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Abstract 
A DOE CRADA was initiated in FeKctary 2000 bekvem Furd Motor Company and 

the U. $. Department of Energy's Oak Ridge National Labmatory (ORNL). The ovadl 
objective of the research agreement was to characterkt the perfomme of emission 
sensors a d  identify potential areas of imprcsvmat and to develop improved hmlatiDg 
ma.t&ds with a lower capa&uxz la minimize radio kquency (R3) interfmnce, 

A bench-scale device was deuehpd at ORNL to evaluate sensor p ~ ~ c a .  The 
test stand was designed to enable control of the gas compositian, flow rate, and 
tempmahue. An air-actuated threeway valve was used to contra1 the injection of the test 
gas in oder to elucidate the transient behavior of the sensor. The major finding from our 
studies was that transient test results showed that response time offhe s e w  to NO was 
highly dependent on the temperature. The time constant decreased with inamsing gas 
tmpmture and achieved a constant vdve of 610 ms for tempera-s greater than or 
q a l  to 350'C. The steady-state vdves O2 aad N0-x pumping currents w m  measured 
under steady-state conditions using a picoammeter. The measured pumping c m t s  were 
exhmr;ly low and required an electrically quiet envirammt for accurate readings. 

ORhZ developed also modifid the existing kdator material to decrease it dielectric 
constmt in order to reduce radio h q u q  interfmce from the inkma1 heater, T h i s  
was accomplished by adding low dielectric constant sintering aids to alumina. 
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Objectives 
The purpose of this project is to develop a zirconia-based NOx sensor for impxoved 

engine and exhaust w s t i c s  in class 1-8 truck en@=. The c v d l  obj&'ve of this 
study is to charaotaize the performance of emission senslrrs and identify potential areas 
of impmvesnent and b develop eew materials for the dieleotric body and electrodes of the 
smsing elernen?. One aspect of this project was to benchmark the NEK NOx sensor 
under development. 

Benefits .to DOE 
Sensors that can quantitatively measure NOx emissions in real 'rime are p o ~ d l y  an 

enabling ~hnoIogy  for the clean diesel engines of the fhm. Closed loop engine control 
systems that monitor emissions and c~nthuously adjust engine and emission-control 
parameters such as fuel injection behavior, valve timing, EGR and air-handling mtmI 
are envisioned for near -m emission heavy vehicles fix the hture. However, the cbsed 
loop control systems are dependent upon rapid, reliable and accurate sensors, The 
electfochmieal s m s m  under development by the automotive industry are very complex; 
no US supplier has commercial prototypes at present. T h i s  projwt supports DOE by 
developing tdmrslogy sensor technology to control ~~~llutant emissions and gremhousa. 
gases. 

Technical Msmssion 
Urea selective catalytic duction (SCR) and NOK adsorbers systems used being 

investigated to reduce NOK missions fiom diesel engines. Optimi.zaticm af these devices 
an an autom~tive platform will likely require feedback mnhl .  The av&lability of 
mission smm is  limited, in fact the only a m e n f l y  available NOx sensors are those 
rnmufactmd by NGK. Before my NOx sensor can be integrated hta an emission 
controls package, its performance must be accurately assessed to determine is range of 
operation d response. 

The NGK NOx sensor design consists of two cells wiih diffusion barriers. Exhaust 
entm the first, cell where it is thermally dmomprssed into NO and elemental oxygen. The 
oxygen present in the exhaust is pumped out of the first cell to levels approaching 10 
ppm. The current generatd by pumping out the oxygen from cell 1 is trmsfonned into a 
uollage by the contmller ta become the 0 2  signal output for the device. The NO present 
in cdl 1 rnclves t h u &  a diffbsion barrier to cell 2. In cdl2 the NO is bornposed inb 
elmental  nitrogen and oxygm on a rhodium electrode, The c m m t  generated by 
pumping Q nut of cdl2 is used to p v i d c  the NOx output signal of the device. 

A bench-scale rig was developed in o r d a  to measure the transient r q c m s e  of 
sdected NOx (or oxygen) mission smars. The p&ommce of the rig was mohlcd 
asswning wcll-stirred tank conditions and v4ficd using h t  NO analyzer. Steady state 
measurements of NO and NOz were initially pdonned to confirm the baselhz 
performance of the sensors. Transient measurements were made ushg of NU and 02 test 
gases in order to determine sensor response. In order to elucidate the msor behavim 
mare fully, the 0 2  and NOx pumping currents were ta be  measured under both steady 



state and transient conditions, Analysis o f  the pumping murents d+g 
mayprovideinsightsinto c o m p u t a t i c m a l t ~ u e s t o  

Two NGK NOx sensors were sent to O m  for evduatiw by Ford 
The sensors were placed in the bench rig and evaluated mder 
conditions, The steadystate d t s  are shown in Fig, 1 
performance for this device. Translent rests were 
Wcrent gas temperatures, The sensor response as 
(3346) time constant decreased with Increasing 
(around 610 ms) iix temperatures greater than or 

The Q and NOx pumping c m t s  of the sasor were measured 
conditions by splicing a picommeter into t h e  sensor wiring, The 
oxygen increased lineafly with increasing oxygen amcentration and ran 
pi to 2 mh. The NOx current also increased linearly with N 
current was very low ranging from 200 n 4  to muad 8 pk 
that the smsm may b e  susceptible to electromagnetic int 
package needs to be hgmvd. 

Figure 1 .  NGK sensor response to NO and N& under steady state 
An improved dieleclri~ M(av davdoyed during this prq& that had 

constant that the current material, ca he new mataid  was improved 
'sinkring aid that aided densifimtion and provided a grain boundary 
the dielectric constant. This new material reduces the radio 
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the i n t d  heater. However, the improvement does not eliminate the need to signal 
mhancemmt. 

Invea t i ~ n s  
No inventions were made during the course of this project, 

Commercialization Prrsslillities 
This &at is ongoing and several technical barriers, such as Improved electrwics far 

signal enhancement and new elecmde matmids, m a i n  to be overcome before -the 
sensors will be oommm&alM. The CRADA with F a d  Motor Cumpmy a 
collabmation with Vistma Automotive Systems provides a clear path to 
comrn~cialMon. . , 

Plans for Future ColIaboratim 
ORNL and Ford anticipate fu- collaboratian for the dmrelqrnent of NOx and 

ammonia smms. OlWL plans to assist F d  in developing signal enhancing Qectrnics 
. for the NOx smw as well as to evaluate new simplistic designs that avoid the use of 

. . pumping cells. 

Contusions 
A bench-scale rig was developed at ORNIL to evaluate NOx sensor pdomance. The 

response of the rig was determined and the gas flow behavior was c9laractebd. A 
cornmexially available NOx sensor was placed in the rig and evaluated under steady state 
and transient modes of opmtion. The time constants for the senspr were found to 
decrease with increasing temperature up to 350°C. This will be m important 
c o n s i d d o n  when integrating these devices into an after mtment system since the 
range of temperature in a diesel engine -exhaust can vary between 1 50QC and SObC, 

The pumping currents of the NGK sensor were measured under steady state 
conditions. The c m t s  were found to be extremely law and therefm susceptible to 
el&oma~etic intwfermce. Transient analysis of these currents may indicate that 
computational techniques could be used to improve ?.he s m a r  response. 
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