
gentlemenbelieveinsparksofhignintensity,andtheyseemtohaveperfectedtheirmethodtothelimitofitspowers.Theoperationiscarriedoutinasparkingchamberwhichconsistsofalargecylindricalmetalboxlinedintheinteriorwithverticalrowsofcontactpoints,eachoneofwhichismconnectionwiththepositivepoleofadynamogeneratingadirectcurrentof8,000volts.Now,insidethecham-berrotatesacentralshaftprovidedwithasimilarsetofnegativecontactsintheformoflongrods,andallconnected,ofcourse,withthenegativepoleofthedynamo.Butthiscylinderisrotatingattherateof500revolutionsaminute,andaseachnegativecontactcomesuptoapositive,itstrikesanarcwhichisdrawnoutandextinguishedasthenegativecontactmovespastanuawayfromthepositive.Intheillustrationweseethecylinderatworkattheinstantofrevolution,andsincetherearemanyrevolutionsandmanycontacts,therearenolessthan400,000arcsaminute.Itisliketheinnercylinderofamusic-boxringingoutsp<±rksinsteadotsounds.Butairisdrawninrougnthesemulti-tudinoussparks,andeachsparkasitformsburnsasmallpercent,oftneincomingairintooxideofnitrogen.Theresultisthatsometwopercent,oftheoutgoingairisconvertedintooxides,whicharecaughtinabsorbingtowert>ofwaterwiththeformationolnitricacid,orofsodawiththeformationofsaltpetreorsodiumnitrite.Fromdatabasedupontheactualrunningofthisplant,nitricacidmaythusbeproducedfromairandwateratacostofaboutonepennyapound,andsincethemarketpriceisabouttwopencehalfpenny,itoughttoDeaprofitableoperation.Butthisistornitricacid,andlargeasisthemarketforthissubstance,itisnotlimitless,asisthecasewithsaltpetre.Whethertheacidmaybecombinedwithsodatoformartificialnitrate,ataratecapableofcompetingwiththenaturalproduct,isstillamatterotdoubt;itdependsonthepriceofsoda.AwayoffonthecoastofNorway,wheretheyhavecheapwater-powerandcheaplabour,othermenarestillengagedinthepracticalelucidationofthissameproblem.ProfessorKr.BirkelandandDr.S.Eyde,ofChnstiama,havedevelopedaprocessbywhichtheairisconveyedintoaseriesofovens.Eachoneoftheseovenscontainstwometalelectrodes,betweenwhichplaysahigh-pressureflamingelectricalarc.Thearcismovedrapidlyhitherandthitherbyapowerfulmagnet,insuchawaythatthemaximumamountofoxid-ationisobtained.Inaccordancewithdatasub-mittedbythecompany,about2000poundsofnitricacidmaythusbesynthesisedwithanenergyexpenditureofonlyonekilowatt-year.Atthepresentpriceofnitricacidthismeansamostrespectableprofit,anditisnotsurprising,therefore,tolearnthattheyalreadyemploy2000horsepowerforburningtheair.E.Rossi,ofItaly,proceedsmstillanotherway.Heobtainsimprovedresultsbyoxidisingtheairunderheavypressure.TheoxidationisbroughtaboutbyanincandescentsubstancesimilartothefilamentofaNernstlamp,andtheequilibriumpointisavoidedbyabsorbingtheburntnitrogenoxideswithconcentratedsulphuricacidflowingconstantlythroughtheinteractionchamber.AmongtheGermansthegreatfirmofSiemensandHalskehasbeenintermittentlybusyeversince1884,whenoldWernerSiemenssentalettertohisassistantdirectinghimtoexperi-mentonthefixationofnitrogen.Dr.GeorgeErlwein,whohaspresentchargeofthisinvesti-gation,doesnotholdwiththeexperimentsjustdescribed.Insteadofamultitudeofintenselittlesparksofhigh-potentialflamingarcs,heemploysanarcformedbyanenormouscurrentatlowvoltage.Hepointsout,andverytruly,thatincreasingthesizeoftheseotherplantswillnotincreasetheirefficiency,while,inhisowncase,hefindsthatthegreaterthesizeofthearchecanform(thegreatertheunitinhisfactory),thegreateristhepercent,ofthenitrogenburnt.Hehasalsoprovidedagainsttheeasydecompositionoftheburntnitrogenintofreenitrogen,bymixingthecarbonofhishugeelectrodeswithpowderedfluor-spar,thusdecreasingthetemperatureofthearc.Atpresentthisfirmisrestingonwhattheyhavesofaraccomplished,andforamostsigni-ficantreason.Theyhavenomoredoubtthanotherpeoplethattheycanprofitablymakenitricacidoutofairandwater,andatarateconcurrentwiththepresentmarketprice,buttheyarenotsatisfiedwiththemarketthusafforded,immensethoughitis.Theydemandtheexploitationofthewholesaltpetreindustryaswell,andnothingelsewillsatisfythem.Theydenythatatpresenttheelectricnitrecancompetewiththenaturalproduct;hencetheyprefertowaituntilalittlefurtheradvanceinpuresciencebringsitwithintheirgrasp.Calciumisoneofthefewelementsthathavethepowertounitedirectlywithnitrogen.Itisasilver-colouredmetal,whichwithcomparativeeaseburnsnitrogen,toformanitride,andthisnitride,onbeingthrownintowater,yieldsammoniaandlime.Hence,ifwecouldobtaincalciumcheapenough,wecouldobtainammoniacheapenough,andthiswouldsolvetheproblemofnitro-genousmanure.Tenyearsagothiswouldhavebeenvisionarynonsense;to-day,weretherenoothermeansatourdisposal,thisistheveryschemeweshouldquicklytakemeasurestocheapenandadopt.Twoyearsagocalciumwasworththreepoundsathimbleful;to-dayitisworthaboutfiveshillingsapound,anditspricemightbegreatlyreduced.Itisaverycommonmetal,becauseeverybedoflimestonecontainsnearlyfortypercent,ofit;inthepastitwasveryrarebecauseofthedifficultiesofitsextraction.To-day,calciumismadebyOctoberi,1906,PROGRESS.
FLAMEOFBURNINGNITROGEN.THEIGNITIONPOINTISABOVETHETEMPERATUREOFTHEFLAMEshouldoxygenbeaddedtoit,orshoulditbedealtwithasitis;and,moreover,howshallweberidoftheequilibriumpoint?Amongtheraceofchemistsandchemicalengineers,manymenhavebeenbusyintheattempttosolvethismomentousproblem.ThereistheAtmosphericProductsCompanyatNiagaraFalls,where,throughtheirearnestandintelligenteffortstosolvethisproblem,Messrs.BradleyandLovejoyhavewonhighpraiseandcordialrecognitionfromalltheotherworkersinthisfieldofinvesti-gation.Thefactofthisrecognitionissignificant;itmeansthatthereisroomenoughforall.TheseINTERIOROFCYLINDRICALSPURRINGCHAMBERFORTHEECONOMICALBURNINGOFNITROGEN.CYLINDERROTATINGATTHERATEOF500R.PM.theton,bydecomposingthemeltedchlorideofcalciumbyacurrentofelectricity.Themetalattachesitselftothecathode,andbyslowlyliftingthecathodealong"cabbagestalk"ofthemetalisproduced.Fortunatelywedonotneedtoworryoverthestillcheaperproductionofcalcium,for,workingmoneofitscompounds,thissamemetalhassolvedourprobleminanotherwayandwithsuchsuccessthatithastemporarilythrownintosecondaryimportancealltheotherprocesseswehavesofarconsidered.Everybodyhasheardofcalcium-carbide,andofthebrightilluminatinggas,acetylene,whichitevolveswhenthrownintothewater.Thestoryofthecarbidediscovery,itsmanufacture,thefondhopesoftheinvestingpublicthattheycoulddisplacebyacetylenetheordinaryillumin-atinggaswhichthemanufacturerscouldaffordtosellfornothing,theirdisappointment,therevivificationoftheindustry,andthelatestphaseofitsusefulness,isastoryofhighromanceandhighfinance.Weareconcernedhereonlywithitslatestphase.ItoccurredtoProfessorAdolphFrank,ofCharlottenburg,thattheeasymanufactureofcarbidespointedoutawaytothecommercialfixationofnitrogen.Inorderthoroughlytotesthisschemes,hetookrefugeunderthebroadsegisoftherestless,experimenting,progressingfirmofSiemensandHalske,whosemeansandresourceswereadequatetoeveryhumanpurpose.Atfirsthehadinmindonlythemanufactureofcyanides,bypassingatmosphericnitrogenovertheheatedcarbideofbariumandconvertingthecyanideofbariumobtainedsubsequentlyintothemostvaluableofthenitrogencompounds,thecyanidesofsodiumandpotassium.Hewasentirelysuccessfulinthisoperation;but,inordertostillfurtherimproveit,heresolvedtomakeastubbornattempttoutilisetheanalogouscarbideofcalciuminsteadofbarium,forithappensthatitisnotonlycheaper,butmuchmoreefficient,weightforweight.Hisattemptresultedinacompletesurprise.Hefound,asamatteroffact,thatatmosphericnitrogenreactedwithredhotcalciumcarbideinaccordancewithalittleequation,which,withapologiestothelayreader,weshallinsert:'CaC2-(-2N=CaCN2-|_C.Theresultofthereactionisthecompleteconver-sionofthecarbideintocarbon,andintoasub-stancewhich,whileitsnamesoundssomethinglikethecalciumcyanideexpected,iswhollydii-ferentfromit—calciumcyanamide.Nexthediscoveredthatthiscalciumcyanamide,onbeingheatedwithhigh-pressuresteam,passedeasilyintolimestoneandammonia,andfinallyhefoundthat,onmerelyspieadingoutthematerialinthemoistair,itslowlyevolvedthissamesub-stance,ammonia.ThisledhimtothenaturalSynopsis.Inthepreviousarticleonthisimportantsub-jectProfessorDuncanenlargeduponthevariousformsoffixednitrogenwhichwehavewithus,andwhichwearecontinuouslyusingup,andmustcontinuouslyrestore.Theauthorshowedhowweconsumefixednitrogenintheformofanimalfoodorofcertainplantproducts,suchaswheatenbread;but,aspointedout,plantsandanimalsthemselvesdependuponthesoilforeverytraceofthenitrogentheycontain,andthesoilissoinadequatelychargedwiththisnitrogenthatweandtheloweranimalsfilchwhatitcon-tainsmuchfasterthanitcanberestoredbynaturalprocesses.Meanwhile,thelandgrowssickandbarrenandrefusestogrowourcrops;consequently,wehavetocurethelandandmixwithitmanureorfertiliser.Thenaturalmanureoftheworldis,however,a"meredropinthebucketofourwants;"andProfessorDuncangoesontosaythatmProfessorAdolphFrank'swonderfuldis-covery"weseetheunwillingnitrogen,fixedbythegeniusofmanintotheactiveandusefulform,workingnotonlymthethousandsofnitro-genoussubstancesusedmourcivilisation,butmthesoil,mtheplant,andcausativelyintheactionsandthoughtsandfeelingsofmen,until,freedofitsenergy,itsinksbackintotheNirvanaoftheemptyair."SECONDPAPER.Now,restingoneverysevenacresofearththereare237,000tonsofnitrogen,sufficient,ifwecouldburnit,toreplacethe1,500,000tonsofsaltpetreconsumedlastyear.Thatwecouldburnthisamountweknow,buthowtoburnitmthecheapestwayhasstilltobediscovered.Thewholequestionofitseconomicburningbristleswithdifficulties.Notonlyistheignitionpointabovethetemperatureofitsflame,butthetem-peratureoftheunionofthenitrogenandoxygenoftheairisperilouslyclosetothetemperatureofitsdissociation,andthereresultsanawkwardequilibriumpointatwhichthenitrogenoxidesaredecomposedasfastastheyareformedundertheactionofthearc.Theprizeofburningtheairiscertainriches,buthowtoproceedisthepresentquestion.Isitwisetoemployarcsdepend-ingupongreatelectricintensityandsmallvolume,orgreatvolumeandsmallintensity?Whatkindofelectrodesshouldbeused—carbonorplatinum,orwhat?Shouldtheairbecompressed,ByRobertKennedyDuncanChemistryandtheWorld'sFood.337


