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Summaryof Progress

During this reporting period, continued evaluating various methods for measuring direct
reactivity, to find a method that gives resultsthat are more consistentwith model predictionsand that
givesuitabledatafor highermolecularweightcompounds.A Teflon stirredflow reactorwasconstructed
and used to determineif the reasonthe model overpredictsthe 03 formation in the high concentration
stirredflow experimentsis becauseof useof glasswalls on the stirred flow reactor.In addition,the effect
of mechanicalstirring on the data obtainedusingthe Pyrex stirred flow reactorwas investigated.The
resultsarebriefly summarizedbelow.

The level of effort on this programwas relatively limited during this reportingperiod becauseof
the need for the Principal Investigator to devote most of his time on completing the SAPRC-99
mechanismsdevelopmentanddocumentationthatwas neededfor the CARB’ sregulatoryprograms.

Evaluationof Effectsof Stirring in the Stirred Flow Experiments

The modelingof the stirred flow experimentsis basedon the assumptionthatthe reactantsare
well mixed in the reactor.However, the stirred flow experimentsreportedthus far did not employ any
mechanicalstirring. Experimentsinvolving injecting NO2 and looking at the mixing of the colored gas
suggestedthat stirring may not be adequatein the carboyexperiments.A stirring methodwas devised
basedon putting Teflonvaneson a magneticstirrer thatwasplacedin thecarboy,andviewing resultsof
NO2 injections suggestedthat this provided good stirring in the carboy. SeveralHONO - propane
experimentswerecarriedout usingthis stirrer, andthe resultsareshown on Figure 1, wheretheycan be
comparedwith dataobtainedusingtheunstirredcarboyandwith resultsof modelcalculations.

The stirring systemin the carboyturnedout to be impracticalto useon a routinebasisbecause
the designof the carboycausedit to fail to functionif it was not closelywatched.Attemptsto fix this by
modifying the shapeof the floor of the carboy resultedin its breaking.A 50-liter Pyrex flask, with
approximatelythe samevolume as the carboybut with shapethat permittedthe stirrer to operatemore
reliably was purchased,and datawas obtainedusingit (with mechanicalstirring) in stirred flow HONO
experimentswith propane,n-octane,n-decane,andn-dodecane.The resultsof thoseexperimentsarealso
shown on Figure 1, wherethey are comparedwith data obtainedusing the unstirredcarboyand with
resultsof modelcalculations.

Figure 1 showsthat the A([O3~-[NO])tendedto be somewhatlower in the experimentswith the
stirrer in the carboythanin the carboyexperimentswithout the stirrer, but the datawith the stirred flask
wasgenerallyconsistentwith the datawith theunstirredcarboy.The datawith the stirred flask was also
consistentwith the datawith the unstirredcarboyin the experimentswith n-octaneandn-decane.On the
otherhand,in the caseof n-dodecane,theA([03]-[NO1) datawith the stirredflask tendedto be somewhat
lower thanwith theunstirredcarboy,andsomewhatmoreconsistentwith modelpredictions.

The tentativeconclusionfrom theseexperimentsis that stirring doesnot seemto havea large
effect, though it is possiblethat it could improve the data with higher molecularweight compounds.
However, moreexperimentsare neededto determineif the differencebetweenthe stirred andunstirred
experimentsin the caseof n-dodecanethis maybedue to a generalreproducibilityproblemwith higher
molecularweightcompoundssuchas n-dodecane.



Propane

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0.0 0.1 0.2 0.3 0.4 0.5

1.0

0.8-
0.6r~0.40.2
0.0

0 1 2 3 4 5

n-Decane n-Dodecane

0.0 0.1 0.2 0.3 0.4 0.5 0.6
I

0.00 0.10 0.20 0.30 040 0.50 0.60

0.2

0.1

Figure 1. Plots of experimentalandcalculatedA([03]-[NO]) datafor the HONO + propane,n-octane,
n-decane,and n-dodecanestirred flow experimentscarried out in the stirred and unstirred
Pyrexreactors..
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Evaluation of Effects Teflon vs GlassReactor

To investigatewhetherthediscrepanciesbetweenmodelcalculationandexperimentaldata in the
HONO stirred flow experimentsmay be due to uncharacterizedsurfacereactionsinvolved with aglass
reactor,the effect of usingaTeflon reactorwas evaluated.A —25-liter cube-shapedreactormadeof the
sametype of 2-mil FEPTeflon used in our chamberexperiments,held rigid using an outerframe, was
constructed.The reactorusedthe samemechanicalstirring systembased on a magnetic stirrer with
Teflon vanes as usedin the carboyandflask experimentsdiscussedabove.SeveralHONO - propane
experimentswereconductedusingthis reactor.

The [O3]-[NO] dataobtainedin theseexperimentsare shownon the right-sideplots on Figure2,
alongwith resultsof model simulationsof two of thoseexperiments.For comparison,the left-side plots
on Figure2 show similardata for the Pyrexreactors.It canbe seenthat the model doesnot fit the data
usingtheTeflon reactoras well as it doesthedatafrom the Pyrexreactors.For both reactorsthe model
tendsto underpredict[O3]-[NO} at high addedpropane,but for the model fits the “zero propane”datafor
the Pyrex reactor much better than it does for the propanereactor.It is concluded that there is no
advantagein using the Teflon reactorfor theseflow experiments;and the data may not be as well
characterizedbecauseof uncertaintiesin the volumeof that reactor.

Work Planned for UpcomingPeriod

Relatively little progressis expectedon this projectduring the nextquarterbecauseof the need
for the Principal Investigator to complete the developmentand documentationof the SAPRC-99
mechanismfor the CARB’s regulatoryprograms,andbecauseof demandsof otherprojects.Late in that
period or early in the following quarterthe investigationof the stirred flow systemfor higher molecular
weightcompoundswill continue.It is expectedthat the initial experimentswould be runs stirred flow
runsusingthe flask with n-dodecaneandhighern-alkanes.Oncethosedataareobtained,adecisionwill
bemadeas to theoverallutility of this methodfor low volatility compounds. - -
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Figure2. Experimentaland calculated[03]-[NO] datafor the HONO + propaneexperimentscarried
out in thestirred andunstirredPyrexreactorsandin the stirredTeflon reactor.
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