DETECTORS
Dry Electrolytic Conductivity Detector - DELCD

Overview

= TheDry Electrolytic Conductivity detector, or DELCD, isselective

e — to chlorinated and brominated molecules. It differsfrom thetraditional
FINTRIRIR AR AR AR R TR AN AN . . .
e wet ELCD inthat it does not use asolvent electrolyte, and thereaction
== s productsaredetected inthegaseousphase. The SRI DELCD isavailable
o I aoneor incombinationwith the FID detector. Onitsown, thedetection

limitsof the DEL CD areinthelow ppbrange. Incombinationwiththe

FID, itsdetection limitsarein thelow ppm range. The FID/DELCD

combination enablesthe operator to reliably identify hydrocarbon peaks

detected by the FID ashal ogenated or not. Becausethe DEL CD operates
at 1000°C, it cantoleratethewater-saturated FID effluent, measuring the
chlorineand bromine content smultaneously with the FI D measurement

of the hydrocarbon content. All hydrocarbonsare converted by theFID
L flameto CO, and H,O prior to reaching the DEL CD, thus preventing
DELCD on an 8610C GC contamination of the DEL CD by large hydrocarbon peaks.
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Dry Electrolytic Conductivity Detector - DELCD

Theory of Operation

The DELCD consistsof asmall ceramic tube—
the DEL CD reactor—heated to 1000°C. Insidethe
reactor, a platinum thermocouple measures the
detector temperature, and a nichrome collector
electrode measures the conductivity of the gases
flowingthroughthe DELCD. Thedetector response
is dependent upon itstemperature. Therefore, the
control circuit must maintain thetemperature, withina
fraction of adegree, at 1000°C.

When combined with the FID detector, the
DELCD is mounted on the FID exhaust. Column
effluent entersthe FID flamewherehydrocarbonsare
ionized and combusted. Electrons freed in the
ionization processare collected by the FI D collector
electrode, which has an internal diameter of Imm
(0.040"). Duetoitssmal I.D., thecollector e ectrode
actsasaredtrictor, splitting the FID exhaust gases so
that it takesabout half of theflow, and the remainder
isdirected tothe DELCD. TheFID exhaust gases
consist of un-combusted hydrogen and oxygen,
nitrogen, and water and carbon dioxide from the
combustion of hydrocarbons. Thereaction of chlorine

or bromine and hydrogen formsHCI and HBr, and
thereaction of chlorineor bromineand oxygenforms
ClO, and BrO,. The DELCD detectsthe oxidized
speciesof chlorine and bromine, such asCIO, and
BrO,. It does not detect the acids HCI or HBr like
the conventional wet ELCD. Inthe hydrogenrich
effluent fromthe FID flame, the chlorineand bromine
preferentialy react with hydrogen (or the hydrogenin
water) tomake HCl-HBr. Givenequa availability of
hydrogen and oxygen molecules, achlorineatomis
100timesmorelikely to react with the hydrogen than
theoxygen. Therefore, the FID/DEL CD combination
is100timeslesssenstivethan the DEL CD operated
withthe FID off. The SRI FID/DELCD isoperable
as a combination detector, as an FID only, or asa
DELCD only.

A DEL CD only detector receivesthe sampleladen
carrier gasdirectly from the column or from anon-
destructive detector outlet, likethePID. Itismounted
on the heater block on the column ovenwall so that
the column effluent is maintained at atemperature
congdentwiththeanalyss. Thistypeof high sengtivity
DEL CD useshelium or nitrogen carrier gasand air
make-up gas.
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Expected Performance
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General Operating Procedure
The FID/DELCD combination detector can be operated in the Combo Mode, the High Sensitivity
Mode (DEL CD only), or the FID only mode.

Combo Mode

In the Combo Mode, the DELCD is operated after the FID; the FID signal is usually connected to
Channel 1 on the PeakSimple data system, whilethe DEL CD signal ison channel 2 or 3. Each detector
amplifier isfactory labeled with the datachannel towhichitisconnected. The DEL CD responseinthismode
isuseablefrom 1 to 1000 nanogramswith adightly quadratic calibration curve. EPA and other regulations
allow the use of detectorswith non-linear responseif the operator calibrateswith sufficient data pointsto
accurately model the detector responsecurve. Therefore, the DELCD may requirea6 point caibration where
5point cdibrationisnormaly required.

1. Setthehydrogenandair flowsfor normal FID operation: set the hydrogen flow to 25mL/min and theair
flow to 250mL/min. The pressurerequired for each flow isprinted on theright hand side of the GC chassis.
(NOTE: If you'reusingabuilt-inair compressor, low level sof halogenated compoundsin ambient air—even
levelsbelow 1ppm—can causethe DEL CD to lose sensitivity, and fluctuationsin thelevel of organicsin
ambient air may cause additional baselinenoise. Toavoidthis, useclean, dry tank air.)

2. Set the DEL CD temperature setpoint to 260 by adjusting the appropriate trimpot on thetop edge of the
GC'sfront control panel. The number 260 represents 1000°C; the DEL CD will heat to about 254 and
stabilize. Theend of the ceramictubewill glow bright red dueto the high temperature.

3. Inthismode, the FID amplifier isnormally operated on HIGH gain or, if the peaks are more than 20
secondswideat the base, on HIGH FILTERED gain for amorequiet baseline.

4. TheDELCD amplifierisnormally operated on LOW gain.

High Sensitivity Mode

The DEL CD can be operated d onein the high sensitivity mode by eliminating hydrogen. With hydrogen
eliminated, oxygenintheair will react with the chlorinated and brominated moleculesat 1000°Ctoform CIO,
and BrO,,, which are detected by the DEL CD. Water must also beeliminated; at the high temperaturesinside
the DEL CD, hydrogen di sassoci atesfrom the H,O molecule and becomes available asareactant toform HCI
and HBr, which the DEL CD will not detect. The DEL CD response curveisquadratic inthehigh sensitivity
modeasinthe FID/DEL CD combo mode, but sensitivity isincreased by 100to 1000times. Inthismode, the
DEL CD can perform much likean ECD, except that the DEL CD ismore selectivefor halogensand blind to
oxygen. When possible, quantitate by theinternal standard method, using achlorinated/brominated compound
for theinternal standard peak. Althoughthe DEL CD will not be damaged by large quantities of chlorine/
bromine, thereisashort term loss of sensitivity for about an hour following theinjection of 1uL of pure
methylenechloride, for example.

1. Removethe hydrogen supply by turning it OFF, then disconnecting it at the GC'sinlet bulkhead on thel eft
hand side of theinstrument.

2. Reducetheair flow to the DEL CD to 25mL/min by turning thetheair pressuretrimpot setpoint downto 1
or 2ps. Anadditional 24” restrictor made of 0.001” I.D. tubing would be useful for fine pressure adjustment.

3. If you' reusing acapillary column, push the column through the FI D jet until it just entersthe ceramictubing
of theDELCD. Thiswill improve peak shape asthe column effluent will be discharged into the flowing
airstream and immediately swept into the DEL CD detector volumeby theair make-up gas. (When switching
back to the FID/DEL CD combo mode, remember to pull the column back intothe FID jet.)

4. TheFID collector dectrode alowssomegasto escapefrom the FID combustion area, whichisundesirable
for thehigh sengitivity mode. RemovetheFID collector electrode and replaceit withal/4” capfitting.
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General Operating Procedure continued

FID/DELCD - FID Only

1. Removethe DEL CD heater wiresfrom the push terminals. Removethethree DELCD collector and
thermocouple wires(yellow, white and red) from the scew terminals.

2. Disconnect the DEL CD detector assembly from the FID exhaust by using awrench to loosen the 1/4”
Swagel ok fitting securing thetwo detector partstogether.

3. Useacap nut to seal the DEL CD connection on the FID flameport.

4. SettheFID amplifier gainswitchto HIGH for most hydrocarbon gpplications. If peaksof interest go off the
scae(greater than 5000mV), set thegainto MEDIUM. When peaksof interest are 20 secondswideor more
at thebase and extranoiseimmunity isdesired, set thegain switchto HIGH (filtered). Thissetting broadens

thepeaksdlightly.

5. SettheFID hydrogen flow to 25mL/min, and the FID air supply flow to 250mL/min. The approximate
pressuresrequired are printed in the gasflow chart on theright-hand side of the GC.

6. Ignitethe FID by holding up theignitor switch for acouple of secondsuntil you hear asmall POP. The
ignitor switchislocated onthefront pand of your SRI GC under the* DETECTOR PARAMETERS’ heading
(itislabdledverticaly: “FLAMEIGNITE”").

7. Veify that the FID flameislit by holding the shiny sdeof achromed wrench directly infront of the collector
outlet. If condensation becomesvisible onthewrench surface, theflameisilit.

DELCD Only

1. Setthehelium carrier gasflow to 10mL/minand theair make-up flow to 25mL/min. Clean, dry tank air
hel psto obtain the best achievable DEL CD senditivity and signal stability.

2. Setthe DEL CD reactor temperature setpoint to 260 (= 1000°C) by adjusting thetrimpot on thetop edge
of theGC'sfront control pandl. The DEL CD will heat to about 254 and stabilize. The ceramictube will glow
bright red from the heat.

3. By adjusting the appropriate trimpot, set the thermostatted DEL CD hesater block temperatureto 25°C
higher thanthe”Find” temperatureyou have entered in thetemperature program.

4. The DELCD amplifierisnormally operated on LOW or MEDIUM gain.
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Troubleshooting and Maintenance

Installing the Spare DELCD Cell

Each SRI DEL CD detector isshipped with aspare DELCD cell. Becausethe DEL CD heater operates
closeto 1000°C, it will burn out and fail eventually. Follow theinstructionsbelow to removetheold cell and
ingtall thenew one.

1. Withthe GC power OFF, removethe DEL CD heater wires (2) from the pushterminalsand the DEL CD
thermocoupleand collector wires (3) from the screw terminals.

2. Removethe DEL CD cdll by using awrenchtoloosenthe 1/4” fitting that securesit onthe FID exhaust port
or onthe heater block. Youmay haveto hold theinsulation asideto freely accessthefitting; itissoft and may
be compressed by hand.

3. Positionthenew cell on thefitting with thelabel facing up, asthe DEL CDsare shown ontheOverview
page. Besureto pushthe DELCD cdll al theway intothe FID.

4. Securethenew DELCD cell into place by tightening with awrench thefitting that holdsit onto the FID
exhaust or the heater block.

5. Carefully lower thered lid to make surethat it does not touch the DEL CD cell; thecell will crack if thelid
hitsit. Thereshould beat least 0.5 of clearance between thered lid and the edge of the DEL CD cell.

6. Sendtivity may improvefor thefirst 24 hoursof operating timewiththenew cell installed.
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Asdiagrammed above, the sample entersthe FI D flamefrom the column where hydrocarbonsareionized
and combusted. Electronsliberated intheionization are collected by the FID collector eectrode. About half
the gaseffluent (carrier gas+ hydrogen + air + combustion products) flows out through the FID collector
electrodewhich hasaninternal diameter of .040 (1 mm.). Therestriction caused by thesmall collectori.d.
splitstheflow of exhaust gases so that the other half of the gases passthroughthe DELCD. The DELCD
consists of asmall ceramic tubewhichisheated to 1000°C. Inthe center of the heated tubeisaplatinum
thermocoupl e which measures the temperature and a DEL CD collector electrode which measures the
conductivity of thegasesflowing throughthe DEL CD. Sincetheresponseisvery dependent onthetemperature
, thecontrol circuit must maintain thetemperaturewithin afraction of adegreeat 1000°C. CIO,-BrO, exhibits

extremely high conductivity at 1000°C. Sothe DELCD actualy respondsto the ClO,-BrO, concentration of
thegasesinthe FID exhaust. Because other moleculesare not detected, the DEL CD isalmost completely
selectivefor chlorineand bromine. Fluorineandiodineare not well detected.
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Operating the FID/DELCD in the Combo mode

Inthe combo mode, the DEL CD isoperated after the FID. TheFID signa isusually connected to Channel 1
on the PeakSimple datasystem. The DEL CD signal may be on Channel 2 or 3. Each detector amplifieris
labeled at thefactory with thedatachanne to which it hasbeen connected. Detector signasmay be connected
to any available datachannd by smply attaching thewhiteand black signal wiresto thescrew terminasonthe
A/D boardinsidethe GC.

1) SettheFID hydrogenand air flowsfor normal FID operation. Thisistypically 25 ml/min hydrogen
(correspondsto 25 psi) and 250 ml/minair (typically 6 ps). Theexact pressurerequired for eachflowis
labeled onthe GC'sright hand side.

2) Setthe DELCD temperature setpoint to 260 using the front panel adjustments. Thisnumber actually
represents 1000°C. The DEL CD will heat up to about 254 and stabilize. Thequartz collector el ectrode
will appear abright red color dueto the 1000C temperature.

3) IntheFID/DELCD combo mode, the FID isnormally operated on high gain or on hi-filtered gainif the
peaksare morethan 10 second wide at thebase. Thehi-filtered gain positionisidentical tothehighgain
except that extranoi sefiltering resultsin aquieter baseline. The DELCD amplifierisnormally operated on
low gain. InthisconfigurationtheFID and DEL CD produce gpproximetely the sameresponseto chlorinated
peaks such as TCE ( same peak areacounts). The FID will generate approximately 4 areacounts per
nanograminjected on columnwhilethe DEL CD will generate 2-4 areacounts per nanogram of chlorinated
hydrocarbon. ( see examplechromatogram below ).
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The DELCD shows 250 area counts for 100 nanograms of Perchlorethylene (PCE)
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Operating the FID/DELCD in the Combo mode

DELCD peak overlaid on FID peak for PCE, then expanded for clarity. The smaller peak is the DELCD response.

1)

2)

3

4)

Asshownin the chromatogram above, the DEL CD peak for PCE occursat the sametimeasthe FID
peak for PCE. Noticethat the DELCD peak exhibitsalittlebit of tailing compared to the FID response.
Inthe FID/DEL CD combo mode, the minimum detectableamount isgpproximately 1 nanogram. Assuming
almicroliterinjection, thistrand atesinto approximately 1 ppm. Theexact detectionlimit will dependon
the anal yte molecul e ( how much chlorine/brominein the compound ) and the chromatographic conditions.
A sharp peak isalways more detectable than ashort fat peak.

Thedetectionlimit will beworsewhen using thebuilt-inair compressor for FID/DEL CD flame combustion
instead of clean dry tank air. Whilethebuilt-inair compressor isuseful and convenient, low levelsof
hal ogenated compoundsintheambient air (evenlevelsbelow 1 ppm) causethe DEL CD tolosesengitivity,
andfluctuationsinthelevel of organicsintheambient air may cause additional baselinenoise.

Inthe FID/DEL CD modethe DEL CD responseis useablefrom 1 to 1000 nanogramswith aslightly
quadratic caibration curve. EPA and other regulationsallow the use of detectorswith non-linear response
aslong asthe operator calibrates
with sufficient data points to )
accurately model the detector e —
responsecurve. Wherea5 point T

calibration would normally be
required, the DELCD may
demand a6 point calibration.

The DELCD calibration curve shown at
right illustrates the quadratic response
from 1-1000 nanograms of TCE injected
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Operating the FID/DELCD in the high sensitivity DELCD only mode

1) TheDELCD can beoperated inahigh sensitivity mode by eliminating the hydrogen from thereactions

2)

3

4)

whichlead up tothedetection of the CIO,-BrO,. Becausethechlorine/bromine atomsprefer toreact with

hydrogen to form non-detectable HCI-Hbr, than with oxygen to form detectable ClO,-BrO, by afactor of
100-1000to 1, eliminating the hydrogen improvesthe DEL CD sensitivity by at least 100 times. Water
must a so beeliminated asat the high temperaturesins dethe DEL CD, hydrogen becomesdissassociated
fromtheH,O moleculeand avail able asareactant. In practice, thismeansturning off the hydrogen and
using clean dry tank air (not the built-inair compressor).

Removethehydrogen supply from the GC by disconnecting the hydrogen supply at the GC’sinlet bulkhead
ontheleft hand sideof theinstrument. Reducetheair flow to the DEL CD to 50 mi/min by turning theair
pressure setpoint downto 1-2 psi. Anadditional air flow restrictor consisting of 12 of .067 tubing (1/16',
1.58mm) with aninternal diameter of .010 (0.25mm) can easily be added to theair supply immediately
bel ow the detector to enabletheflow to be controlled more precisely at higher pressures. Withtheextra
restrictor installed apressure setpoint of 10 psi will deliver anair flow of approximately 50 mi/min.

If using acapillary column, pushthecolumnthroughthe FID jet until it just entersthe ceramictubing of the
DELCD. Thiswill improvethe peak shape somewhat because the column effluent will bedischargedinto
theflowing airstream and will beimmediately swept into the DEL CD detector volume. When switching
back to FID/DEL CD combo mode remember to pull the column back into the FID jet.

Removethe FID collector electrode and replaceit witha1/4’ capfitting. The FID collector el ectrode
allows somegasto escapefromthe FID combustion area, and thisisnot desirable when operatinginthe

high sengtivity mode.
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The DELCD chromatogram
shown at right illustrates the
response to 10 picograms
(1ul of 10 PPB) of TCE in the
high senstivity mode.

Note that in high sensitivity
mode, there is some
response to the methanol
solvent.

Ten picograms (10 PPB) of
Trichloroethylene (TCE)
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The FID/DELCD detector is
shown at right configured for
the high sensitivity mode.

The collector electrode is
removed and a 1/4” cap
installed instead.

1)

2)
3

4)

Operating the FID/DELCD in the high sensitivity DELCD only mode

M-
| d -

Just asthe DEL CD response curveisquadratic in the FID/DEL CD combo mode, theresponseisalso
quadraticinthehigh senstivity mode, but senstivity isincreased by 100-1000times. Inthehigh sengtivity
modethe DEL CD ismost useful intherangeof 1-1000 picogramswhich assumingal microliterinjection
trandatesinto 1-1000 PPB.

In the high sensitivity mode, the DEL CD can perform much like an Electron Capture Detector (ECD)
except that the DEL CD ismore selectivefor hal ogens and blind to oxygen.

Although the DEL CD will not be damaged by large quantitiesof chlorine/bromine, thereisashort term
lossof sengitivity for an hour or sofollowing theinjection of 1 pl of Methylene Chloridefor example.
When possi ble quantitate by theinternal standard method, using achlorinated/brominated compound for
theinternal standard peak. Usinganinternal standard will correct for changesinthe DEL CD detector’s

response.

DELCD linearity in high

sensitivity mode is shown at

Ten to 1000 picograms of right from 10 to 1000

A Trichloroethylene (TCE) picograms (10-1000PPB).

At levels above 10
nanograms, the detector is
saturated.




