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CO, measurement system based on pyroelectric detector
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CO; concentration sensor based on the infrared (IR) absorption is presented, by using a pyroelectric detector the sample absorbed IR radiation
is obtained and the C{roncentration is calculated, system capabilities, sensibility, repeatibility and, time response of developed system are
studied, results show that based on a photopyroelectric technique is possible to get an accunaga§i®ement system.
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1. Introduction because measurements are affected by sample temperature,
emission intensity, emitter and receiver alignment, and emit-
Gas detection is one of the most important research subjectsy lifetime.
not only in laboratory, but also in several topics as: envi-  For variable wavelength systems, there are two main tech-
ronment, farming, industry and, in variety of applications niques, the first one using band pass filters made with thin
like fire detection, environmental monitoring, alcohol breathjayers, which change its central wavelength under deforma-
tests, home safety, grading agroproducts, health, car combugon process due to an applied voltage, the second makes use
tion, etc. [1-8], its importance is so high that, several sensorsf Fabry-Perot chambers, that acts as selective filters based
and sensing techniques are already developed in order to dgn resonance chamber, which wavelength is tuned by mov-
tect gases. ing the distance between those mirrors that forms the cham-

Among all different gases that can be present in the atmober [11].
sphere, Carbon Dioxide (Gstands out, because thisgasis  In double wavelength case two detectors are used, one
responsible for infrared light absorption which comes fromdetector with a working wavelength centered to specimen
solar radiation, is the main greenhouse gas, responsible fesorption band and, the second one with wavelength close
global warming, is used for plants in photosynthesis processo absorption band, in this way first detector is responsible
it can be used as food spoilage indicator, and many other ager measuring sample absorption while the second monitors
plications, on basis of its importance for daily life it is neces-emission variation, in this way error due to emission intensity
sary to find effective ways to measure €éarcurately. variation is avoided.

Most used techniques for GQdetection are based on Light absorption is not only a pure optic phenomenon; it
infrared detectors, this is due to quick response, reliabilityalso implies thermal phenomena like thermal expansion, heat
compact size, etc. [9,10], infrared detection is based on algeneration, etc. Taking into account heat generation a pyro-
sorption spectra, where Beer-Lambert Law (BLL) is usedelectric detector can be used as gas detector if the suitable
this law relates absorbed radiation with sample concentraconditions are set.
tion, it also makes use of the distance between emitter and In a classical photopyroelectric experiment, the setup is
receiver. Beer-Lambert law establish that concentration i@s follows, frequency modulated light(), is sent through
directly proportional to, absorbance, in certain wavelengthan interest sample with, length and strikes on pyroelectric
and trajectory length for constant temperature and pressurehat isL,, thick as the scheme showed in Fig. 1.
it is important to point out that there are some deviations of  According with our experimental conditions and based on
the linear behavior of this law, where some factors as partiphotopyroelectric spectroscopy theory [12], if the pyroelec-
cles dispersion, parasite radiation and electrostatic interactiotic sensor is optically opaque and, the sample is optically
among particles in the vicinity. transparentys, > L) and thermally thin g, > L) with

Among those systems based on the BLL it can be menys, sample optical absorption length, = ﬂj‘l), 11s Sam-
tioned: single wavelength systems, double wavelength sygple thermal diffusion length, the pyroelectric voltage can be
tems and, variable wavelength systems; in single wavelengtliescribed by:
the presence of a compound is measured on the basis of the 4 (s — ) Bs L
radiation absorption, of that compound to a specific wave- V(wo,Bs) = A (n” s — Tp)Ps S)
length, by means of the relationship of the detected radia- op(kpop + kgg)
tion with and without sample; the main problem with this whereg, is the sample optical absorption coefficient at given
methodology is that, it requires frequent calibration, mainlywavelengthg,, pyroelectric detector complex thermal diffu-
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FIGURE 1. classical experimental setup for photopyroelectric mea- £, re 2. Dual window scheme for COconcentration measure-
surements. ment, A is a narrow infrared optical window with central wave-

] o ) o length of 4m B is a narrow infrared optical window with central
sion coefficient ands,, pyroelectric thermal conductivity, as wavelength of 4.26:m (2347.42 cni') central wavelength.
it can be seen, pyroelectric signal is proportional to the prod-
uct 3, L, indicating that under this experimental setup con- -
ditions, pyroelectric signal carries information regarding the :
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As it was mentioned previously, by using a pyroelectric . driver
detector with an optical window which allows the wavelength
in the sample absorption bang,j and, other detector with
an optical window with central band outside of the sample pyroslectric Thermal
absorption bandp(.), the first one acts as pyroelectric mea- e ————— | isolation
sure detector while the second one serves as reference dettla:c— 3. Experimental set d for G@ rati
tor used to monitor light source variations, based on Eq. 1 IGURE 2. Experimental setup used for fgoncentration mea-

. . Surement, A and B are narrow band optical windows, light source
sample amount can be estimated from normalized pyroeleqé an halogen bulb
tric signal (pq/Vpr).

— net
Window A

izing reference signal in order to avoid instrumental factors
_ like pyroelectric constants.
2. Materials and methods Halogen bulb with tungsten filament was chosen in this
work based on its tested emission spectra and the fact that
A dual pyroelectric sensor (LHi814 G2/G20 Perkin Elmer) has been used in instruments with NDIR technology; in this
was used; this sensor was chosen due to its build with twease 10 W lamp is used. Light source is frequency modulated
infrared narrow band windows, each one with its own centraht 250 mHz,
band ¢.00 & 0.08 and4.26 + 0.04 pm) respectively, then A chamber with a volume of 1 cirwas designed as sen-
one channel can be used as reference channel which allowg, housing; designed chamber has a controlled inlet that
to measure outside of the G@bsorbance band and the sec- gjlows to control the gas injection, measuring chamber was
ond one as measure channel, with is central band in the CQhermally isolated in order to avoid temperature variations;
absorbance band [13,14]. this chamber also provides the correct environment to con-
By using this sensor the experimental setup showed itrol CO, concentration, and external light isolation, optical
Fig. 1 changes and takes form of dual photopyroelectric cellvindows in front of light source and sensor were used.
like, as Fig. 2 shows. Pyroelectric signals were amplified using an electronic
As it can be seen from experimental setup showed irtircuit proposed by the manufacturer; electronic circuit pro-
Fig. 3, two signals are obtained, those signals are called refevides adequate signal amplitude and also adds an AC to DC
ence and sample signal, reference signal is used for normadtage, an analog to digital converter (ADC) was also imple-
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FIGURE 4. Pyroelectric signals as time function for different gas FIGURE 6. Behavior of absorption bands for G@or studied con-
concentrations. centrations.

begins, therefore under experimental conditions this is the

minimum time need for correct measurements.

115 In the case of 0% C@pyroelectric signal tends to in-

crease its value because there is not @Bsorbing IR radia-

1101 tion having as consequence that more IR radiation reach the

pyro detector and, consequently amplitude signal increase its

value.

1.00 1 Figure 5 presents stable state regime values for differ-

ent CG, concentrations, solid squares represent experimental

B points and, red line is a proposed equation that represents the

0.90 sensor behavior with concentration, each experimental point
T . results from averaging eight measurements, error bar results

from standard deviation of averaged points.
0 20 40 60 8 100 From results presented in Fig. 5, normalized pyroelectric
€0, concentration (%) signal, as concentration function, takes the form:
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FIGURE 5. Stable state pyroelectric values for different £€on- —(¢/16.96)
centrations; squares represent experimental values and, solid line Py =0.288¢ +0.877 @)

the proposed behavior of sighal amplitude. ) . . .
With P, normalized pyroelectric signal and, sample

mented working at 100 samples per second, finally a procegoncentration. Using proposed equation and error bar, it is

sor was added in order to drive a display to show results angStimated that lower limit detection is up to 1%.

save obtained data. As cross validation, sample concentrations were mea-
In order to guaranty 0% COconcentration, measuring sured using a Thermo scientific Nicolet iS5 spectrometer,

chamber was fill with Iy, in such way the atmospheric GO Fig. 6 _shows the FTIR measurements for studie(_j samples.
is displaced, then CO(99.8% pure) was introduced in the This system presents advantages over resistance based
chamber in desired concentrations sensors, especially about recovering, in resistance sensors, it

is necessary to overheat the sensor in order to promote des-
orpcion, whereas in the proposed system since, there is not
3. Results and discussion interaction between sensor and gas under study, there is not
adsorption, even though when new measurement starts, it is

Eight measurements were made every second during twentjecessary to empty the measuring chamber.

four seconds, for five different concentrations, Fig. 4 shows

pyroelectric signals as function of time for five different con- 4. Conclusions

centrations, due to gas dynamics after sample under study

is introduced into the measured chamber, pyroelectric value& commercial dual pyroelectric sensor was used as heart
present different values within first two seconds after meaof CO, measurement system, experimental results shows a
surements starts, therefore it is necessary to wait until sampfavorable response to gas under analysis for concentrations
fills the chamber in order to obtain reliable measurementdpwer than 75%, for higher concentrations is still possible to
stable state is reached around 10 seconds after measuremgat CQ value but uncertainty increase its value, an equation
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that models system behavior was proposed, and concentrap to 10 minutes to give a measurement point, the implemen-
tion of 1% was estimated as the lower detection limit, fur-tation of an artificial intelligence can help to reduce system
thermore more concentrations measurements are neededragsponse time. There is under research a hew experimental
order to obtain better mathematical model and to find out theetup that allows us, to avoid the thermally isolated chamber
lower sensor limits. in order that this system can be used in open environments.
Due to the election of sensors wavelength, humidity ef-
fects can be neglgcted, behind condensation limits, becau%cknov\”ed
the water absorption band is far from the sensor [15].
System time response is around 10 seconds, which is fadtJ.A. Flores-Cuautle is grateful to Eng. J.J. Hernandez Pino
when compared with resistance based sensors, that can taflee his technical support.
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