New Advances in Non-Dispersive IR
Technology for CO, Detection

ABSTRACT

This paper discusses new technology developments in carper
dioxide (CO, detection using Non.Dispersive mnfrared (NDIR)
lechniques. The method described has successfully bean usad
n various applications ang enviranments. It has exhibiied ex-
tremely reliable long-term stability without the need of routing
calibration. The analysis employs a dual wavelength, differential
detection approach with compensating cirguitry for component
aging and dint eccumulation on optical surfaces. The Instrument
fails “safe” and provides the operator with a “fauft” alarm In the
event of a system fallure. The NDIR analyzer cescribed has been
303ALIRCG to NASA Shace Station requirgments and a braadborrd
furmished unger NASA contract NASS.17642,

THE MCASUREMENT OF CARBON DIOXIDE (CO) GAS by
Non-Dispersive Infrared (NDIR) detection has been the analytical
method of choice for over four (4) decades. While innovative 1ech.
niques to minimize limitations of traditional NDIR approaches
have signiticantly improved CO. analyzer performance, problgms
still remain related to cost and applioations using sta~dard
techniques, The purposs of this paper is to brigfly relate some
altarate NDIR CO, detection approaches and describe a unigue
lechnique adapted ‘o certain industrial processes, safety
monitoring and NASA's Space Station program. It is 2 "“fall-safe™
open path, dua! wavelength, dual siope Integration method,
which has successfully been used In stch diversa envirorments
as the Sahara desert, Norih Sea and various petrochemical
planis worldwide.

REVIEW OF CURRENT CC. NDIR ANALYZER APPROACHES

The phengmenon ¢f infrared energy absorption by certain
gasas at specific wavelengths has been applied 1o the analysls
of many gases of interes:. CO, has a strong absorption pand at
4.3 microng (Figure 1), which is generally used in all NDIR tech-
niques. The infrared gsource is directed down 3 gath ©f kAdwn
iengtrn and the infrared absorplion by the gas moiecules is
detecied as a measure of concentration,
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FIGURE 1, CC, SPECTRUM

CLOSED SAMFLE AND REFERENCE CELL TECHNIQUE

Figure 2 depicts a popuiar methed of CO, deteclion used for
many ye&rs.' it congisis of a referenca ¢sll and 2 sample celi,
each with individual infrared (IR) sources, The figure illustrates a
capacitive diaphram detectior, which beciémes distended as the
partial pressure of the sample cell changes related to the ref.
grence cel!, due to the absorption of iR energy by the gas molg-
cuies in the sample ceil. The differential measurement is quan-
titied and directly reiated to gas concentration. While some sig-
nificant improvernant was gained in substituting solid state IR
detactors for capacitive detectors, problems related to aging rate
gifigrences in muitiple iR sources and deteciors stili caused sen-
sor drift,
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FIGURE 2. LUFT DETECTION PRINCIPLE NON — DISPERSIVE
INFRARED ANALYZER

Figure 3 shows anotheér approach 1o NDIR.2 It uses dual IR
sources and duzl deteciors 10 aliminate 21l moving parts, such ag
a beam Chopper, Tha sysiem incorporatas an optical referance
path for syslem gain ¢alibration. The referencs fiiter is chosen to
provide an absolute "zero”, with fo response to &Ny Qas or water
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vapor present, The massuremant palh contains an oplical filter
salacted for the ges to be analyzed. Thus, when the sample gas
entars the measuring cell, a differential measurement for the
“measuring” path and the “reference" path Is mada, resulting in
2 gags concentration analysls. The normal dritt of the IR souregs
and detectors assoclated with aging and associated varying drifi
rates is comrected In calibration with standard gases at rugu?ar In-
tervals.

A summary of the problems of using & reference c&ll and multi-
tle dalectars andior scurces follows:

1. The reference osill, which is normally filled with &
‘reference” Gas can leak, resulting in sensor drlft. This Is a par-
ticularly anncying probtem if a slow leak or a changing leak rate
develops.

2. The use 0f gither a dual IR source andlor dual IR deteator
has the obvious shoricoming of produging varying drift raiss
associated with aging.

3. In dual path gysterns (separata reference and sam pie paths),
differencas in IR absorption caused by uneven coating of optical
sutfaces rasuitain erronsous messurements, This effect l= direct-
ly proportional to the “cleanliness” of the gas sample and conse.
quent daposits on the sample cell optical surfacas.

4. Most closed sample cell NDIR analyzers use a hi Bly-
reflectlve surface inormally gald) to collimate the IR beam, which
directly corresponds to overall system gain, Many field reports
relaie peeling or corrosion of golddined substrates, resultlng in
drift.

5. A closed sample call ragquires the use of a pump or as pirator
to draw the sample, creating an extemal failure mode (eq. a
pump failure or a ruptured line), undetected by the analyzer, gx.
cep! for additional flow monitors, which do not normally detect
downstream leaks (eq, in the sample cell),

In summary, the above described systems uBing separale
referénces and sampie cells, multiple sources andior detectors
havq some inherent shortsomings because changes ecourring in
ong IR path related 1o the other are, for the rmost part, undetect.
abls. One may ask: whiah is drifting, the reference or the sample
path? Fraquent calibration is uged to minimize thess problems
but the systams do not fail “sate” or aler the cperater when z
major fault ocours.
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FIGURE 3. DUAL BEAM NDIR WITH DUAL IR SOURCES & DETECTORS
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“FAIL-SAFE"", OPEN PAT, DUAL WAVELENGTH NDIR

REQUIREMENTS FOR FAIL-SAFE MONITORING - Design re-
quirements of a system to raliably and safely monitor gases are
as follows:

1) The system should be "active”, i.e. it should continuo.sly
monitor the environmen! by performing an cperation which
resulis in the direct sensing and quantitative measurermant of the
CO, gas present, rather than await a secondary effect for Jeteo
Lion. The absence of the active operation must result in a “fault™
warning indicating a sensor mgifunction, In other wards, it must
fail “safe”.

<) The device should be self-chacking, avtomatically calibrate
zero, eliminate span drift, not require periodic field maintenance
to verify its operation and provide a “fayit” alarm in the event of 2
malfunction.

33T he sensor should not be “blinded"” in any gas concentration
(evean 100%) and operale in any aimosphere.

4) The sensor shovla nol be poisoned by any chermical agent or
gnvironment,

b) Tha sensor should be immune to interferences from other
gases and water vapor to sliminate erronaous resulls.

8) The sensor musat be stabie in any application, (13 sensitivity
must not bs degraded with time tr gas exposure.

- 7) Detection must be reliadle, fast and therefore cannoat rely on
external sample systems.

SYSTEM DESCRIFTION — IR GAS DETECYOR - A non.
dispersive-infrarad (NDIR) Datsctor sensitive to CO, was
developed to meet all of the above-mentioned design re-
quirements (refarence figure 4). It ia powered by 24 volts DC ang
provides & 4-20 mA analog signal outpul. A system “Fault" Is in-
dcated by “O" mA output,

3

The IR Transmitter usas a single beam dual wavelength
system with an open sample cell arrangement. Two discrete,
narrow-band optical interfargnce filters are used to a) deteat the
CO, gases and 1o b) provide a true "“Zero” for an absolute
refarence

The (R transmitter has automatic compensating circuitry for |8
sourcae and detector aging, dirt accumulation on the window and
system gain changes. Automatic Gain Control is employed in the
detection procgss. An alarm signal is transmitted if the infrared
signal strengih falls below allowable compensation limits or if an
ingtrument malfunclion occurs. Fail-Safe operation and system
stalus are automatic,

QPERATION - The IR Gas Detector's unique wavelength ratio.
ing and differential integration technique virtually eliminatas
zero drift or sensor deteridration.

A} Intrared anergy from the (R sourcs passes through two nar-
row band interfgrence filters, a sapphire protective window and
opan cell and is refiected and focused by the spherical mirror
badk through the window onto the aolid-state datector.

B) The sample filter wavelength is selected for the specific line
spectra absorbed by the gas to be analyzed.

C) The "Zaro™ or reference liter Is chosen for non-absarbance
characteristics of molsiure and ail other gases presant. True
“Zero" is checkad and reset 3 tirnes/second.

O) Synchronous detection, dual wavaelength raticing and pro-
cessing of reference and sample signals are then parformed to
sliminale the drift assoviated with aitemate IR deteclors,

SENSOR RESPONSE - Measurement of CO, gas of up to 100%
concentration in any environment is easily obtainable with this
design. Typical CO, responses are iliustrated in figure 8. Since
there are no sample sysiem delays with the open cell configura.
tion, system response time is on the order of 3 seconds or less.
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FIGURE 4. BLOCK DIAGRAM INFRARED ANALYZER ASTRO INTERNATIONAL CORPORATION

'“FAIL-SAFE" is celined &8 the inherant charactenstic ¢f the inglrament 1o indicate favity operation in any failure mads.
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FIGURE 5. MODEL 5600AT STD. CELL RESPONZEE TG CO,

MAINTENANCE - The IR Gas Detecior described requires nic
periodie field adjustment or calibration. “Mainlenance-On-
Demand” is indicaled by the “Fault” alarm. The “Fault” alarm
signgi is transmitted when githar the infrarad energy Is decreas-
a4 beyond the automatic electronic cormnpensation canatility or if
a compenent malfunctions, When the “Fault” alarm signal ac
tivates due to insuificient energy reaching the datector bayond
‘me elecironic compensation, the probabie cause is a dirty op-
lieal window. Ease of window cleaning (usually only required in
'he absence of a “dust cover' in a dirty environment) is @ major
feature of the IR Transmitter. No 100is are required. The protec-
tive window naed only be wiped ¢clean. The R transmitler does
not have to be turned off, requires no realignment, recalibration,
nor even opening &f the enclogure, enabling rapid return to ser
vice,

FIELD RESULTS - The SIRA Institute in the United Kingdom
has tested the IR detection technigue used in the Astro NDIR
Detector, Evaluation Report E 156382 is avaitable to members of
the [nstitute.

SENTER FOR INDUSTRIFORSKNING (81) in Oslo, Norway has
evaluated the Astro NDIR Gas Detection method in connection
with its approval for use as & combustibie gas detector in Nor
way, including North Sea operationa. The gvaiuation involved a
six (&) month jong-term test,
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OTHER APPLICATIONS - Use of the IR Transmitter for amblent
monitoring of combustitle levels of carbon monoxide {(CQ} and
combustible gases (C-H) has sucoessivily been accomplished.
Process monitoring for either C-H, CO or CO, use a closed pro-
cess cell configuration. Figure 8 shows the configuration used as
the CO, detector incorporated into a Total Organic Carbon
snalyzer for the Space Station,

SUMMARY AND CONCLUEION - The new infrared tachnology
zpplied 1o the moenitoring of carson dioxide has aftorded the user
an economical, fail-safe method of detection whioh has
gliminated the major failure modes of altérnate sensors. Figld
reports rom industrial and governmental usérs have expressed
signiticant enhancement In detection, reliability anc lowear
maintenance costs of it operation.
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