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ABSTRACT 
The purpose of this research effort is to develop a low cost on-board Nitrogen Oxide 

(NOx)/ Ammonia (NH3) sensor that can not only be used for emissions control but has the 
potential to improve efficiency through better monitoring of the combustion process and feed­
back control in both vehicle and stationary systems. Over the past decade, Los AJamos National 
Laboratory (LANL) has developed a unique class of electrochemical gas sensors for the 
detection of carbon monoxide, hydrocarbons, hydrogen and nitrogen oxides. These sensors are 
based on the mixed-potential phenomenon and are a modification of the existing automotive 
lambda (oxygen) sensor and have the potential to meet the stringent sensitivity, selectivity and 
stability requirements of an on-board emissions/engine control sensor system. 

The current state of the art LANL technology is based on the stabilization of the 
electrochemical interfaces and relies on an externally heated, hand-made, tape cast device. We 
are now poised to apply our patented sensing principles in a mass production sensor platform that 
is more suitable for real world engine-out testing such as on dynamometers for vehicle 
applications and for exhaust-out testing in heavy boilers/SCR systems in power plants. In this 
present work, our goal is to advance towards commercialization of this technology by packaging 
the unique LANL sensor design in a standard automotive sensor-type platform. This work is 
being performed with the help of a leading US technical ceramics firm, utilizing commercial 
manufacturing techniques. Initial tape cast platforms with screen printed metal oxide and Pt 
sensor electrodes have shown promising results but also clearly show the need for us to optimize 
the electrode and electrolyte compositions/morphologies and interfaces of these devices in order 
to demonstrate a sensitive, selective, and stable NO" sensor. 

Our previous methods and routes to preparing stable and reproducible mixed potential 
sensors - in bulk, tape cast, and thin film variants- need to be adapted as a necessary adjunct to 
address materials challenges resulting from the implementation of commercial manufacturing 
methods. We also modified the electrodes to demonstrate a NH3 sensor that can be used in 
conjunction with the NOx sensor for feedback control of emissions systems. Once desirable 
properties are achieved, we will work closely with potential customers in order to dynamometer 
and boiler test these devices. Ultimately, this will accurately gauge the level of readiness of 
mixed potential sensor technology for commercialization and eventual use of this important 
electrochemical technology. 

Technical Session Topic: Advanced Controls 



lNTRODUCTION 

There is a renewed desire to pursue the development of new and innovati ve sensors and 
control systems to support the full-scale implementation and operation of highly efficient, near­
zero emission power generation systems. Sensors and process controls are vital to ach ieving and 
assuring highly efficient operation and reduced emissions. Applicable sensing teclmologies and 
transduction mechanisms available for fossil energy appl ications are lim ited because of th harsh 
operating conditions (e.g as defined by high temperature, dynamic pressure ranges, fuel/exhaust 
gas composition, etc.) and this is particu larly tme for in situ operation more so than when 
compared to extract ive approaches. 

Over the past decade Los Alamos National Laboratory (LANL) has developed a unique class 
of electrochemical gas sensors for the detection of carbon monoxide, hydrocarbons, hydrogen 
and nitrogen oxides. 1

-
16 These sensors are based on the mixed-potential phenomenon ,md are a 

modification f the existing automoti ve lambda (oxygen) sensor and have the potential to meet 
the stringent sensiti ity, selectivity and stability requirements of an on-board emissions/engine 
control sensor system. 17-24 The current state of the art LANL technology is based on the 
stabil ization of the electroch mica 1 interfaces and relies on an externally heated device that is 
fabricated using ceramic tape-casting methods_ [6-25 This prior work has placed us in an excellent 
position to utilize our patented sensor confi guration to create a prototype sensor that emphasizes 
more the ommercial attributes making it suitable fo r in situ testing in heavy boi lers and fo r mass 
production in general. In this project, we employed commercial sensor manufacturing techniques 
with the g al to move this techno logy from an externally heated, extracti n-based system 
(suitable for laboratory R&D) t wards a prototype device more suitable for commercialization. 
New sensors have been prepared that incorporate the unique LANL sensor design in a planar. 
sel f-heated. automotive sensor-type platform. This configuration will facilitate device testing 
under conditions that are more representative of a real world environment for clean coa l 
combust ions applications as well as for engi ne out applications for both vehicle and stationary 
uses . 

In this work, we found that we were able to successfully demonstrate a mixed potential 
sensor fabricated using mass-production tape casting and screen-printing methods. The LA L 
approach to mixed potential sensors is compatible with most aspects of the state-of-the-art 
fabrication methods presently used by automotive sensor mailufacturers. The princ ipal remaining 
and unresolved i 'sue at the conclusion of th is study is whether the sensor' s Y Z solid el ctrolyte 
can be screen-printed and co-fired with the sensor body and electrodes and whether the 
properties of the screen-printed electrolyte can be opti mized to dupl icate the sensor behavior 
already se n in laboratory devices. 1-4,14.15,25 

EXPERIMENTAL 

The materials se lection and processing of LANL tape cast mixed potential sensors has been 
presented in detail elsewhere. [,2 ,1 U6D Sr-doped lanthanum chromite was selected as the 
working electrode and Pt was selected as the pseudo-reference. counter electrode since we 
demonstrated that this electrode pair produced a total NOx sensor with desirable sensor 
characteristics in earlier work. [4 Drawing schematics of the proposed commercial planar sensors 
were designed at LANL and sent to ElectroScience Laboratories (ESL, King of Prussia, PA). 



The dimensions were selected so that they match or easily scale to eXlstmg automotive 
packaging designs for a flat plate O2 sensors. The dimensions were the anticipated values after­
fi ring and densification of the ceramic tape since signi ficant shri nkage accompanies any high 
temperature firing of a ceramic component. ESL compensated for thi s shrinkage factor when 
preparing all of the layers of screen-printing masks necessary to prepare a final green-body in a 
single fi ring. The sensor body was fabricated using unfi red, alumina tape cast green body that 
had the electrodes and Pt leads and resistiv heater screen-printed onto the surfaces in ,'ubse uent 
steps. Th ' entire device was then co- fi red using a proprietary, multi-st p schedule. 

Figure 1 is a digital photograph of one of the first LAN L NOx sensors prepared sh wing the 
reverse heater side and the. sensors' critical working and counter electrodes and the YSZ 
electro lyte. 

YSZ I olyt 

EI trod ds 

Figure 1. Photograph of an ESL-prepared NO x automotive-style sensor ut ilizing uni que 
LANL mixed potential sensor archi tec tu re. 

A new sensor testing apparatus was prepared that was a departure from the hot-walled, 
laboratory tube furnace approach used in our previous sensor R&D. In the past a sensor was 
placed in the center of an externally heated quartz tube with gas tight fitti ngs placed at either end. 
This experimental configuration was not necessary since the ESL-prepared sensors incorporated 
a resistive Pt heater. Figure 2 is a photograph of a specially prepar d quartz tube that placed the 
sensor electrodes in the test gas stream in a manner not too unlike the orientation that 
commercial automotive sensors are placed in an exhaust manifold of a veh icle or engine 
d namometer. A commercial flat-plate O2 sensor mount was used to hold the LANL sensor 
using the four metal spring-loaded clips that wou ld normally be used with a commercial sensor. 
A rubber stopper was used to hold the packaging in place and silicone gasket sealant was used to 
seal the gaps around the four wires providing electrical contac t to the sensor elec trodes and 
heater. 

RESULTS AND DJSCU 'SION 

Figure 3 shows the heater resistance as a function of temperature as external heat was applied 
to the device. The sensor body was then removed from the tube furnace and placed into the cold­
walled test cell with a thermocouple affixed to the electrode region of the sensor with Ag epoxy. 
Figure 3 also shows sensor electrode temperature as a function of applied heater vo ltage. The 
heater power is plotted with knowledge of both heater voltage and heater current The resistance 



tolerances of the Pt thin fi lms \vere qu ite good with one group of the fi rst batch of sensors having 
an average res istance of 9 ohms with a standard deviation of 5%. 

The room temperature, two-poi nt resistanc across various points of the electr des was 
measured on several devices. The two-point resistance from the Pt pad to the Pt counter electrode 
was typical ly about 2.9 - 3.0 ohms. We suspect that much of this re. istance is contact resistance. 

Figure 2. Photograp h of the testing ap pa ratus created for the new autom otive-style NO x 

sensor. Standard, au tomotive, fla t- plate cera mic sensor packaging was m od ified and 
demonstrates co mpatib ility of the new LANL device with present, co mm erci al sensor 
packagi ng. 
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Figu re 3. Initia l sa mples p rovided to us fro m ESL perm itt ed the testing of the resi stive Pt 
thin film heater , (Left) The heater res istance was determined as a function of tem peratu re 
as delivered an d after an extended 800 D e an neal. The heater res istance may be use d by 
control electronics for temperature feedbac k. (Right) Measurement of electrode/electrolyte 
temperature an d heater power as a function of applied voltage. 

The two-point resistance for the lanthanum-chromite working electrode, measur d in an 
identical fashion, was substantially higher as predicted due to the much lower electr nic 



conductivity of the metal oxide . The average resistance of the chromite electrodes was on the 
ord r of 55-75 K-ohms. All of these values are not unreasonable based on previous, bulk s nsor 
work. Neverthel 55, controll ing and tailoring these values will be important for future device 
optimization. 

Several sensors were chosen at random from the first batch of ESL devices. The difference 
between the devices was a slight difference in target porosity/density of the Y Z solid 
electr Iyt • a difference that could readily be discerned with the unaided eye. All of the in itially 
tested devices functioned and produced a measureable response to CO, HCs, NOx and hydrogen 
species. The interference from CO and H2 were minimal and were not studied after initial 
measurements were made. The test fixture worked very we ll as little no ise was seen in the data 
although the large dead space surrounding the shaft of the sensor undoubtedly lead to increased 
response times. The response ti mes are in part controlled by the flow rate of the air across the 
sensor and 200 sccm was used for these experiments and was limited by the experimental setup. 
The I ft plot in Figure 4 is a typical response of the devices tested in open circuit (un- biased 
mode) for 100 ppm of NO, 100 ppm of N0 2 , 500 ppm ofC3H6 and 500 ppm of C3Hg. 14.25.27 All 
of the devices except one produced a similar unbiased response. One device produced little 
response to any test gas at any op rating voltage. A closer inspection under an optical 
microscope revealed that the source of this anomalous behavior of th is one device was caused by 
a small crack bisecting the electrolyte between the working and counter elec rodes. 

Figure 4. Res ponse of ESL device 1A#4 using Pt resistive heater to 100 ppm NO, 100 ppm 
N02, 500 ppm C3H6, and 500 ppm C3 H8 in an air background flow ing at 200 seem f r open 
circuit (Left) a nd current biased condi t ions (lnA applied current, Right) . Hea ter voltage and 
current was 14.03V and 0.63A. 

In the next exp riment, a current bias was appl ied to study how the re lative HCINOx 

sensitivity changed under applied cun ent bias. Figure 4 also shows the eha ge in the response 
characteristics of one of the ESL devices to 1 nA of applied cunent. Th right-hand plot in Figure 
4 shows several characteristics that we saw with the bulk, tape-casted laborat ry sensors in that 
the NO r~sPs~~ e ~rns negative \as is the case wi.th the N0 2 signal) ~nd the HC respon~e is 
reduced. . . ThIS phenomenon IS a result of a resistance change supenmposed upon the mIxed 
potential generated by the presence of the test gas. The magnitude of the resistance change is a 



function of the electrode/electro lyte interface in the presence and absence of NO,j HCs. The 
current biased behavior seen for LANL-prepared tape cast devices differs than what is seen in 
Figure 4. F igure 5 shows the unbiased and biased r sponse of a large, externally heated tape cast 
device prepared fo r this work to study in comparison to the ESL devices and aorees very we ll to 
previous work. 14 The fact that the behavior of the ESL devices di ffi rs from previous bulk-type 
LANL devices was not unexpected and merely suggests that further optimization of the planar 
devices w ill be required. 
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Fig ure 4. Response of a LANL-prepared tape cas t, LaSrCrOj YSZ jPt device operat ing at 
550°C (exte rnally heated in tub e furnace) to 100 ppm NO, 100 pp m NO z, 500 ppm C3H6, and 
500 p pm C3HS in an air background flowing at 200 seem for open circuit (Left) and curre nt 
and at 1 ~ current bias (Right). 

The device that produced the response data shown in Figure 4 was selected for a li fetime test. 
This device was operated continuously in one test fixture over a period of almost 700 hours 
while periodically open circuit and biased measurements" ere made . Our pre ious NO" sensor 
work showed that any sensor aging is quickly apparent, as the basel ine voltage under current bias 
is sensit ive to small changes in device impedance. Such changes in total device impedance may 
be the result of interfacial reactions due to impurities, chemical reaction between 
electrode/electrolyte phases, or changes in electrode/electrolyte morphology. 

Figure 5 shows the reduced data from these series of experiments. For each run, 100 ppm 
I vels of NO and N02 were compared to 500 ppm levels of propane and propylene, Th open 
circuit data shows little drift; however the biased results clearly show a problem in terms of 
devic respon 'C stability. The voltage level for 100 ppm N02 shows the most change over ti me. 
The absolute level of voltage produced for 100 ppm NO does increase over time however it is 
nowhere near the level of voltage for the 100 ppm N 2. The hydrocarbons are not stable over 
time as well. Under biased conditions, the measur d voltage is a sup rposi tion of the mixed 
potential voltage and the voltage need to maintain a constant cUlTenL The drift in sensor response 
was not observed in the LANL bulk devices uti lizing controlled interfaces and therefore must be 
an artifact of the llse of commercial ceramic processes. Since it was apparent as early as 150 
hours that the ESL device was showing signs of aging, other samples were studied to det nm ne a 
cause. 



Pos t-mortem analyses of the ESL sensors was performed using el ctron microscopy (SEM 
and ESEM) and x-ray analytical t chniques. Figure 6 is an SEM image of the doped lanthanum 
chromite electrode. This electrode was prepared by screen-printing ink using powered 
Lao 8SrO.2Cr03 that was purchased from Praxair. It is well known from extensive solid oxide fuel 
cell research that it is difficult to sinter chromium oxide phases below about 1600°C whic h has 
led to novel methods to prepare dense lanthanum chromite materials and fi lms. 2829 'he screen­
print d fi lms prepared by ESL appear to be adequate for our sensors. While film shows porosity, 
the chromite particles are well sintered showing a relatively smooth surface, good cohesion, and 
good adhesion with the alumina substrate. 

> s 
<l) 
({) 
co 
o 
Q. 
(() 
<l) 

a:. 
"­o 
(() 

C 
<l> 
(/) 

~ NO __ C ll , . 
150 _____________ ....J 

100 

- '00 

- I SO 
C 100 200 300 400 500 600 700 800 

Time (hrs) 

:;­
E 
<l) 
Ol 
;3 
o 
> 
o 
({) 
co 
<l> 

(/) 

'.0 
.!i '.t • lH I 

250 '----------------1 
ZOO 

150 

100 

'50 

o 

·50 
o 100 200 l OO 400 500 600 700 

Time (hrs) 

Figure 5 . Long te rm, isotherm al test data for IA#4 over 700 hours of continuous operation 
a t open circu it (Left) and I nA biased (Right). Open circu it stability indi cates stea dy hea ter 
perform ance and unchanging heterogeneous catalytic properties, the la rge drift in the 
b ias ed sensor voltage is symptomatic of changes in the ionic conductivity of the electrolyte 
or charge transfer resistance of the electrode/electrolyte interface. 

Figu re 6 . (Left) SE M micrograph of the Lao.eSrO.ZCr03 screen -printed work ing electrode after 
fi r ing and densi fi cation. (Right) SEM m icrograph of the ESL scree n-pri nted Pt co un ter 
e lectrod e shows a rough surface with a large particle size d is tribution a nd random 
m o rphology. 



The Pt counter electrode has some undesirable attributes compared to the chromite electrode. 
The un iformity seen in the metal-oxide, work ing electrode is absent. There is a large distribution 
of Pt grain sizes and shapes and. unlike the chromite electrode. the urface is more rough. This 
roughness wi ll produce an electrode/electrolyte interface with a high surface or electro-active 
area and this is the exact opposite 01' what our previous mixed potential research has shown is 
desirable. Furthennore, some sensors showed a Pt cOlmter electrode with needle-like grain 
structure. Moreover. such grains produce an interface with a high surface energy and as such, 
structures wi th this morpho logy are prone to grain growth at elevated temperature. This is 
unwant d in a mixed pot n tial sensor since it wi ll cause a change in device response with time. 
Therefore, the Pt electrode must be impro ed - both in terms of lmiform grain structure and 
smoothness - in order to make these devices into successful mi xed potential NOx sensors using 
commercial methods. 

After completion of the 700 hr life test, the device was studied using 3-dimensionaL X-ray 
tomography (MicroXcrfM. xradia Corp.). The use of X-ray imaging tomography has allowed us 
to see the structure of the device tmderneath the YSZ electrolyte at the electrode/electrolyte 
interface. It is this interface that governs the sensor response behavior and is responsible for any 
aging characteristics. Inspection of Figure 7 immediately shows some interestjng results that can 
easily explain the aging phenomena during the life test. f irst, and mo t obvious. is the crack 
surrounding the chromitc working electrode. This crack was not apparent to the unaided eye. 
Second, there is a large population of pinhole defects surroundi ng both electrodes. These defects 
are most likely caused by the screen-printi ng and masking process and their presence wil l affect 
YSZ adhesion, them1al expansion properties, and mechanical stability and wi ll be th source of 
more cracks and ultimately lost adhesion commensurate with thermal cycling. Lastly. there are 
several substantial defects along the Ptlsolid electrolyte interface and t lis placement could easily 
explain the large am unt of drift in sensor baseline voltage since this is an area where the current 
flow could easily be affected. Also, the high degree of roughness of the Pt electrode can be sen 
in tht: upper right image in Figure 7. 

Some of the r maini ng companion sampJ s were examined to determine the strength of the 
adhesion of the YSZ electrolyte to the underly ing electrodes and a lumina substrate . It was found 
that very little force was needed to br ak the YSZ layer away from the electrodes and alumina 
substrate. With the first series of sensors, a portion of the 'Cfeen-printed YSZ Jayer covered the 
Pt and chromite electrodes and a portion of the alumina substrate. The strcs. es induced on the 
YSZ layer. brought about by the simultaneous contact with materials of different thermal 
expansion oefficients, may have weakened the adhesion of the electrolyte to the electrode 
material. Analysis showed that the underly ing electrodes show no sign of damage or evidence 
of adhesion to the YSZ and thi s suggests litt le interaction between the electrode and electrolyte 
d uring the sintering and densi fication process. 

We provided feedback to ESL on all of these issues. ESL altered severa l rrocessing 
parameters and prepared a new series of devices where the sc reen-printed process used on the 
YSZ layer was changed to mi ti gate th defects. The open circuit response of these devices 
behaved similarly to the previous batches however the current biased response behaved poorly as 
with the first series . X-ray tomography analysis of one of the new devices showed that there was 
a di continuity in thickness and Y Z morpho logy at the transition point from the alumina body 
onto the Pt electrode confined to the region between the two electrodes. This explains why the 
ClllTent biased perfonnance was no better in these devices compared to the fir t senso r series. 



Figu re 7. Mic ro-XTCM tomography imaging of an ESL prepared NO x sensor with La-Sr-Cr-O 
worldng electrode, Pt counter electrode, and YSZ electrolyte in th ree d jfferent image p lanes 
and c ntras t val ues (top left and right, bottom left) and a false-color com posite image 
showing patte rn ed Pt res istive heater (bottom righ t) and wo rking sensor s t ructures from 
the bottom pe rs pective. Defects in the YSZ solid electrolyte - in cl uding large cra cks- are 
clearly seen in these images. 

The irregular morphology of the Pt electrode and the rough surface may have affected the 
morphology of the overcoat YSZ and this may have contributed to the interfacial damage seen 
on many of the s nsors . Reformulated Pt ink was prepared and the firing temperat ure modi fied to 
create a smoother, denser Pt elec trode. Figure 8 shows SEM micrographs of an improved ink 
formulation after try ing a few new formulations and firing temperatures. The new ink shows a 
more unifo rm grain size and an overall smoother microstructure with less porosity . This is 
illustrated in the figure where there is litt le porosity with smaller grains populating th surface on 
top of large, 10-20 I-lm sized Pt grains. Also, profi lometer data or surface roughness data of the 
sample show an improvement vis-a-vis a smoother Pt film . The testing of ESL-prepared sensors 
with the new smooth, dense Pt electrode will be the focus of future work. 



Figure 8. SEM Microgra phs of post-fired ES L Pt ink use d for the LANL devices. The old 
formulati on fir ed at 14 50°C for 1.5hr is in the images on the Le ft compa red to images of the 
new ink fo rm lation fired at 151 0°C on the Righ t. 

Ammonia Sensor Development Using Modified ESL NO, Sensors 

As a result of earlier work, we have tested and have filed a patent application for mixed 
potential sensor of the LANL configuration (tape cast confi guration with Au and Pt wires as 
stable, reproducible lectrodes) for ammonia. 30 In previous work we prepared a tape cast device 
that uti lized a stable Au wire electrode in place of the strontium-doped lanthanum chromite 
working electrode. It was not possible to prepare a device analogous to the plan r NO, sensor 
since the low melting point of gold precludes firi ng the Au electrode along with the sensor body. 
Furthermore, the low melting point also precluded th screen-printing and firing of the YSZ 
electrolyte in a two-step process. The YSZ may be depos ited using a vapor deposition approach, 
a method that is routinely used in industry for optical coatings and even t apply Pt electrodes or 
YSZ electrolyte for automotive sensors. We did prepare a few ammonia sensors at LANL u ing 
modified ESL-prepared NO, sensors . We removed the Pt and lanthanum chromite electrodes and 
applied AulPt electrodes using RF sputtering. 

Figure 9 (Left) is the open circuit r sponse of an ESL prepared device (a companion device 
to the one that produced th NOx/HC response in Figure 4) including testing with 100 ppm of 
NI'h As with our earlier, tape cast devices (e.g. like the respons shown in Figure 5), the sensor 
shows a positive (ammonia oxidation) response when operated in an open circuit mode; 
comparable but oppos ite in sign to the voltage produced with 100 ppm of NO_. As with the other 
ESL-prepared, LANL mixed potential devices, the sensor did not respond in the manner of a tape 
casted sensor under current bias because of the properties of the screen-printed YSZ, ESL­
applied electrolyte . 

In the last experiment of this project, we utilized a hated ESL substrate without a working 
electrode or the electrolyte. We sputter-deposited an un-optimized Au working electrode film 
(SOOOA) in place of the chromite, metal oxide electrode used for the NOx sensors . Figure 9 
(Right) shows the preferential r sponse to NH3 versus N0 2 and establishes a proof of concept 
that ESL will be able to fabricate these devices in the automotive "stick" platform. The 
properties of the sensor that produced Figure 9 are completely un-optimiz d and are the result of 
standard deposition parameters used for previous LANL thi n fi lm sensor work. However. the 
pr ferential sensitivity of a device util izing a stable Au electrochemical interface to ammonia is 



demonstrat d . Th se results, taken together with a LANL grown YSZ .Iectrolyte, demonstrate 
the potential to conunerciali ze both the NOx sensor and NH3 sensor. 
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Figure 9. (Left) ESL Device lA #3 operated at lSV and 0.62A in 200 seem of a ir and 
r espo nse to 100 ppm NO, NO z, NH3, and 500 ppm C3H6 and C3Hs. (Right) ESL Devi ce 3#6 
w ith a n un-optimized LA NL sputtered Au working el ectrode and LANL sp utte red YSZ 
e lectrolyte o perated at 6 .8V and 0.70A in 200 seem of ai r an d response to NO, an d NJ-h 
showing a la rge preferential sensi tivity to ammonia. 

CONCLUSIONS 

We implemented designs for a new mixed potential NOx sensor that incorporates the ideal 
properties unique to the LANL methodology, selected electrode materials, and had a sensor 
prototyping faci lity (ESL ElectroScience Laboratories of Ki ng of Prussia, PA) provide us 
commercially prepared sensors for our evaluation. The challenge of th is work was to preserve 
the electrochemical and interfacial properties unique to LANL mixed potential sensors using 
manufacturing methods presently in use for automotive combustion control sensors. 0 erall , this 
project was successful in that most of the devices functioned as a mixed potential gas sensor in 
the open circuit mode. We studied the materia ls prop rties of the electrodes (electronic 
conductivity, adhesion to substrate, cohesion, micro-structure, etc.), the YSZ electrolyte. and 
most importantly, the microstructure of the electrode/solid lectrolyte interface. We found that 
the lanthanum chromite electrode possessed adequate adhesion, cohesion and electronic 
conductivity for use as a mixed potential sensor. The original Pt electrode suffer d from high 
surface roughness and a high surface energy morphology that would account for the aging 
problem '. A new ink and firing schedule has been developed. 

The sensor response to NO, N02 , and He cross interferents was studied in open circu it and in 
biased modes for up to 700 hours of continuous operation. We also studied heater performance, 
mechanical stability to thennal cycling, and overall device stabil ity. The devic s exhibited 
exceptional mechanical stability and showed very lit Ie effec ts of aging in open circuit 



(predominant hydrocarbon mode). However, r sponse drift was seen in the CUlT I1t biased mode 
used to augment sensitivity to NOx• Furthermore, the device response characteristics in biased 
mode did n t behave like LANL tape cast NOx sensors we have studied in th past. An analysis 
conducted on the morphology using scanning lectron microscope (SEM) and environmental 
s anning electron microscope (ESEM) methods showed that these negative performance 
attri butes were caused by poor electrolyte fi lm attributes and by the presence of phys ical defects 
in the YSZ electrolyt and particularly at the e l trodc/electrolyt interface . This materia ls 
property issue mu t be addressed in future work. 
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