DETECTORS
Thermal Conductivity Detector - TCD

Overview

The Thermal Conductivity Detector (TCD) isthemost universal detector available. Depending onthe
compound, the TCD respondswith adetection range of 0.01% to 100% (100-1,000,000ppm). The SRI
TCD consistsof four filamentshoused in astainless stedl detector block. The TCD detector block isinstalled
initsown thermostatically-controlled oven for stability. The TCD ovenismounted on theright rear of the
columnoven. TheTCD filament control switch and the bridgeterminal block to which thefilament leadsare
connected are located to theimmediate right of the detector oven. Sincethefour TCD filaments can be
damaged or destroyed if energized in the absence of carrier gasflow, aTCD filament protection circuitis
providedinall TCD-equipped SRI GCs.
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Theory of Operation

The TCD detector measuresthedifferencein thermal conductivity inthe carrier gasflow and theanayte
peaks. Every compound possesses somedegree of thermal conductivity, and may therefore be measured with
aTCD detector. Duetoitshighthermal conductivity and safety, helium carrier ismost often used with TCD
detectors. However, other gases may be used such asnitrogen, argon, or hydrogen.

One of four TCD filaments TCD filament bridge .
Tungsten-rhenium Woven fiberglass insulation &‘0\& G%»@
filament . @ S,
I oA
. . . Filament leads are 4, S R S

TheWheatstone Bri dge circuit color-coded for Identification QQ% \éq@
design in the SRI TCD uses four v. e o
general-purposetungsten-rhenium filamentsfor sampleanalysis. Twoof  Signal - |
thefilamentsare exposed to the sample-laden carrier gasflow and provide
theactual chromatographicsignal. Theother twofilamentsareprovided — Signal +
with clean carrier flow, enabling them to be used asabaselinereference
signal. When the effluent from the column flows over thetwo sample
stream filaments, thebridge currentis
unbalanced with respect to the Simplification of filament interconnection
reference signal. This deflection is Reference gas in Sample gas in
trandated into ananalog signa which ¥ 1 Red Red I -
issent tothedatasystem for analysis. | ® |

Thefour pairsof filamentleadsare  REFERENCE - 1 Blue Greenl SAMPLE
color-coded intwo-color units; each - <
colorisused ontwodifferentleads. All ® ®
eight wiresare connected tothe bridge > >
current supply viafour setscrew-type
terminal connectorson thetop control —| Blue Greenp_
pand of theGC. Silkscreened labelling I— o [ E—
on the chassisindicateswhichcolor ~ SAMPLE Black ‘ Black REFERENCE
wireconnectsto each terminal. Color-coded

The TCD detector block isdivided filament leads

into two cellscontaining two filamentseach. Onecell holdsthereferencepair whilethe other cell holdsthe
samplepair. All four TCD filamentsare physically identical except for their color-coding. Thecarrier gasis
plumbed so that isexitsthe Electronic Pressure Controller module, flowsthrough the polishing filter, through
thereferencesideof the TCD bridge, then through theinjection port to the column, and fromthecolumntothe
sampleside of the TCD bridge. After theflow passesthrough the samplecell, it isdirected back out of the
TCD oven andinto the column oventhrough the TCD detector outlet, whereit may berouted to asubsequent
detector or tovent. All four TCD detector inlet/outlet tubesare 1/16” stainlesssteel.

TCD carrier gas flow diagram
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Expected Performance

TCD Noise Run (R Peakit

File Edit Yiew Acquisdion Help
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Carrier: Helium @ 10mL/min £.100 [T nelid chi B ALY G0

TCD gain=LOW
TCD temp =100°C

Temperature program:
Initial Hold Ramp Final
80°C  15.00 0.00 80°C

-0.100

D 1| _l w4
4.000 10.000
Factory Test Run of a TCD-equipped SRI GC
Sample: natural gas standard, 1mL sample loop Columns: 1m Molecular Sieve, 2m Silica Gel
i PeakM1 HmEER
File Edit Yiew Acquisttion Help Events:
[0=uoismmE|[iz s « &R w fo falfn /o o o[ nfa o 8] Tren™
WAT GRS ETD [TED [ | 0.00 ZERO
#000 [ R IVaT 0 hubEF ALY CoN [ 0.050 G ON (valve inject)
ER % 6.00 G OFF
fén E 2 Temperature program:
i 5 Initial Hold  Ramp Final
& N 40°C 500 10.00 220°C
E"” 220°C 16.00 0.00 220°C
E g \ Eé Results:
3] g 5_2 o Component Retention Area
=1 f - Oxygen 1.633 19.7500
= | ' - N2 2.150  121.0880
a= Methane  3.033  563.6130
| ‘fwg Ethane 7.550  128.2185
= ; Cco2 9.983 11.9860
| || = | ﬂ-' Propane 13.683 113.9220
Al N A \ | \ Iso-Butane 18.150  69.4960
- N-Butane  18.766  67.4460
400 . . Iso-Pentane 22.550 20.1490
aoa FAT N-Pentane 22.866 ___ 19.1560
000 26000 Total:  1134.8245
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Expected Performance

TCD Room Air Analysis
File Edit Yiew Acguisstion Help
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Column: 3’ Silica Gel

Carrier: Helium at 10mL/min

Sample: 0.5cc room air,
direct injection

TCD current: LOW

TCD temperature: 100°C

Temperature Program:

\ g Initial  Hold Ramp Final
L ey 80°C 400 0.00 80°C
0100
Ak L] 1|l
aang 4 000
Results:
Component  Retention Area
The CO, content of the room air analyzed is approximately 350ppm. O,N, 0.716 1021.3830
Co, 2.766 1.5060
Total 1022.8890
TCD Breath Analysis LI M=
File Edit Yiew Acguisstion Help
DeR@ S nEE|1 2 3 4 &
05 CC BREATH| TCD ]
Column: 3’ Silica Gel 2000 [AEI34008 CHRDEFMILT CON [
Carrier: Helium at 10mL/min g .
Sample: 0.5cc human breath 8 Results: :
P .d'. Cinecti ' Component Retention Area
irectinjection
TCD current: LOW O,N, 0.700 1379.4740
TCD temperature: 100°C Co, 2.700 _61.9540
| Total 1441.4280
A | .
Temperature Program: 9 ' 3
Iniial  Hold Ramp Final & \ / \
80°C 24.00 0.00 80°C \ | *5
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General Operating Procedure

1. Check to make surethat the TCD filament current isswitched OFF. Pluginand turnonyour GC. Allow
the TCD detector ovento reach temperature (100°C) and stabilize. Withthe® Display Sdlect” switchinthe
UP position, pressonthe TCD Temperature Actua button on thefront control panel to read the TCD cell
temperature. The TCD oven block isset to 100°C at the factory, but isadjustabl e by turning the trimpot
withasmal blade screwdriver whileobservingthe TCD BLOCK setpoint temperatureonthedigital display.
Thetrimpot islocated on thetop edge of the GC’sfront control panel, under theredlid.

. All TCD-equipped SRI GCsaretested with alm, 1/8” stainlesssteel silicagel-packed column. The
carrier gashead pressureispreset at thefactory to 10mL/minfor thistype and size column. Look onthe
right side of the GC for the carrier pressure that correlatesto aflow of 10mL/min. Because different
columnsrequiredifferent flow rates, the carrier head pressure may be adjusted by the user with thetrimpot
abovethe“ CARRIER 1" buttons.

. Make surethat the setpoint and actual pressuresarewithin 1psi.

. Damageor destruction of the TCD filamentswill occur if current isappliedintheabsenceof flowing carrier
gas. ALWAY Sverify that carrier gascan bedetected exiting the TCD carrier gasoutlet BEFORE energizing
the TCD filaments. Thecarrier gasoutlet tubeislocated on the outside of the Column Oven onthe same
sdeasthedetector. Placetheend of thetubeinliquid and observe (alittle spit on afinger can suffice). If
thereare no bubblesexiting thetube, thereisaflow problem. DONOT turnonthe TCD currentif carrier
gasflowisnot detectable. A filament protection circuit preventsfilament damageif carrier gaspressureis
not detected at the GC, but it cannot prevent filament damage under al circumstances. Any lack of carrier
gasflow should be corrected before proceeding.

. Withthe TCD filaments switched OFF, zero the datasystem signal. Switchthefilamentsto LOW. The
signal’ sdeflection should not be morethan 5-10mV from zero for abrand-new TCD detector. Any more
than a5-10mV deflection indicates partial or complete oxidation of the TCD filaments; more deflection
means more oxidation. Therefore, itisagood habit to use the datasystem signal to check theworking
order of the TCD filaments.

. InPeakSimple, set anisotherma column oventemperatureramp program asfollows:
Initid Temp. Hold Ramp Find Temp.
80°C 7.00 0.00 80°C

. Zerothedatasystem signd (clicking onthe Auto Zero button at theleft edge of the
chromatogram window isoneway to doit), then start the run (hit the computer
keyboard spacebar or hit the“ RUN” button onthe GC).

_Auto Zero
button

Llo|®

. Inject sample. Injectionvolumesof 0.5mL for gasand 1L for liquidisrecommended
toprolong TCD filament life.
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TCD Filament Protection Circuit

All TCD detectorsare susceptibleto filament damage or destruction if operated at high currentinthe
absence of carrier and/or referencegasflow. Thefilamentswill incandesce and burn out if the carrier or
reference gasflow isinterrupted dueto avariety of possiblefactorssuch asacolumn break, inadvertent
column disconnection during column changes, remova of the septum nut for septum replacement, or when the
carrier gascylinder runsdry duringananaysis. The SRI TCD filament protection circuitisacurrent * cut-out”
circuit that monitorsthe column head pressure during GC operation. Under normal circumstances, thereisno
reason for the column head pressureto drop below 3psi, with most columnsoperating at 8ps or above. When
the head pressure sensor located inthe carrier gasflow path dropsbel ow 3ps, the protection circuit isactivated,
and thecurrent tothe TCD filamentsisinterrupted immediately. A red LED onthe GC'sfront control panel
under “DETECTOR PARAMETERS” will light to indicate that the protection circuit has detected agas
pressure loss and shut down thefilament current. The cause of the protection circuit activation should be
immediately investigated and corrected. Asan additional caution, use HIGH current only with helium or
hydrogen carrier gases. With nitrogen carrier, use LOW current only, or thefilamentsmay bedamaged. The
pressure at which the protection circuit activatesis user adjustable with thetrimpot on thetop edge of thefront
control panel, abovethelabel reading“ TCD PROTECT.”

TCD protection circuit LED lit on an SRI Bright red LED display
model 8610 GC front control panel
oo e = TEMPERATURE (°C)
lr DETECTOR PRESSURE (PSI)
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® 619 o & & » 1 1- LOCAL SETPOINT button
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1- Pressing the LOCAL SETPOINT button displaysthefilament cut-off setpoint value (factory set at 3ps) in
thebright red LED display inthe upper right corner of the GC’sfront control pandl. If thecarrier gaspressure
reachesor fallsbel ow thisvaue, thefilament current will immediately beinterrupted.

2- Pressingthe TOTAL SETPOINT button displaysthe carrier gaspressure present inthe GC system. Under
normal operation, thisvaluewill bewell abovethe 3ps cut-off setpoint.

3- The STATUSLED glowsbright red only when the TCD protection circuit hasbeen activated.

4- Pressingthe ACTUAL button displaysthe voltage present acrossone half of the TCD bridge. A valueof
3.5to4.5voltsistypicd whenusing high current; low current will display 2.5-3.5volts(note: theLED displays
4voltsas“400,” 3.5as"350,” etc.). Any valuelower than theseindicatesapotential probleminthe TCD
detector bridge.



