s \\-itti the convrtition:+l rcr:itch : i d folding tests of proofing. They concludetl that the modulus test \vas niuc11 more nc>nsitiveant1 would detect changw loiig lrcsfore the other methods. Thry were ciiJ1e to mcawrr the stiffeniiig of the rubber sani~iles\\-ittiin on(^ week. Sotien : r i d i\':ilce ( 1 9 6 ) studied t h e deteriomtiun of rubtxr iintlcsr the influe i i r t ~of t h y und nioirt heat, in d d i t i o n to Iwing d r j e r t e d t o light. Rul)l)or articles and proofirigs w r r Y! t o tropic:il ii t nios1)hwic condition,< and the results ol' thc q i i i g t w t s wrre conip:irrd Ivitli those. o1)t:iiricd i'loni :iging i i i ov(1iis u n d t ~ rhot11 moist aut1 dry contlitioiir. Thc~iwulth of the, tcw; (lid not I)liice the ruhlicrs in tiit, s:tine order. I t is tlicwiow II(WSS:L~!~ to expose the samples t o suitable light ix(li:ttioiis :is :i part ol' m y :iccc-Iorated "tropical" test. \-iliain (210) studied tlir :ic-tion of c'upp('I :inti its tIc~rivutive* on the aging of rubber. 111 his trsts hc* u r d t h r (;err OVC'Ii :it 70" C., t h r oxygen bonit) at 20 kg. ~~~~r q.cm., oxygen :thorption. a n d ii:rtur:il :igiiig (8 months). using tcaiisilc strength as the criterion. He concluded tliiit :ilthougii most copper compounds are pyro-osygrnic agents and accr1w:itc the aging, copper may ttlso appear in iioritirletrrious forms. The same copper coinpound may, of course, h a w n tliKerent, eKect on different rubbers, depending on the rliemir:il composition of the compound. LATEX \-an Gils (6,")revieived the common tests performed on lates and st,ressed the necessity for universal standardization in the standard. procedures. T h e newest nnnuttl issue of the -4.S.T.31.
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 246 ( 1 ) contains for the first time procedures for tests and specifications for concentrated creamed or centrifuged latices. For the test on mechanical stability of the latex an apparatus is specified which makes use of a high-speed stirring technique. I n the United States such a n apparat,us has been designed by the Firestone Tire and Rubber Co. and is being produced t)y the Precision Srientific Co. ( 1 7 4 ) . I n France a similar apparatus was designed by the Institut FranCais du Caout,chouc ( 1 2 6 ) and is known as the I.F.C. stabilometer. The use of the potassium hydroxide numbe fication for the chemical stability of latex is strongly objected t o by van Gils (63). He says that there is no correlation between the potassium hydroside number and zinc oxide stability test, and therefore advocates the use of both tests to get the whole pict,ure. Hayes ( 7 1 ) studied the stability of compounded lates by t,hickening esperiments with zinc oxide, and showed t h a t the maximum thickening effect takes place when the zinc oxide concentrat.ion is less than 1% of the dry rubber content of the latex. Gelation tests with sodium silicofluoride indicated that the curve of the p H cs. zinc oside concentration is closely related to that' of the viscosity t's. zinc oside concentration, and he proposes a t,heory to account for the maximum thickening effect. By successive creaming operations with incremental additions of ammonium alginate Schmidt and Kelsey (183) were able to separate Hevea latex into separate fractions, and thus determined a correlation between particle size and alginate concentration. Researchers a t the Indonesian Rubber Institute (239) have been able to separate Hevea lat'es into white and yellow portions in stable liquid states, each having different properties. Mcllullen (118) developed a n apparatus and technique by which it is possible t o extract latex from the tree under completely aseptic conditions and in the absence of osygen. He \vas able to manipulate a tapping knife inside a steel body so as to penetrate the lates vessels of the tree under vacuum-tight conditions. T h e preparation of lates under sterile conditions such as this should enable one to study the mechanism of natural coagulation and also the deterioration of latex under ordinary conditions. Bachle (6) studied the drying speeds of lates films and confirmed earlier conclusions that the temperatures should not be too high because of formation of bubbles in the film, that drying takes place in two phases, and that drying is slower in the presence of moisture. He also found that filler content has a decided effect on the rate of drying. Blevins, Wright,, and Leonard ( 2 2 ) improved the casting of elastomeric test films from latices, and obtained flaw-free films by casting against a surface of gypsum so as to obtain drying from bot,h sides of the film. McGavack and Bevilacqua ( 1 1 7 ) studied the absorption of oxygen by ammonia-preserved latex and showed that the addition of less than 0.2% of oxygen on the total solids of the latex lowers the Mooney viscosity of the resulting rubber from 110 to 40 units, with indications of still lower viscosities with further additions of oxygen. They conclude, therefore, that it is extremely important that the user or seller of latex should clearly understand to what extent his latex has been exposed to oxygen.
 
 UNVULCANIZED RUBBER MOLECULAR PROPERTIES
 
 The characteristics of macromolecules and their size, with many references to previous articles on the subject, have been the subject of a paper by dePonte (152). Clement (58)describes a n apparatus and osmometric technique for the determination of high molecular weights and polymolecularity of high polymers. T h e design of his apparatus is such that the osmotic pressure exerted on the semipermeable membrane presses i t against a grill, thus eliminating the effect of ballooning. T h e fractionation of natural rubber by means of organic Eolvents has been the subject of revieiv and discussion by Belinas
 
 ( l e ) ,in which he points out that the knowledge of thP nature of sol and gel fractions has become more precise and that the molecular weights vary from 9000 to 300,000. Gavoret and Magat (57, 58) developed a rapid method for the deterniination of niolecular weights of high polymers to a n accuracy of within 10% by means of measuring the precipitation threshold. n'ith alcohols as a precipitant it {vas possible to determine the molecular kveights of narrow fractions. LBger and Gigubre (109) found that the molecular weight distribution curve for GR-S by the coacervate method was very similar to that obtained by fractional precipitation. They observed a sharp peak in the curves a t a value of about 40,000. Cragg and Simkins (40), by intrinsic viscosity measurements on five fractions of GR-S, determined the effects of chain length and various solvents on the viscosity-temperature coefficient. They found the coefficient to be positive for poorer solvents and slightly negative for the better ones. Benedict, Brooks, and Puckett (17 ) fractionated resin-free rubber from guayule plants and found it to vary in niolecular weight, depending on the part of the plant from which it was obtained. -4s guayule rubber contains from 1 to 2% of rubber hydrocarbon wit'h molecular Lveight of from 2000 to 20,000, which is soluble in acetone, Rleeks, Banigan, and Planck ( 1 2 7 ) report that' the usual method of determination of resins by acetone estraction gives false results when applied to guayule ruhber. Rochow and Rochow ( 1 6 2 ) esamined the molecules of silicone rubber by means of the electron microscope technique at 10,000 to 50,000 diameter magnifications, and found their molecular weights t'o be of the order of about 300,000. The values ohtained by this method agree with those by osmometry. Gehman (60)emphasizes the value of infraredabsorption spectra and s-ray diffraction for determining the molecular structure such as cis and trans configurations and also crystallization. By infrared analysis and also by methods of separation by solution, Schlesinger and Leeper (181, 186) found a single chiclr plant which produced a product consisting of a mixture of caoutchouc (cis) and gutta (trans) forms of polyisoprene. This o h e r w t i o n disproves the popular belief that a single plant species produces only either the cis or the trans form of polyisoprenr a n d not mixtures of the two. Koch ( 9 7 ) applied spectrographic methods to studies in vulcanization. He was able to follow the chemical transforniation of accelerators to their products in rubber compounds, to identify sulfur linkages in cross-linked polymers, and to prove t h e participation of a free-radical mechanism in the vulcanization process. Hauser and le Beau (69) used ultramicroscopy by incident light to study the morphological changes which occur during vu1c:inization. Madorsky ( 1 1 9 )pyrolyzed samples of various synthetic ruhhers a t temperatures from 350" to 450" C. and a t a pressure of 10-'3 mm. of mercury, and separated the products into two solid fractions, two liquid fractions, and a gaseous fraction. I n this way he was able to study the mechanism of chain rupture. Campbell and Allen ( 3 6 )studied the crystallinity of high polymers by direct observation wit'h the polarizing microscope. Their results check reasonably well with those obtained in dilatometric studies, and are believed by the authors to be more sensitive than those obtained from measurements of x-ray diffraction. Wiley, Brauer, and Bennett (215) continued their researches on the refractometric method for the determination of second-order transition temperatures in high polymers, and by applying good insulation to their Abbe refractometer they extended the lower range of temperatures to -120" C. Ichimura (80) theorizes on the cause of the second-order transition of natural rubber as evidenced by specific heat measurements, while Kikuchi presents his theories on the crystallization (90) and melting (91) of rubber. Both authors used data of other observers published several years previously. Mayo (12-5) shows t h a t crystallization can cause changes in results obtained from tests on physical properties
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 V O L U M E 23, N O . 2, F E B R U A R Y 1 9 5 1 such a,c stress-strain, hardness, and compression set. hleasurements obtained by means of x-ray diffraction are correlated with the result,e of the other tests. Fos, Flory, and llarshall (55), in their st,udies on the thermodynamics of crystallization in high polyniers, found t h a t the critical cxloiigation for incipient crystallization in stretched vulcanizcd rul)l)er, as determined by density measurements, i,q dependent o n the temperature. Cry+ t:illiaation was found t o set in :it t i n clongation well below t h a t a t ivhich the stress-strain curve apsuiiies a steep slope. The thermodynamics of rubberlike elasticity has been the sul)ject of discussions hy several :iuthorr;. Ishihara (86) presents ;I statiPtical theory on the network structure of ruhherlike elastioit 1.. Katz (88) givrs a thermodynamic analysis of oneconiponent and two-component el:istic systems, and states t h a t r h c x l):isic hypothesis of thv kinc,tir throry of rubber elasticity I ( ~ a dto~ conclusions which are thc,riiiod!.riamic.ully impossihle. H:ir,tmev ( 9 ) gives relationships l)(+\r.rc,n thermodynamic properties for the ideal rubber, and states that the analogous equations of \\.iegantl, Snyder, James, and Guth, :ind others are inexact. 1,ocIe (112, 113) believes that thcs tlworiw as developed by liIeyer, l < u l i i i , IYaIl, and Treloar do not c:spl:iin all the phenomena of 1 new approach to the ruirlic~rlikeelasticity and therefore t a k sul),jrct, Thirion (202) states that thew is a rlose relationship h e t w r n the structure of rul)twrn a i i t l mechanical properties, and 1)c~lic~ves that in the futurt. rese:irch methods involving instruni(xnts such as x-rays, electron diffraction, and electron microsrope will play a more important rolc. Scott and Magat studied the thrrmotlynamics of solutions of higli polymers. Solvents : i d polymers were first classified according to “density of internal energy,” which permits a prediction of their solution properties ( 1 2 2 ) . When the polymers are cross-linked, however, tlie soluliility is zero, and a study was ni:itle of the swelling characteristics of the vulcanizates in different solvents (189). \.ISCOSlTY
 
 :\reording to Penn (150)) most ~l the vnriability of rubbers is caused h y the variations in their molecular xeights. This author believes t h a t the llooney vkcosity value can be taken a s a n indication of the molecular nc+ght. Eccher ( 4 7 ) describes a cylindrical rheometer of the Couette type which is suitahle for t,he esperimental determination of the relationship hetween the r:itC of shear and t,he shear-stress of ruhhcr itnd rubber compounds. 1 3 1 0 ~and Schofield ( 2 3 )point out both the advantages and the tlisadvantages of the shearing-disk viscomctcJr, and make measurement? o n the stress-relasation of unvulcanized rubber by means of the 11ooney instrument. They report t h a t the recovery of (21%-Sand natural rubhers as measured by the Moonep viscometer correlates fairly well with rerovrxry measurements made on :I par:tllel-plate plastometer and also obtained from shrinkage measurements on the rubbers after milling, calendering, and extruding. Conant, Hall, and Lyon? (.39) studied the equivalent effects of time and temperature i n t h r shear-creep and recovery of elastomers, and set forth a n esplicit relation for t,he timetemperature dependence of the viscoelastic phenomena in polymers. Kilhourne, hlisner, and Fairchild (,9,3) studied the plasticity of various types of reclaimed rulhclrs as measured by various methods, such as Williams’ parallel-plate, Mooney shearing-disk, Firestone extruder, laboratory niising, and factory processing in Banbury. T h e y concluded that the .\looney instrument gives the most precise results. 1Iilling actually measures some property other than plasticity. S o single test can replace both milling and Mooney measurements, and when these two tests are used in conjunction with one another the maximum amount of information is obtainable as t o the processibility of reclaimed rubber. I n the latest standards of the ;\nierican Society for Testing Natcrialr; the use of the shearing-dirk viscometer is described in
 
 determining curing characteristics and in evaluating scorch properties ( 2 ) . Somerville and Maassen (197) studied scorch characterist,ics as determined by the Moorley a t various temperatures, and recommend the use of a higher temperature, 250” F., as very near the ideal for most compounds. Measurements made below this temperature are too time-consuming, and those made above this temperature cause the reaction t o proceed too rapidly for proper det,ect,ionof t,he scorch. Gliknian, Vladykina, and Perepelova (66) claim t h a t methods involving capillary flow and rotation are unsuitable for the determination of apparent viscosity of elastic high-polymer solutions, and recommend a method using falling spheres for the churacterization of structural viscosity and thixotropy. Kolya :tnd liehinder (98, 8 9 ) measured the viscoelastic properties of rubl)er solutions by determining time dependence of the shearing suspended hy a twisted vertical torsion wire in an outer cylinder containing the rubber solution. A4rotational viscometer manufact.ured by the Precision Scientific Co. (%), Chicago, Ill., produces consistency curves for viscosity instead of single point measurements. It consists of a rotating sample cup and a stationary bob immersed in it. T h e viscous drag on the bob is imposed on a coil spring which is twisted through a n angle measured on a calibrated disk. Willenberg and Fritz (218)designed a new viscometer which is adaptable t o very heavy liquids. It consists of two cylinders connected by a capillary and two loaded pistons, the liquid being forced either \yay through tlirb capillary. Brstul arid Relcher (18) studied the flo\v Iwhavior of conrentrated GR-S rubber solutions, and give an equation for representing the flow curves which involves actual shear rxte at visconietrr w:iIl, shearing strain, and two c0nst:tnt~. SIISC I.:L L iYEOU S
 
 Van Iiossem and Hoekstra ( 7 $ , 166) studied the mastication of natural rubber by several different t>pes of plasticity measurements. Plasticized rubber was found t o harden slowly. Storing rubber a t elevated temperatures causes hardening for the first few days, ttnd t h r n a slow softening. Exaggerated mastication of ruI)l)er decreitses the tensile properties of a vulcanizate made from it. S o correlation was found, however, between the viscosity of the ruhller before plastication and the modulus after vulcanization. 1 3 1 0 ~ and \Toad ( 2 4 ) st,udied the mastication arid compounding of natural rubher in a n osygen-free atmosphere, and confirmed Cotton’s and Busse’s experiments, which shoived t h a t very little breakdown of rubber takes place in the absenrc of osygen. Xood and Fanning (219) found t h a t extraction of the resins from guayule rubber can be accomplished more efficiently if mastication of the rubber takes place during the extraction. For this apparatus they made use of a n adapted laboratory internal miser connected to a continuous estraction apparatus. T h e problem of preventing the fingers of a mill-roll operator from being trapped in the nip of a horizontal t b - r o l l mill became of interest to Lunn (114), who made a mathematical and theoretical st,udy on the safe-working areas of mills. H e concludes t h a t the safety area increases as roll diameter increases, but t h a t the absolute safe area is restricted. It can he defined, provided t h a t the stopping power of the brake is known. h new pyrometer for the measurement of surface temperatures is provided by the Pyrometer Instrument Co., Bergenfield, K. J. (172). EVALUATION AND GRADING
 
 It has long been the view of rubber technologists t h a t natural rubber should, in addition t o its present system of visual grading, be evaluated according t o its intrinsic properties. Recent articles ( 6 4 , 116, 116, 165-165, 190, 198) indicate t h a t a technical system of classification is even more necessary today because of the in-
 
 ANALYTICAL CHEMISTRY creased competitioii l)rt\vren the natural antl synthetic rubhers. First t o develop and introduce a new system of grading were the Syndicat des Planteurs de Caoutchouc d'Indochine and the Union des Planteurs de Caoutchouc (201 ), who hegan marking the hales of natural ruhher produced in Indocliina according to three classes of plasticity ant1 three classes of the rat.e of cure (157, 158, 278). This ne\v system does not interfere with the usual systeni of grading hy :tppcar:ince only. T h e French system of classification of ru1)her met ivitli considerahlo interest and soon was recommended lor tri;il l)y ru1)i)c.r gro\vrry Iron1 all parts of the Far 1'::tst (64, 78, 116, l.%, 165, 178, 184). .it the recent niecting of the Int~1:ri1:itiona1Organization for Stuntl:irtlizat,ioii, Technical C'onimittro 45 on Ituhher, held in Akron, :i resolutioli was ;idopt,cti ( 17 6 ) by the tlrlcgittes t h a t the Frencli technical syrtcm of gixtling I)() wl)plied to the usual n1:irket gr:des of n n t u r d rul)her. . \ i i intcrrsl in t l i v 1 c:cliiiiral classification of n:itur:tl rul~ber :tccording l o intrinPir pi,oprrties \vas also rxpre s u n i ( ~ of i ~ raw rut)lictr., and tlie .-\nieric:in Socirty f o i . Testing t e e ('rutlr Sat ural 1l:itc.ii:ils introduced ii n('iv S u l ~ c ~ ~ i i i m i t011 1tuliI)rr in its Conuniittw 11-11 on R u I > l ~ ?:end r 1tuhl)rrlikv This ne\\- ciii)co~riiiiitteehas ~ i l 1 had ~ ~ t h1r w~ ~ IIaterials (./t). meetings (14, 81,85,1?'.T), :ctitl i p coiicwitr:tt,ing its p r ( w n 1 :ictivitirs on the quantitative tlc~tc~i~iiiiiiatir~ii of di1.t in rul)lic~r:inti the tl(~vclopment of twt, recipw :iii(I iiicthotlr lor cv:iluiiting thi. ptiysic~alproperties of i~iit,ur:iIi ~ ~ I ) l ivulc:inizates c~r (82). Scaivton, Philpott, dniitli, :tiid \ \ - I r n ( 1 4 2 ) stutlircl tlir va1.iallility oE M:tlaytiii rubber :is to 1Ioont.y viscosity :tiid' ~ u l ~ ~ a i i i ~ acliarac tiori R. They found that the visual gr:ules oi' i~i1)l)c:tf snioked sh s. I , 2, :i, and 1 diffwed only slightly :~l in the proprrtic>sosnrninctl, mi(1 could pee no t r ~ * h n i ~,juititic:it i o i i t o i , dowqradiiig sniokctl slicet o i l :ic.c~~uiit of th of hut)hlcn. ILul)t)crquslity viiikitions U Y ~ W 1:ii~gefro1 est,:tte by the system of trc:liiiienl gi,:tdinp l)ut not hy spei:t,ioii. F'lctcher ( 5 8 ) stated tliitt tcsts on al)r:tsioii, flrs-crackiiig, c u t grotvth, etc., arc iinpoi,taiit properties io^. a iuk)lier but :ire difficult to ineasure. 111: bclirvcs that thc S:itional Ihirrsii of Staiid:ii.(ls strain testrr ( ; 5 ) shoivs :t high Cirgi~rc~ of nirtrit, Ilut. prot'ws :ind desciitm :I siniplificd vcrsioii of this i n ~ t r m n c ~ nfor t usr chicfly 011 plniit,ationa u n d other out-ol-thr-way pl:ic~ts. 1 I(, pi~ricrsto coilduct t,c:iisiori t iig :it low ~ ~ I o n g ~ i t ~\vlirrc ious thew ia iio crystaIliz:it,ioii i n the rulhci,, :tnd i~c:c!onimendsnir:isui,ing tlic minimuni Bti,uiii uud :ilso the timr of vu1c:liliz:ition I l , FIrt1 ~ 4 u i r e tto l att.ain this miniilium value. l 3 l ~ ~ c k \ v ~Blow! rhcr, JIulliris, and Wood ( 3 0 ) cont~iiiueclwork for t,hr 13rit)isli liut)l)w I'i.oticicrrs' I t ~ ~ w : i i ~ i : :\ssociation li on the v:iri:ihility of natural ruI)l)vi~. Tlicy tiirwtrii thcir attcntion. lio\v(;ver: to tlic ing c1i:irurtt:ristic:s of tlir ruht)ri.. rvhirti :trc iniporttint o t h e vu1c:iniz:itioii. I-nif'oi.init)- of pi.owssing chiructeristics is neccss:iry in ordvr to eilsurr const:int trti~utlcrm t l calciidrr pci+'orni:inces a i d t,o m:tint:tiii c * o n s t : ~motlulus ~~f of t.he Hlo\v, i~ntt l.'letclici. (1.9) studied v u l r : ~ ~ ~ i z : i t ~l>l:ick\vrIl, ~s, vul(*ariizutr stiff'ncas for raw ruhhcrs of clifferrlit cli:ir:icteiistics; differorit mixing I'orliiul:is, and different mixing procedures. They Iwlicve that t,he ininimum Straiii ol any rubher :tt, :I tised compounded visrosit), c:w be c i i l c u l n t c d i'iwm the inininiurii strain at, any otticr ICI\OA.I~ coiiiI)ound viscosity not,(\of tlir ividr diflerrnccs of ol)inio'ri :i.s t o t,hr, :ite 0 1 curia," 1Ic diaou a d against each of tlrc t h i w major inrtho niaximum moduluz. scorc*li tiin(>! :iid h y p i ' l ) o l : ~p:tr:mrters. hlthough most of t,ho irivc:z;tig:itorsitrr of t h r ol'inion t h a t a single cure is all that is required to tietri~minr :t mte of r i m , others (46, 85) believe that a t least, three t,iiiira of ouIe are iiet Dunlap, Glaser, and Kellen ( 4 6 ) used an inclined plane tester to determine the intrinsic low-stress properties of ruhher compounds. B y making a hysteresis loop test :it 1o\r stresses over a series of cures, an estreniely accur:ttc: nicasure is provided for determining
 
 the rate and st,ate of cure. They believe that, the results from their test,s for hysteresis loss made at low elongations come closer than thosr made at high elongations t o simulating conditions ohtaincd in :tctu:it use in ninny commercial products such RS tires.
 
 \-v LCAN I z.vrEs STATIC TISSSlOS A S D COMPRESSIOY
 
 T h e S.B.S. strain test,er ( 7 5 ) , which measures elongation of rubberlike materials of virtually niot,ionless specimens a t a definite period of time after the :tpplication of a predetermined load, is I)eing manufactured b y the G. F. Bush Associates, Hopr\v(JIl, S . J. (f68). T h e British Rubber Producers' Research Association hrts adopted the use of a strain tester for tension meiisurenirnts bccause it gives more prccise results t h a n can be obtained from modulus tester?. T h e association (28) designed it piiiiplified version of the N.B.S. strain tester which it believrs will he suitable for the grxling of natural ruhher and can 1)e more convcnit~ntl~;idatptcd for use on p1:int:ttions. It uses moldrtl test pirvrs, similar to thost, used for T-50 measurements. : i d gives v:tlues of strain up to 250% clongcation. T h c Soci6tB Fcrnvick and the Institut E'i~:inpaisd u Caout,chouc (195)ciwigned :in :ipparatus, which they call the I.F.C. modulomctw, f o r t tic express purpose of detrrmining modulus a t 600% elong:ttion. It can use either duni)>l)cll or ring specimens. A ne\v :trid improved universal testing machine, of 60,000 pounds.' c::ip:tc.it),, caitll(v1 Baldwin Model 60-H, is now in production h!the Baldwin 1,ocomotive Works, Philntlelphia, Pa. (169). I t ('an be loaded either in tension or compression b y hydraulic means. T'illars (211j designed R high-speed stress-strain machine which is capable of recording stress-strain values for an elastomer a t rlongat~ionsu p t,o2iOyoper millisecond. By means of this instrument it is possihle, by examining t,he stress-strain curves, to clvterminc, \\.hcther or not it ruhher crystallizes upon stretching. 13:txtoii ctnti Voddm ( I 0 ) developed an unbonded resistance strain gagr ivhich they find useful in a n apparatus used for nieaswing st:it,ic: strwses in rubber which t,ake place for several hours or days. They found that, the usual type of gages cause a drift in the esprrimcntal values because of plastic flow of the adhesive het,w.c:rii tlics gage and its supports. T h u m tint1 Derenbach (204) discussed the various fact,ors Jvhich influewe the tensile strength of natural and synthetic T1it.y t'ouncl t h a t for short-time tensile measurement,H thc results differcltl from 10 to 20% hetween samples stretched parallel :liirl t hosc strcatc,hcd prrl)rnclicul:tr to the direction of milling. Sewton ( 1 , i l )pointccl out thiit H fallacious method of compariiig i q c r i i n r n t a l results \ v : ~used in a n article by Klute (0.51 on thc effect of die surface irregularities on the results of tensile tests for vulcwnized rubber. Klut,e (96) took cognizance of Ken-ton's corrrct,ion and recalculnted his d:tt:i. I n general, however, tlic: origind conclusions of his ivork \ w r c not altered by the different r e s u h . Beatty and Juve ( 1 2 ) descrihe a n appar:ttus and technique for measuring stress relaxation of rubber ~~ulcanizates in compression, antl discuhs the effevt of temperature, degree of deformation, and cninpountliiig on the relaxnt,ion of stress. Their method gives results ivith reaaon:i,k)le speed and accuracy. Wilkinson and Gehman (21T ) iilso devised an apparatus for making similar mea~urenirnts. T h e y make use of the expansion of a Sylphon I~rllowe1)y air pressure t o comprees small cylindrical test pieces. & l i s stress in tlie sample decreases owing to relaxation, air is :tutomrttic:rlly released through a valve so as to maintain the force at a nxigiiitude just sufficient to keep the sample a t a constant compression strain. Tohara (205) made measurements in a n ajJp:iratUS of different design, which makes use of a lever, supported 011 oiic side b y ball hearings and attracted on the other hg an electromagnet, to apply constant compression instantancously. T h e stress i E meawred by piezoelectric crystals.
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 Noakes and Pyiie (128) studied the properties oi' siliconc rubbers and came t o the conclusion t h a t conipression set was the iiiost valuable and sensitive property for assessing the rate of vulcanization of t h e silicone ruhhers. HIHUhESS
 
 I. 1 lie measurenient, of Iiartlness lias been the subject of a L J ~ ~ J C bj, Buist (XI), T h o tloacribea the four principal nietliods used in industry, Brit,ish Rt:indards Inst,it,ution, American Society for Tosting Materials, I l \ T I I , :md Shore, as using large contact p w w i r e for hard stocks and l o a contact pressure for soft stocks. Iits tlevcloped the 1mprri:xl ('heinical Industries tester, n-hicli w:(vconstant indentation. Tlic nieasurerncnts ohtainod n i t h the ne" instrument were found to I i r linearly related to thoic ihfained from compression modulus.. Srott (188) reports tliat, thc precision of hardne.::i s IllcadurClll('lltS by intie~itationunder load ni:iy be increased I)? eliminating or dcrreasing the frictioii ei'ror of the instruiiient. This can lie acwmplished by the app1ic:ition of gentle vibration, such as with :in electrically operated I)uzzer. 1,ulJrication of the w r f a c e of the test piece b y mean? of talc : i l w gives further improvrnic~nt. mn.ksIoN
 
 13uist ( 3 2 ) states thut :ilir:tsion resistance is nut n specific pr0lJelt.y of a ruliber, but is dependent on the technique of
 
 nic~asurement. He cliissifies twenty-one abrasive machitics into four categories. Nearly all niachiiies were devoloped for n special compound, h u t scrvice life is usually forecast very poorly froni these laboratory tests. I t is possible, however, t o obtain iniprovrment, in results if :in extraction of tho test pit niade in ethyl alcohol-tolueiic azeotrope. 'Tlie Goodyear angle ~ 1 ~ 1 . a t I ewhich r~ was deaigiirtl liy the Uooilye:tr Tire and I














Copyright © 2024 DATAPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Facebook
















