DETECTORS
Catalytic Combustion Detector - CCD

Overview
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CCD Detector and protective cap (cap is removed prior to installation)

The Catalytic Combustion Detector responds to all hydrocarbons with
the selectivity of an FID and the sensitivity of a TCD. The entire detector’s
diameter is merely one centimeter. Its sensor element consists of a tiny coil
: of platinum wire embedded in a catalytic ceramic bead. Each CCD detector
CCD on Column Oven has a pair of sensor elements. The sensors are housed in high-grade, flame-
proof nylon, and protectively capped with a fine steel mesh. In
SRI GCs. the CCD detector is mounted on the wall of the
Column Oven in a brass housing, as shown in the top left picture.
The analytical column residing in the Column Oven is connected
to the detector through the oven wall; the example shown at
bottom left is an SRI Gas-less™ Educational GC featuring a
CCD detector and a 1m (3”) Hayesep-D packed column. The
CCD detector is especially suited for gas-
less operation because it can operate on
ambient air, requiring no high pressure
cylinder gases such as hydrogen or helium. In the GC system
pictured at left, a built-in air compressor supplies the carrier
gas for the CCD.
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The CCD detector can also be used as a hydrocarbon
monitor in non-chromatographic applications where the CCD
senses the total hydrocarbon content of a flowing air stream,
or as a hydrogen/hydrocarbon leak detector.
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Catalytic Combustion Detector - CCD

Theory of Operation

Top View of CCD Detector
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) Side View of Sensor Element

nickel pins to connect them to the second sensor. It does
not matter which wire goes on which pin. Toreplace the
CCD detector. unscrew its brass fitting after removing
the wires from the nickel pins. Pull out the old one and
remove the protective cap from the replacement. Sensor-

side first, insert the replacement into the
fitting with its half~moon shaped cut-out
on the bottom. Replace the fitting and

HAND TIGHTEN it. If the detector
fitting is screwed on too tightly, the | |

detector will notreceive proper gas flow.
Next slip the black and white wire plugs
over the pins, and your replacement
CCD detector is ready to use.

The CCD sensor elements are the tiniest and most important
part of the detector. Each CCD detector contains two sensor
elements, but uses only one at a tune. A catalytic combustion
sensor consists of a coil of platinum wire around an alumina core
surrounded by noble metal catalysts. Each sensor is suspended
between a pair of nickel pins. The detector is shipped with a
protective nylon cap topped with steel mesh, but is installed ona
SRIGC without it. Duringa chromatogaphic run, a 150 milliamp
current heats the catalytic ceramic bead to around 500°C, hot
enough to combust hydrocarbon molecules on contact. The
CCD is maintained in an oxidative environment by using air as
the carrier or make-up gas. This combustion causes the increase
in temperature and change in resistance that is measured by the
sensor. This change in resistance causes the CCD detector output
to change, which produces a peak that is recorded by the
PeakSimple data system.

To prolong the life of your CCD detector, use it in strict
accordance with your GC system’s operating mstructions. For
instance, if you have an SRI Mud-Logger GC, you should connect
your sample streams at 10psi so that no more than Sml/min of
pure hydrcarbon flow reaches the CCD. In the event of a sensor
burn-out, simply remove the white and black wires from the top
two nickel pins. i e
and movethemto
the bottom pair of
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Expected Performance
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Factory Test Run of a Gas-less™ Educational GC System
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Thermal Conductivity Detector - TCD

Overview

The Thermal Conductivity Detector (TCD) is the most universal detector available. Depending on the
compound, the TCD responds with a detection range of 0.01% to 100% (100-1,000,000ppm). The SRI
TCD consists of four filaments housed in a stainless steel detector block. The TCD detector block is installed
in its own thermostatically-controlled oven for stability. The TCD oven is mounted on the right rear of the
column oven. The TCD filament control switch and the bridge terminal block to which the filament leads are
connecied are located to the immediate right of the detector oven. Since the four TCD filaments can be
damaged or destroyed if energized in the absence of carrier gas flow, a TCD filament protection circuit is

provided in all TCD-equipped SRI GCs.
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TCD Detector
(paired with an
FID detector) on
anSRI8610GC

TCD Detectoron
an SRI310GC

\ TCD detector oven setpoint (frimpot)

TCD Detector on an SRIGC TCD Detector on an SRI GC with
detector cover and top/front
insulation removed for clarity
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Thermal Conductivity Detector - TCD

Theory of Operation

The TCD detector measures the difference in thermal conductivity in the carrier gas flow and the analyte

peaks. Every compound possesses some degree of thermal conductivity, and may therefore be measured with
a TCD detector. Due to its high thermal conductivity and safety, helium carrier is most often used with TCD
detectors. However, other gases may be used such as nitrogen, argon, or hydrogen.

V+O—l

One of four TCD filaments TCD filament bridge
Tungsten-rhenium VWoven fiberglass insulation
filament -

! i —

: . . Filament leads are
The Wheatstone Bridge circuit color-coded for identification

design in the SRI TCD uses four
general-purpose tungsten-rhenium filaments for sample analysis. Twoof  Signal - |
the filaments are exposed to the sample-laden carrier gas flow and provide
the actual chromatographic signal. The other two filaments are provided ~ Signal +
with clean carrier flow, enabling them to be used as a baseline reference
signal. When the effluent from the column flows over the two sample
stream filaments, the bridge current is
unbalanced with respect to the Simpiification of filament interconnection
reference signal. This deflection is Reference gas in Sample gas in
translated into an analog signal which vV _1Red Redl . V¥
is sent to the data system for analysis. i ® .‘ i
The four pairs of filament leadsare ~ REFERENCE v ~ | Blue Greeni— T SAMPLE
color-coded in two-color units; each
coloris used on two different leads. All
eightwires are connected to the bridge
current supply via four setscrew-type \;
terminal connectors on the top control : - Blue Greenf ]
| ofthe GC. Silkscreened labelling - & L
Eilﬁze chassis indicates which color SAMPLE s \ y Pk REFERENCE
wire connects to each terminal. Color-coded
The TCD detector block is divided e eaes
into two cells containing two filaments each. One cell holds the reference pair while the other cell holds the
sample pair. All four TCD filaments are physically identical except for their color-coding. The carrier gas is
plumbed so that is exits the Electronic Pressure Controller module, flows through the polishing filter. through
the reference side of the TCD bridge, then through the injection port to the column, and from the column to the
sample side of the TCD bridge. After the flow passes through the sample cell, it is directed back out of the
TCD oven and into the column oven through the TCD detector outlet, where it may be routed to a subsequent
detector or to vent. All four TCD detector inlet/outlet tubes are 1/16” stainless steel.

TCD carrier gas flow diagram

/ TCD
{ detector
outlet

H

r o T ! I Reference side et y e i Sample side
| EPC > Polishing filter B 70 prigge > Injection port 5@ | of TCD bridge
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Expected Performance
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Factory Test Run of a TCD-equipped SRI GC
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Thermal Conductivity Detector - TCD

Expected Performance
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. Zero the data system signal (clicking on the Auto Zero button at the left edge of the

. Inject sample. Injection volumes of 0.5mL for gas and 1uL forliquid is recommended

DETECTORS
Thermal Conductivity Detector - TCD

General Operating Procedure

_ Check to make sure that the TCD filament current is switched OFF. Plug inand turn on your GC. Allow

the TCD detector oven to reach temperature (100°C) and stabilize. With the “Display Select” switch inthe
UP position, press on the TCD Temperature Actual button on the front control panel to read the TCD cell
temperature. The TCD oven block is setto 100°C at the factory, but is adjustable by turning the trimpot
with a small blade screwdriver while observing the TCD BLOCK setpoint temperature on the digital display.
The trimpot is located on the top edge of the GC’s front control panel, under the red lid.

. All TCD-equipped SRI GCs are tested with a 1m. 1/8” stainless steel silica gel-packed column. The

carrier gas head pressure is preset at the factory to 10mL/min for this type and size column. Look onthe
right side of the GC for the carrier pressure that correlates to a flow of 10mL/min. Because different
columns require different flow rates, the carrier head pressure may be adj usted by the user with the timpot

above the “CARRIER 17 buttons.

. Make sure that the setpoint and actual pressures are within 1psi.

Damage or destruction of the TCD filaments will occur if current isapplied in the absence of flowing carrier
gas. ALWAYS verify that carrier gas can be detected exiting the TCD carrier gas outlet BEFORE energizing
the TCD flaments. The carrier eas outlet tube is located on the outside of the Column Oven on the same
side as the detector. Place the end of the tube in liquid and observe (a little spit on a finger can suffice). If
there are no bubbles exiting the tube, there is a flow problem. DONOT turn on the TCD current if carrier
oas flow is not detectable. A filament protection circuit prevents filament damage if carrier gas pressure is
not detected at the GC, but it cannot prevent filament damage under all circumstances. Any lack of carrier

gas flow should be corrected before proceeding.

_ With the TCD filaments switched OFF, zero the data system signal. Switch the filaments to LOW. The

signal’s deflection should not be more than 5-10mV from zero for a brand-new TCD detector. Any more
than a 5-10mV deflection indicates partial or complete oxidation of the TCD filaments; more deflection
means more oxidation, Therefore, it is a good habit to use the data system signal to check the working

order of the TCD filaments.

. In PeakSimple. set an isothermal column oven temperature ramp program as follows:

Initial Temp. Hold Ramp Final Temp.
80°C 7.00 0.00 80°C

Auto Zero

chromatogram window is one way to do it), then start the run (hit the computer
"~ button

kevboard spacebar or hit the “RUN” button on the GC).

ﬂ?'@.ﬂ)q

to prolong TCD filament life.
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TCD Filament Protection Circuit

All TCD detectors are susceptible to filament damage or destruction if operated at high currentin the
absence of carrier and/or reference gas flow. The filaments will incandesce and burn out if the carrier or
reference gas flow is interrupted due to a variety of possible factors such as a column break, inadvertent
column disconnection during column changes, removal of the septum nut for septum replacement, or when the
carrier gas cylinder runs dry during an analysis. The SRI TCD filament protection circuit is a current “cut-out”
circuit that monitors the column head pressure during GC operation. Under normal circumstances, there is no
reason for the column head pressure to drop below 3psi, with most columns operating at 8psi or above. When
the head pressure sensor located in the carrier gas flow path drops below 3psi, the protection circuit is activated,
and the current to the TCD filaments is interrupted immediately. A red LED on the GC’s front control panel
under “DETECTOR PARAMETERS” will light to indicate that the protection circuit has detected a gas
pressure loss and shut down the filament 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 the filaments may be damaged. The
pressure at which the protection circuit activates is user adjustable with the trimpot on the top edge of the front
control panel, above the label reading “TCD PROTECT.”

TCD protection circuit LED lit on an SRI Bright red LED display
model 8610 GC front control panel o
- - TEMPERATURE {°C)

1' DETECTOR ‘ PRESSURE (PSI)
J PARAMETERS ol
® o1& © @ @ @&  1- L OCALSETPOINT button
'® ©2® ® © @ @ |2 TOTALSETPOINT button LED panel
. displays control data

® e3Cc © e o % i 3 STATUSLED corresponding to

® ©4@ ® © ® ® 4 ACTUALbution the button pressed
[Fremimpn ittt e e e
i E E G t A M C ALL BUTTONS

% e B i

ERE RN SN STV Y. i DISPLAY SELECT The DISPLAY SELECT

S cowums oven 1 TemperaTure | SWitCh allows the user

T ok R ek & K to choose between

i e ] % displaying the control

R zones using the buttons

RIS LEDIE D AN | Mo (O o e - or the column oven

TCL CURRENT OFF |

mocwes | @ @ @ @ | STARTRUN  temperature

LESS THAN

LOCAL LOW OFF OFF OFF

SETPOINT

1- Pressing the LOCAL SETPOINT button displays the filament cut-off setpoint value (factory setat 3psi) in
the bright red LED display in the upper right corner of the GC’s front control panel. Ifthe carrier gas pressure
reaches or falls below this value, the filament current will immediately be interrupted.

2- Pressing the TOTAL SETPOINT button displays the carrier gas pressure present in the GC system. Under
normal operation, this value will be well above the 3psi cut-off setpoint.

3- The STATUS LED glows bright red only when the TCD protection circuit has been activated.

4- Pressing the ACTUAL button displays the voltage present across one half of the TCD bridge. A valueof
3.5 to 4.5 volts is typical when using high current; low current will display 2.5-3.5 volts (note: the LED dispiays
4 volts as “400.” 3.5 as <350, etc.). Any value lower than these indicates a potential problem in the TCD

detector bridge.
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TCD Troubleshooting

When the TCD fails to perform normally, review operating conditions to ensure
that carrier gas flow to the detector is unimpeded, and that the column oven
temperature, carrier gas flow rate, and carrier gas EPC pressure are all within the
desired operating parameters. If all conditions are properly met and the detector
continues to perform poorly or fails to perform at all, check the TCD filaments for
damage. The main diagnostic test is to measure the resistance of each filament using
the ohmeter function of a multimeter or volt-ohmeter (VOM). Atroom temperature,
the resistance of each filament should be 32-34 ohms. At 100°C, the filaments are
around 40 ohms each. Ifany filament is significantly different from the others, the
TCD bridge will be unbalanced. noisy and drifty. All eight filament wires must be
disconnected and tested. Since all the leads are bundled together as they exit the
TCD detector assembly, you may need to use the multimeter or VOM to defermine
the actual pairs. It is normal for each filament to have a slightly different reading
within the appropriate operating range, so match the readings to determine the lead

pairs.

With the power turned off and the power cord unplugged from the electrical
outlet, raise the red lid to access the TCD detector. Exiting the right side of the
TCD detector oven is the bundle of § insulated, color-coded wires in pairs. Each
pair of wires represents one filament and is connected to the appropriately labeled
terminal for its paired colors. One filament has red/green, one red/blue, one black/
green, and one black/blue. The red/green and black/blue are the sample side
filaments, and the ones which typically deteriorate first. Remove the 8 wires from s
the bridge terminal by loosening the retaining setscrews with asmall blade screwdriver.  Many multimeters are
Measure the resistance across the filament leads using an ohmeter, making sure the  available; these two are

correct pair of colored wires is tested together for each filament. Aninfinite reading ~ from Fluke Corporation:
is an indication that the filament is open. or burned out. Ifany of the filaments has a USA: 1-800-44-FLUKE
i EU: (31 40) 2678 200

significantly different resistance than the others (which should be mtheranges o e com
mentioned above), it should be replaced. Replacement filaments, o-rings, and TCD
blocks with four new filaments are available from SRI. In addition to the standard
filaments, optional gold-plated filaments for improved corrosion resistence are also

available.

SRI TCD detector replacement parts

Standard TCD filament with rubber O-ring gasket 8670-9120
High temperature TCD filament with copper gasket 8690-9123

(filament part #s are also listed on the top of the TCD oven in your SRIGC)
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Replacing the TCD Filaments
SRI TCD detectors are made to last a long time without ever replacing the filaments. However, any TCD
filaments that fail the diagnostic chmeter test mentioned previously will have to be replaced. While they share
the same outer assembly, there are a few differences between the high temperature TCD detector block and
the standard TCD block. Both designs are discussed. All filaments are fragile; handle them with care. Have
colored ink pens, electrical tape, whatever you will use for color coding close at hand before you begin. It is
best to go slowly, color-coding then replacing each filament one at a time. IF YOU MIX UP THE FILAMENT

LEADS, YOURTCD WILL NOT WORK!

A. Standard TCD detector block access
1. With 2 small blade screwdriver, free the filament leads from the bridge terminal by loosening the

SeiSCrews.

2. Remove the detector assembly cover by unscrewing the thumbscrew then sliding the cover off
toward the right-hand edge of the GC; gently remove the white insulation to reveal the detector block.

3. Disconnect the detector block gas inlets and outlets. The reference gas inlet is disconnected at the
polishing filterimmediately behind the column oven. The reference gas outletis disconnected inside
the column oven. Disconnect the sample gas inlet at the fitting on the column. The detector block
sample gas inlet tubing has a copper sheath for identification. The sample gas outlet is usually routed

out the right side of the column oven.

Exploded view of the standard TCD detector assembly

OQuter TCD detector assembly Outer TCD detector assembly

case permanently mountad to insulated padding case cover isremovable for access
golumn oven wall g : i to inner metal clamshell case

and heater wrap

N/

Camier gasin
from polishing
fiter. and back

to injector

Filament leads
to bridge
electronics

Sample gasin
irom anaiytical
column, and out
to next detector
or vert

— TCD detector block -
Column oven i
h inner clamshell case is heai-wrapped with " 2 hex-head screws
thermostatted electrical heating element secure inner clamshall

and protects TCD detector block
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Repag Filaments contued

(Standard TCD detector block access confinued)
4. Cut the fiberglass tape wrapped around the detector block and peel it off. Unwrap and remove the

heater rope from the detector block (it is probably affixed to the thermocouple wires with more
fiberglass tape).

5. Disconnect the thermocouple by loosening the small philips head screw which holds it on the
detector block clamshell. Next, remove the clamshell by unscrewing the two small philips head screws
that hold its halves together. Gently remove the white insulation to reveal the detector block.

6. The TCD filaments are secured in the detector block by two plates, each of which is held in place
with three hexagonal head screws. Holding the detector block with one hand, use an Allen wrench to
unscrew and remove the hexagonal head screws from one of the filament securing plates. Then, slide
the filament securing plate off the filaments and leads. Setit securely aside.

7. Once the securing plate is removed, the filament and rubber O-ring that seals it can be gently pulled
out of the detector block cell. When replacing a filament, its rubber O-ring should also be replaced.
Check the lip of the detector block cell for fragments of the old O-ring and if any are present, remove
them as they will interfere with proper sealing of the cell. If you're replacing one reference or sample
filament, replace the other at the same time. If you didn’t have fun disassembling the TCD detector
block, replace all the filaments while you have it open. It’s 2 good idea to remove thenreplace one

plate and corresponding pair of
filaments at a time to avoid mixing up
their connections. Exploded view of the standard TCD detector block

8. To install a new filament. color-
code it the same as the filament you
are replacing, then slide it, leads first,
through the appropriate hole in the
filament securing plate. Anexisting or
replacement filament should occupy Detector block
the other hole. Place a new rubber
O-ring against the rim of the detector

block cell which will accept the new Reference cell Sample cell
filament. Place filament securing plate ;

and filaments against the detector block RDESC-ngE

with the filaments inside the detector ' Filament

block cells. Replace and tighten the 3
hex-head screws. Repeat this process
on other side to replace the

corresponding filament. Hexagonal head
screws

Filament securing plate

9. Reverse your steps for TCD
detector reassembly. Steps 7-10 of

the high temperature TCD detector
block access instructions detail insulated filament leads

reassembly of the inner clamshell and
outer detector housing.
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Replacing the TCD Filaments continued

B. High temperature TCD detector block access
The high temperature TCD assembly is the same as the standard: outer housing around an inner

clamshell case. The high temp detector block uses gland nuts and copper gaskets to secure the four
filaments in its two cells. Instead of the heater rope, it employs a heating cartridge, which is inside the
inner clamshell case with the detector block.

1. With a small blade screwdriver, disconnect the filament leads from the bridge terminal by loosening

the setscrews.

2. Remove the detector housing by unscrewing the thumbscrew then sliding the housing cover off
toward the right-hand edge of the GC. Gently remove the white insulation to reveal the detector

block.

3. Disconnect the detector block gas inlets and outlets. The reference gas inlet is disconnected at the
polishing filter immediately behind the column oven. The reference gas outlet is disconnected inside
the column oven. Disconnect the sample gas inlet at the fitting on the column. The detector bl ock
sample gas inlet tubing has a copper sheath for identification. The sample gas outletis usually routed
out the right side of the column oven. Once these three fittings are loosened and the detector block
tubing freed, gently pull the detector block away from the housing.

Exploded view of high temperature TCD detector block and inner clamshell

Detector block

Insulated

insulated
— padding .

padding

3 \‘\~ Copper gaskets E

ialf of inner cl . / i
Half ofinner clamshell case Bt i | Hailf of inner clamshell case
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Replacing the TCD Filaments continued

(High temperature TCD detector block access continued)

4. Open the inner clamshell case by unscrewing the two small philips head screws that hold the two
halves together. Gently remove the white insulation to access the detector block.

Slide the gland nut
down and off fo
remove the filament

3. The filaments are held in place by gland nuts; loosen these nuts to 1 =
remove the filaments and copper gaskets. Color-code the new filament '
the same as the one you are replacing (you can use colored marker
pens, electrical tape, etc.) before completely removing the old one.
Slide the gland nut off the existing filament, toward the ends of the

filament leads.

i
£

6. Put the new filament’s leads through the gland
nut. Slide the gland nut up the filament’s leads until it
rests against the base of the filament. Place the
copper gasket against the rim of the detector block
cell opening. Carefully insert the filament and gland
nut together into the cell opening. Tighten the gland
nut to secure the filament in the cell.

7. When you’re finished replacing filaments, place the re-assembled detector block
inside the inner clamshell with the insulation and heater cartridge. Make sure the gas
inlet and outlet tubes are running through the cut-outs in the clamshell. Secure the
clamshell with its two screws.

8. Reconnect the TCD detector gas inlets and outlets.

9. Replace the inner clamshell and its insulation inside the detector housing that is permanently mounted
on the column oven wall. Replace the housing cover and secure with its thumbscrew.

10. Reconnect the filament leads to the bridge current terminal block. Use the color guide labelson
the terminal block to insert the color-coded leads into the appropriate terminal.



As illustrated by the table below, Helium and Hydrogen have
the highest thermal conductivities of any gases. The TCD de-
tector responds to the difference between the thermal conduc-
tivity of the carrier gas and the analyte peak. The greater the
difference, the better the sensitivity. For this reason, Nitrogen
is only used as a carrier gas when hydrogen or helium is the
target analyte. Argon is sometimes used as a carrier gas, but
would have little sensitivity towards ethane or propane, for ex-
ample, because the thermal conductivity of the argon (39 ) is
very close to that of ethane (43 ) or propane ( 36 ).

THERMAL CONDUCTIVITIES OF
SOME COMMON GASES

Air 58
Argon 39
CO 53
CcO2 34
H2 419
HE - 343
N2 57
02 58
Neon 109
Methane 73
Ethane 43
Propane 36
Butane 32
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DETECTORS

Flame Ionization Detector - FID

Overview

The Flame Ionization Detector responds to any molecule with a carbon-hydrogen bond, but its response
is either poor or nonexistent to compounds such as H_S, CCl,, or NH,. Since the FID is mass sensitive, not
concentration sensitive, changes in carrier gas flow rate have little effect on the detector response. It is preferred
for general hydrocarbon analysis, with a detection range from 0.1ppm to almost 100%. The FID’s response
is stable from day to day, and is not susceptible to contamination from dirty samples or column bleed. Itis
generally robust and easy to operate, but because it uses a hydrogen diffusion flame to ionize compounds for

analysis, it destroys the sample in the process.

FID detector

(SRI Capiliary FID GC with built-in Hydrogen Generator)

Thermostatted Detector viewport
heater block

(remove Swagelok cap)

Flameport
Collector

Electrode lead
to amplifier

~ Ceramic
— ignitor

The SRIFID features a unique ceramic
ignitor which can ran hot continuously, and prevent
the flame from extinguishing even with large water
injections or pressure surges from column
backflush. This ignitor is positioned perpendicular
to the stainless steel detector jet and does not
penetrate the flame. Opposite this flame is the
collector electrode. This positively charged metal
tube serves as a collector for the ions released as
each sample component elutes from the column(s)
and is pyrolyzed in the flame; it doubles as a vent
for the FID exhaust gas. The FID is equipped
with an electrometer amplifier which has HIGH,
HIGH (filtered), and MEDIUM gain seftings. On
an SRI GC, the hydrogen and air gas flows are
controlled using electronic pressure controllers,
which are user adjustable via the GC’s front panel.
A thermostatied aluminum heater block maintains
a stable detector temperature which is user
adjustable up to 375°C. The optional built-inair
compressor may be used to supply the air for the
FID, eliminating bulky air cylinders. The built-in
hydrogen generator is another option: the standard
model can produce 20mL/min for use as both
carrier gas and FID combustion gas at pressures
up to 25 psi.

Amplifier gain switch



DETECTORS
FID - Flame lonization Detector

Theory of Operation

In the SRI FID, the carrier gas effluent from the GC column is mixed with hydrogen, then routed through
an unbreakable stainless steel jet. The hydrogen mix supports a diffusion flame at the jet’s tip which jonizes the
analyte molecules. Positive and negative ions are produced as each sample component is eluted into the flame.
A collector electrode atiracts the negative ions to the electrometer amplifier, producing an analog signal for the
data system input. An electrostatic field is generated by the difference in potential between the positively
charged collector electrode and the grounded FID jet. Because of the electrostatic field, the negative ions

have to flow in the direction of the collector electrode.

The FID hydrogen diffusion flame

inner flame / pyrolysis zone

H, and Cuter flame / oxidation zone

Car;[er > T
Oxidizing atmosphere

Electrostatic field

The ratio of air to hydrogen in the combustion mixture should be approximately 10:1. If the carrier flowis
higher than normal, the combustion ratio may need to be adjusted. Flow is user adjusted through the Electronic
Pressure Controllers (EPC); the rates used to generate test chromatograms at the factory are printed onthe
right side of the GC in the flow rate chart. The FID temperature must be hot enough so that condensation
doesn’t occur anywhere in the system: 150°C is sufficient for volatile analytes; for semi-volatiles, use a higher
temperature. Inaddition to using the ignitor to light the flame, it may be left on at an intermediate voltage level
to prevent flameout (-750 or 7.5 volts). The ignitor is very durable and will last a long time, even at high

temperatures.

FID detector schematic

Flameport assembly

Hydrogen gas

o T q
i Detsctar
. | E viewport
Analytical column ==l

Pos;twel harged
- collector electrode /
exhaust vent

Sample-laden carrier gas
exiting column info jet

Compressed air
feeds nydrogen flame



DETECTORS
Flame lonization Detector - FID

Expected Performance

FID noise run

e T ﬂﬂp e

DERE& S % BEi1 2 3 48

71D NOISE RUM
4100123441020k chaDEFAULT.CON

Column: 15m MXT-1
Carrier: Helium @ 10mL/min

FID gain = HIGH
FID temp = 150°C 5
FID ignitor = -400 =
: 8 \“.H_! N M“*\ MMJWWAV/ '
= A i
A — FID noise averages less than 100pV from peak to peak

lnitial Hold Ramp Fmal
80°C  15.00 0G.00 80"0: .

H
-0.100 A
e = = = . i STETE

C,C Hydrocarbon Test Analysis

.im?ﬁ;ﬁfi? ._?_E_‘_ij.;i'-'"_,, R/ ol fn fs f"\ fol 7 fa o % %= sample: 1mL of 1000ppm C.-C,
[ 1000 Pow [FD _ : . Carrier: Helium @ 10mL/min
2055.000 | Ar3a40s04. CHRIDEFAULT.CON e F';ENTANE : F‘iD HZ at 25;35[ g 25mum!n
I { ' FID air at 6psi = 250mL/min
| | ' FID temp = 150°C
PROPANE , HEXAHE ' FID ignitor =-750
| - ] 1 f  FID gain = HIGH
| | Valve temp = 90°C
& r;E;ch [ i i
r@n i | 1= !
@: i ;l J! ‘. i . Results:
i i | P Component  Retention Area
( {4 { - Methane 0.850 6979.9260
il g {1 'i Ethane 2.866 12623.7580
I I | // 1 Propane 5683 19535 8960
[-, i by | Butane 8.200 26456 5980
: 24 o . Pentane 10.283 33053.9880
& Hexane 12.818 38419.0870
204800 ' Totat 139069.2330
\.\..5:‘?_9'”. ‘ ; | T5om




DETECTORS
FID - Flame lonization Detector

Expected Performance

BTEX Test Analysis

The BTEX chemicals (Benzene, Toluene, Ethylbenzene, and Xylenes) are volatile monoaromatic
hydrocarbons found in petroleum products like gasolme. Dueto industrial spills and storage tank leakage, they
are common environmental pollutants. Groundwater, wastewater, and soil are tested for BTEX chemicals in
many everyday situations. The chromatogram below was obtained using an FID-equipped SRI GC.

Ete gat e Acidiibin Mol _ :
CEW@EnwE 12343 hmfafafafnfafafan o (B>

:fug 100 FPM STE[EID |
s £42.000 ;ctz.%iilsseashu:)EFAu_‘r.cow [
% N ow 1pL 100ppm BTEX sample
= 5
g =
& 3 15m MXT-VOL capillary
& " 2 % column
& y E ’; 1= FID gain = HIGH
5 Ioog FIDtemp = 150°C
& I b8 FID ignitor = -400
8 i g | 2
L i'\ = 7 f i 12
il :1 JA{ r"?i J4 -"l.k...‘}l'-;r'
Results:
Component Reteniion Arca
Solvent 0.433 05879.7580
Benzene 2.083 837.1000
TGE 2.700 319.2450
Toiuene 4,183 1070.1060
PCE 5.000 344 8640
Ethyl Benzene 6.233 1200.3320
Crtho Xylens 6.800 1312.3070
Bromoform 7.150 225.2360

total 101188.8460
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General Operating Procedure

1. Setthe FID amplifier gain switch to HIGH for most hydrocarbon applications. If peaks of interest go offthe
scale (greater than 5000mV), set the gain to MEDIUM. When peaks of interest are 20 seconds wide or more
at the base and extra noise immunity is desired, set the gain switch to HIGH (filtered). This setting broadens

the peaks slightly.

2. Set the FID hydrogen flow to 25mL/min, and the FID air supply flow to 250mL/min. The approximate
pressures required are printed in the gas flow chart on the right-hand side of the GC.

3. Ignite the FID by holding up the ignitor switch for a couple of seconds until you hear a small POP. The
igmitor switch is located on the front panel of your SRIGC under the “DETECTOR PARAMETERS” heading

(itis labelled vertically: “FLAME IGNITE”).

4. Verify that the FID flame is lit by holding the
shiny side of a chromed wrench directly in front of
the collector outlet/FID exhaust vent. If
condensation becomes visible on the wrench
surface, the flame 1s lit.

GETEHGTIGR 2

Famray o i AerUTIER

5. If you wish to keep the ignitor ON to prevent flameout, set the ignitor voltage to -750 by adjusting the
trimpot on the “FLAME IGNITE” zone with the supplied screwdriver.
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Flame lonization Detector - FID

FID Troubleshooting

Whenever vou experience problems with your FID, review your operating procedures: check the detector
parameters, check to make sure you are on the correct channel of the data system display, check the mixture
of hydrogen (25mL/min) and air (250mL/min), check gas pressures and connections, check the oven and
detector temperatures, and all the other variables that compose your analysis. Having ruled out operating
procedure as the source of the problem, there are two simple diagnostic tests you can perform. Detector
problems can be electrical or chemical in nature. Use the Flame ON/OFF test to help determine if the problem

is of chemical origin. Use the Wet Finger test to determine if the problem is electrical.
A. Flame ON/OFF Test

1. Extinguish the flame by turning off the air.

> Use the wrench test to make sure the flame is OFF. Ifitis, observe the baseline in
the chromatogram window to see whether there is an improvement or no change atall.

3. If baseline noise and high background disappear with the FID flame OFF. the
problem is chemical in nature.

4. Tsolate the column by capping off the column entrance to the detector with a
swagelok-type cap or a nut and septum. Turn the air back on and light the FID flame.
Ifthe detector noise is similar to the background that was observed with the flame
OFF, the column is suspect.

™
B. Wet Finger Test {ﬁ\ et
1. Make a V sign with the first two fingers of your right hand. f-:E; ' \j "'1‘
-. A

2. Moisten thase two fingers (you can achieve sufficient moisture by licking them). \c \\

\ e
3. Place one finger on the collector electrode, and place the other on bare metal (like \ ﬁ\“{f
the FID detector body or the column oven lid) to ground the collector. Make your \ \_/;-

contact brief--you need only brush o,
One finger here and these parts to perform the test. Be
carcful not to burn yourself; the
column oven lid is probably cooler
than the FID detector body.

5. Observing the milliVolt reading on the screen. If your
contact makes a significant change in the milliVolt reading,
then the FID detector electronics are working. The data
system signal should jump from zero to the maximum voltage
(5,000mV), then come back down when you remove your

fingers.
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Cleaning the FID

The FID detector rarely requires cleaning or servicing. It may develop a film or coating of combustion
desposits in the flameport with extended use. Usc the FID detector viewport to check for visible deposits. If
you’re experiencing problems with your FID detector, try cleaning it, even ifvou ”
can’t see deposits through the viewport.

1. Unscrew the viewport cap nut and examine the flameport interior for coatings or
films. [fresidue is found, the collector electrode and the flameport will need cleaning.

2. Remove flameport assembly from the heater block

a. Disconnect the FID air supply line at the 1/16” bulkhead fitting,

b. Using a philps head screwdriver, remove the screw on the top
of the FID’s heater block and pull the aluminum cover up and
off.

c. Gently pull off the white insulation to
reveal the detector’s bulkhead fitting on
the column oven wall. Loosen this fitting
to disconnect the flameport.

3. Remove the collector electrode

a. Unclip the electrode lead
terminal and slide it off the
electrode.

b. Loosen and remove the nut and ferrule that hold the
collector electrode in the flameport body.

¢. Shide the collector electrode out of the nut. Once removed, . TN e
spin it between your fingers in a piece of sandpaper to clean the i W&“ﬁ} -
stainless steel surface. A wire brush may also be used to scrub E |

the electrode. Once cleaned. set it aside with the ignitor.
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Cleaning the FID continued

4. Remove the FID ignitor element

a. The ignitor element is brittle and will break when stressed, so handie the =
ignitor carefully, mindfii of any torque on the blades. While holding the fgnitor | ¥
by the ceramic body with one hand, loosen the 1/4” swagelok-type nut that | Graphite ferrule—s
holds it in place. There is a graphite ferrule inside this nut that secures the

i
B

ceramic ignitor body when the nut is tightened. igRitor Body
b. Carefully pull the ignitor down out of the flameport. Disconnect the ignitor
from the spring-loaded ignitor current source terminals. Setthe ignitor securely o
aside. 3
FID ignitor removed from the flameport assembly
i e G e = .

5. Use a wire brush or a sharp object to remove any residue from the flameport interior, then rinse it with
solvent (methanol or methylene chloride), and bake it out in the GC’s column oven at 250°C for 10-15

IOIntes,

Scrape, rinse, and bake out the FID flameport interior

6. Re-assembly

a. Once all the FID parts are cleaned, reverse the disassembly process, starting with the replacement
of the ceramic ignitor. Leaving out the cleaning steps, your last step shouid be reinstalling the flameport
assembly onto the heater block. Make sure to position the ignitor so that the blade is slightly below

and angled 10-15° toward the jet’s tip so that the ignitor will not interfere with the flame or create

turbulence.

Use the viewport to correctly position the FID ignitor
and collector electrode inside the flameport

FID ignitor removed from % VIEW

the flameport; note the [

slight angle of the blade

element ; +

- [ st it o

- Position the collector electrode
s0 that about 1/8" of it is visible
through the viewport

Ignitor blade
= must not !
touch FIDjet | |



There are situations where it would be helpful to op- Ao
erate the FID detector using just the built-in air com- I
pressor for carrier gas and no other gases. SRI dis- =
tributors demonstrating the GC and software may e o
find it useful to run live chromatograms without the
inconvenience of providing hydrogen and helium.
Service personnel troubleshooting other GC func-
tions may be able to test the GC without gases, and
under some circumstances, the response of the
flameless ionization detector ( FLID ) may actually be
useful for non-guantitative applications.

The FID detector is normally located on the right
hand side of the column oven.

The FID normally requires a flow of 20-30 mi/min of
hydrogen and 200-300 ml/min of air to support a hy-
drogen flame at the tip if the jet. The heat of the
flame ionizes the analyte molecules, and the nega-
tive ions allow a small electric current to flow be-
tween the collector electrode and the grounded flame
jet. The ignitor normally serves only to ignite the
flame.

Collector
g electrode

The FID detector body is shown at right in the normal
configuration, but removed from the detector heating
block on the GC for clarity.

Inside the FID detector body, the ignitor is normally
positioned just below and behind the tip of the jet.
Notice that the ignitor blade is tilted at a 15 degree
angle from the ceramic tube in which it is fabricated.
In normal FID operation, the ignitor is positioned be-
low and behind the jet so it will not disrupt or distort
the flame, yet close enough to easily ignite the hydro-
gen/air mixture.

Man 143.pub



In the FLID mode, the ignitor itself provides the heat
necessary to ionize the sample molecules. Accord-
ingly, the ignitor needs to be positioned directly in
front of the jet. The slight angle of the ignitor allows
the ignitor tip to be located 1-2 mm in front and
slightly above the jet. The ignitor is held in place by a
soft graphite ferrule and a swagelok nut. Be careful
when manipulating or twisting the ignitor because the
ignitor blade is very brittle ceramic, and will snap if
stressed. Replacement ignitors are available using
part# 8670-0150.

The ignitor temperature must be raised so that it
glows red hot. Set the FID ignitor volts to at least
900-1000 using the front panel FID Ignitor control.

A chromatogram of gasoline is shown below which
was run using the FLID mode. Only the larger gaso-
line components ( > 1000 ppm ) were detected.
Sensitivity is exponential due to the temperature rise
that occurs when the peak combusts on the ignitor
surface. Large peaks which elute quickly may cool
the ignitor resulting in split peaks.

PeakSimple for Windows

1ul Gasoline injected onto 30 meter .53mm
capillary column using air carrier gas from
the built-in air compressor.

UL\M D s A
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To convert the FID detector to NPD
detector:

1) The FID and NPD detectars are almost identical.
The detector body is mounted on a heated aluminum
block on the right hand side of the GC oven.

The NPD body is slightly different from the FID in
that the NPD flame jet does not protrude as far into
the detector body as it does on the FID. This allows
the NPD thermionic bead to be positioned directly in
front of the jet. Remove the FID body from the
heated aluminum block and replace it with the NPD

body.

2) The photo at right shows the FID/NPD detector
body and both the FID ignitor and NPD thermionic
bead side by side for comparison. Both the FID igni-
tor and NPD thermionic bead are inserted into the
detector body from the bottom. The ignitor is in-
serted until the tip of the ignitor is just below the tip of
the flame jet, while the NPD bead is inserted until the
heated part of the bead is directly in front of the
flame jet. For NPD operation, the sample molecules
must collide with the bead in order to be ionized and
detected.

3) The gas flows to the NPD detector are different
than the FID gas flows. The NPD hydrogen flow is
normally about 3 ml/min while the FID hydrogen flow
is about 25ml/min. To obtain this lower H2 flow rate,
an additional restrictor coil is attached to the hydro-
gen bulkhead fitting immediately below the detector
body. With this additional restrictor coil in place, 10
psi hydrgen pressure will result in a flow rate of about
3ml/min. The NPD air flow rate is typically about 100
ml/min, but this flow rate can be achieved by simply
reducing the air pressure from 8 psi to about 3 psi.

Man128.pub
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To convert the FID detector to NPD
detector:

4) The NPD bead plugs into the push terminal block
on the GC directly beneath the detector. The termi-
nals are labelled FID ignitor because this is where
the FID ignitor is normally connected.

5) Because the NPD bead can only tolerate a maxi-
mum voltage of —4.50 voits, be careful not to set the
FID volts setpoint higher than —4.50. Be especially
careful not to flip the FID ignite switch to the up posi-
tion, as this will apply 10 volts to the NPD bead and
burn it out. When an NPD detector is ordered sepa-
rately from the FID, the NPD volts are automatically
limited to —4.50 volts maximum. But when the FID
and NPD share the bead/ignitor circuit, the operator
must be careful not to apply more voltage than the
bead can tolerate.

Mani30.pub




Chapter: DETECTORS

Topic: NPD - Theory of Operation and General Information

The Nitrogen / Phosphorus Detector, or NPD, as it is commonly referred to, is specified for
the analysis of organic compounds containing nitrogen and/or phosphorus. The NPD detector is ideal
for the analysis of pesticides and herbicides such as Parathion®, which contains nitrogen, phosphorus
and sulfur. Minimum detectable quantities are in the 10 picogram range for this compound.

In principle, when organic compounds containing either nitrogen or phosphorus are introduced
into a hydrogen plasma induced around a salt, charged particles or ions are generated, either by
thermal ionization or oxidation. In the case of the NPD detector, ionization occurs as each sample
component is eluted into the hydrogen plasma glowing around the NPD bead which 1s located
directly at the exit of the analytical column. Ions freed in the plasma are then collected by a
positively-charged collector electrode immediately adjacent to the gas plasma, and the electrical
current produced by the passing of each component is carried to the electrometer/amplifier for
processing and routing to the data system. The SRI NPD design exhibits extremely linear response.

Hydrogen gas

Thermionic
NPD bead

Sample-laden carrier gas
exiting column into jet

Compressed air to J’
fuel hydrogen flame
Positivelycharged collector electrode
(carries signal to electrometer/amplifier)

BASIC NITROGEN/PHOSPHORUS DETECTOR DIAGRAM

e The illustration at left shows a
Sppm concentration of a proprietary
gasoline additive in nitrogen. The
operation of the NPD detector was
adjusted to permit display of the
gasoline peaks immediately preceding
the internal standard and target peak. If
the detector response was optimized,

T ed
ce:;;mm the selectivity of the detector would
have eliminated the gasoline peaks
e - ..,.b,,__L_ﬂ from the chromatogram. In this case, it
— was desireable to show the gasoline

peaks, and the NPD H, gas and bead

5 ppm concentration of target component in nitrogen
were adjusted according.

DN\EP2DOCS\NPDDET.EPD REV. (04-05-94



Chapter: DETECTORS

Topic:

i e S

Preparation of The Nitrogen-Phosphorus Detector For Operation

The majority of gas chromatographs manufactured by SRI Instruments that offer the
Nitrogen-Phosphorus Detector option are equipped with a flame ionization detector as standard
equipment. The Nitrogen-Phosphorus Detector is configured for use by a conversion (hardware
modification) to the FID system in the field. The modification of the FID detector is minimal and
may be performed in a matter of minutes. Reversion back to the standard FID detector configuration
may be performed as needed without any major interruption to the throughput of analyses through the

chromatograph.

In some specific cases,

the gas chromatograph is equipped with a permanent configuration of

the nitrogen-phosphorus detector (NPD). On such models, the hardware modifications indicated on
this page are not applicable, as the detector is already configured and not convertible.

Location of NPD current limiting resistor inside of
GC chassis (must be inserted to operate NPD bead).

NPD bead inserted in
FID - NPD detector body (pull
FID jet back to insert NPD bead)

Loosen this nut to adjust the
penetration position of the FID
jet with relation to the NPD
bead as previously illustrated

== ©
— o
] -
Restrictor should be inserted
into hydrogen gas line at this /
bulkhead
This cap nut may be
removed to view position  pu.cerbody
of jet tip. Jet should image rotated 90
: degress from
pmlmd? e ﬂameporl vertical for visual
flush with leading (left) i

edge of cap nut orifice

NPD hydrogen restrictor tubing must be inserted
into hydrogen supply line to FID body to operale
NPD detector

D:\SSEPZDOC\NPDO2.EFD

330 ohm 1/4 walt
NPD limiting resistor
(EIA color coded
ORANGE-ORANGE-BROWN)

21" of 1/16™ O.D.,
0.005" 1.D. S.S. tubing
Flow should be
3 ml/min of Hs at 10 psi
of pressure.

NPD hydrogen gas flow restrictor
(for reducing hydrogen gas flow
to proper level for NPD operation)

The thermionically-heated alkali
bead used in the NPD detector must be
positioned perpendicular to both the
detector jet and the collector electrode on
the lateral edge of the hydrogen - air
plasma generated by the application of
electrical current. When converting an FID
detector to NPD operation, the FID jet
should be repositioned back toward the
column oven to permit proper insertion of
the NPD bead. The current is set as low as
possible while maintaining the plasma.
Once these hardware modifications are in
place as indicated, adjust the NPD detector
as instructed on the previous page.

REV. 072995
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| Chapter:  DETECTORS

|
‘ Topic: Operation Of The Nitrogen - Phosphorus (NPD) Detector

l

| —

NPD bead positioned
in flameport

F;D jet poéﬁlo%,rgwed back The SRI design FID
TOm NOTMS position = detector converts quickly into a
for use with NPD bead nitrogen - phosphorus detector by
@ the simple replacement of the FID
ignitor element with the
electrically-heated thermionic
o NPD bead element. The hydrogen
1 eatrode | flow is then manually reduced to
between 1 and 7 ml. per minute
by the installation of a flow
restrictor prior to the FID detector
Note that the detector Rydrogen bulkhead fitting
B! body has been rotated  (between 1 and 3 ml. per minute
) forward to a horizontal 35 optimum). With the heated
FID hydrogen S o esonty " NPD bead installed directly in the
© carrier gas flow exiting the FID
NPD detector assembly (modified FID detector) gg‘glf‘gifédﬂ‘tgmiﬁ ;g;“cgoé‘fﬁi
bead, where any molecule

containing a nitrogen or phosphorus group is prompted to release an electron in the hydrogen-air
plasma generated by the bead. The liberated electron is attracted to the charged collector electrode
and it creates a current that is delivered to the FID electrometer for processing. Note that the FID jet
should be relocated (pulled away) from the NPD bead and collector electrode, as illustrated, for
proper operation. Return the FID jet to its original position when returning to FID operation.

T
T

Detector inlet i

=Ly
]

]

!
hY
3

The nitrogen - phosphorus bead is extremely selective, providing 10,000 times higher response
to nitrogen - phosphorus compounds than to hydrocarbons. When using the NPD detection method,
nitrogen is the carrier gas of preference although helium carrier gas may be used. The bead must be
operated with the minimum current required to maintain the hydrogen-air plasma. If more current
than necessary is applied, the detector will show greater sensitivity, but the life and subsequent
sensitivity of the NPD bead will be greatly reduced. The NPD should only be operated with the 330
ohm NPD current-limiting resistor in place in the circuit. AT NO TIME should the NPD voltage be
operated above 4.4 volts. Nitrogen - phosphorus compounds increase the current in the plasma as
they collide with the surface of the thermionic heated alkali metal bead.

Hydrogen - air plasma created around Current to thermionic
thermionically-heated NPD bead element bead necessary to
maintain gas plasma

/

EID collector clectrode e — "7 ==}
i |NPD bead clement =

\ Electrons liberated from nitrogen - phosphorus
sample components attracted by collector

—
S

FID jet delivering sample
components onto NPD bead
In order to operate the NPD detector, verify that the hydrogen flow rate is in the vicinity of 3 ml per
minute by using a bubble flow meter capable of accurate measurement in that range. The hydrogen
flow rate is normally maintained at 20 to 25 ml per minute. The air flow must be adjusted to
approximately 80 ml per minute. This is much lower than the 250 - 300 ml per minute flow rate that
is typically used for flame ionization detector operation.

DASSEPZDOCNPDOL.EPD REV, 07-30-95



Oxygenate Selective Detection for GC
ETHANOL in GASOLIN

Oxygenate Selective Detection for GC
CARBOXYLIC ACIDS

TID-1 surface

Negative lonization on a ceramic TID-1 surface detects lohisatan with. an l:mm ACID IN WINE
Oxygenates with good seloc_ﬂvltyvs. Hydrocarbons. i defechor: s b PACHIEANG Ry
TID-1 detection ?WGS Cbigb Sigﬂﬁls o
provides a simple ETHAN or arboxylic 3 Rt i
analysis for the g YAt Acids relative to TID-1-AIR & Fonmic Acd
Ethanol additive in other Oxygenates e
gasoline. Only a single FID like Alcohals. TID-1 el oher voRitie
gas supply (Nitrogen) 428 nA full scale detection includes o Ethanol ’ e
suffices for both GC Formic Acid which '
camier and detactor is not detected by
gases. Short analysis an FID. TID-1 L e .
times can be. used detection is also ~™— =
because Ethanol is e non-destructive
easily detected amidst so component . s
many overlapping aromas can be LR
Hydrocarbon sensed at the to Formic Acld
components. TID-1 detector exit. H,O
also detects Phenols, is also detectable .
Glycols, and other to ppm levels L l
Oxygenated = =
compounds.

Selective Detection for GC Pb-Sn-P-Si

TRIHALOMETHANES (Lead, Tin, Phosphorus, Silicon)

e e e R S S = et S e P e S e
TiD-3 surface catalyzed negative ionization process

Volatile HALOGENATES

detected with a sensitivity of 1
o po/sec, selectivity of 100,000:1 vs.
ranssate hydrocarbons, and linear
response exceeding a range of
10,000 in sample weight.

Unlike other halogen dstectors,
TID-3 response to Br is
significantly more than CI.
Detector gas may be Nitrogen or
Alr with no requirement for ultra
high purity. This detector is much
easier and less costly to operate
and maintain than an Electrolytic
Conductivity Detector.

L B T

Sample analyzed:

640 pg each: 1=CHCI, 2=CHCL.Br 3=CHCIBr, 4=CHBr,
47,000 pg each: B=benzene T=toluene

2,500,000 pg: M=methanol Solvent: water

selective detection with a DET innovation

0rganicallx-Fueled Remote FID

A polarizer and ion collector
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featuring novel applications of the principles of
THERMIONIC SURFACE IONIZATION and FLAME IONIZATION
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art N-selectivity for
trace detection of drugs
of abuse, pesticides,
explosives, and
pollutants.

The 6890 NPD
hardware features a
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source - collector
electrode geometry for
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and efficient ion
collection. Similar DET
equipment is available
for HP5890, Varian 3400-3800, and SRI 8610 GC models.
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Selective Detection for GC
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combines surface ionization
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Abstract

Thermionic ionization detectors are most widely used for
the specific detection of nitrogen-phosphorus compounds
in gas chromatography. The operating mechanism of these
detectors is a surface ionization process in which the key
parameters are the work function of the thermionic emis-
sion surface, the temperature of the thermionic surface,
and the composition of the gas environment in the imme-
diate vicinity of the thermionic surface. By aystematic
variations of each of these three key parameters, the
technique of thermionic ionization detection has been
graatly expanded to sncompass a number of different
modes of response, all of which use similar detector hard-
ware and slectronic components.

Introduction

Thermionic ionization detectors (TID) are best known in gas
chromatography (GC) for their application to the specific detec-
tion of nitrogen (N) or phosphorus (P) compounds. All modern
TIDs are essentially derivations of a basic design first described
by Kolb and Bischoff (1) in 1974. The main component in this
type of detector is an clectrically-heated thermionic emission
source in the form of a bead or cylinder which is usually composed
of an alkali-metal compound impregnating a glass or ceramic
matrix. In the TID, the thermionic source is positioned so that
sample compounds may impinge upon its surface, and any
ionization produced is measured by an adjacent collector elec-
trode. Kolb and Bischoff were the first to report that a thermionic
source comprised of a Rb-silicate glass bead produced very
specific NP responses when the bead was operated at high temp-
eratures in a gas environment of dilute H; in air.

Since the original work of Kolb and Bischoff, there have been
continuing developments in NP detectors, with much emphasis
on improved methods of construction and composition of the
thermionic emission sources. The most important development,
however, has been the recognition in recent years that the opera-
tion mechanism of a TID is a surface ionization process (2) rather
than the gas phase ionization process originally proposed by
Kolb et al. (1,3). Once it was clear that a surface ionization

Reproducton (photocopying) of editorial content of this jounal is prohibited without publi 's permi

process was operative, it was possible to identify three key
operating parameters which control the ionization produced.
These parameters are: the electronic work function of the therm-
ionic emission surface which is determined by the chemical com-
position of the surface; the temperature of the thermionic sur-
face; and the chemical composition of the gas environment im-
mediately surrounding the thermionic surface.

The identification of these parameters has led 1o a clearer
understanding of the compiex chemistry active in NP detection,
and has provided an important guide for expanding the applica-
tions of thermionic ionization techniques. Through systematic
variations in each of the key parameters, many different modes
of detector response have been achieved (3-6). Hence, the tech-
nique of thermionic ionization detection now correctly refers
to a number of GC detector responses which are related through
the use of many common hardware and electronic components.
This article reviews the present state of development of the
members of this unique group of detectors.

Types of Thermionic Emission Sources

All commercially available TIDs use thermionic emission
sources formed according to one of the following four general
methods:

{A) homogeneous alkali-glass bead formed on a loop of bare
platinum wire (1);

(B) alkali salt activator coated on a ceramic cylinder core con-
taining an embedded heater coil (7);

(C) homogeneous alkali-ceramic bead formed on a coil of
nichrome heater wire (2,8,9);

(D) multiple layers of cylindrically-shaped ceramic coatings, with
a non-corrosive, electrically-conducting sub-layer of Ni-
ceramic completely covering a loop of nichrome wire, and
a surface layer comprised of alkali and/or other additives
in 2 ceramic matrix (5,10).

Thermionic sources representing all four categories cited
above have been used in NP detectors available from different
manufacturers. Generally, those sources formed from ceramic
materials provide greater flexibility for varving the chemical
composition of the source. This is because the ceramic com-
positions are formulated and coated from a slurry at room
temperature (9), whereas the glass compositions are formed in
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a process that proceeds through a molten glass state (11).

The detailed chemical compositions of thermionic emission
sources are usually regarded as confidential proprietary infor-
mation by the manufacturer. Since the first alkali-glass bead
reported by Kolb and Bischoff used Rb as the alkali compound,
there existed for many years a belief that Rb was an essential
component for optimum NP responses. However, in recent
years, NP detectors with state-of-the-art performance specifica-
tions have been reported in which Cs rather than Rb is used
as the alkali component (5). Also, another recent report (12)
has described an NP detector which uses a LaB,/Si0; bead and
no alkali additive. In accordance with a mechanism of surface
ionization prevailing in the TID, the most important character-
istic of the thermionic emission surface is its electronic work
function (i.e., the amount of energy required to emit a unit of
electrical charge from the surface). Alkali-metal compounds
have been especially successful additives because they lower the
work function of the glass or ceramic matrix, thereby facilitating
the emission of charged particles from the heated thermionic
surface. The mathematical relationships between work func-
tion, surface temperature, and thermionic emission current have
been discussed (2.12).

The development of multiple-layered, ceramic-coated therm-
ionic emission sources has allowed examination of coatings of
many different chemical compositions without the risk of
materials in the surface layer corroding the heater wire. In the
search for expanded applications for thermionic ionization
techniques, the basic task is to define a specific match of a therm-
jonic source type with an operating gas environment and a range
of operating source temperatures. To date, three different
chemical compositions of thermionic sources have been shown
(5,6) to have useful applications in differing modes of thermionic
detection. These source compositions are shown in Table [. Data
obtained using these three types of thermionic emission sources
are presented in the following sections.

Modes of Response

Schematic illustrations of four different versions of therm-
ionic ionization detection equipment are shown in Figures |
through 4. Common components in each version are as follows:
(A) an electrically-heated, thermionic/catalytic source con-
structed of multiple layers of ceramic coatings;

(B) a cylindrical collector electrode surrounding the cylindrically
shaped thermionic source;

(C) a source power supply that provides heating current to heat
the source to typical temperatures of 400° to 800°C, and
a bias voltage to polarize the source structure at a negative
voltage with respect 1o the collector;

Table I. Thermionic Source Surface Layers

Source type® Addlitive Work function
TID-1 High concentration Cs Low
TiD-2 Low concentration Cs/Sr Medium
CFiD Nickel High

*Nomencialure adopied from Pamarson (S).
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(D) an electrometer that measures negative ionization currents
arriving at the collector electrode.

The TID hardware usually mounts onto an FID-type detector
base that is resident on a2 GC, so that two different detector
gases may be supplied in addition to the GC effluent. Therefore,
changes in the modes of detector response that correspond to
the schematics of Figures 1 through 4 are accomplished by
changes in the type of thermionic source, changes in the com-
position of gases supplied to the detector, or by changes in the
operating temperature of the thermionic surface.

Most of the TIDs available commercially function by the col-
lection of negative ionization rather than positive ionization.
In the discussion that follows, it will be shown that the concepts
of negative ion chemistry provide a logical pattern for correlating
the responses of the different modes of thermionic detection.

TID-1-N;: Nitro/electronegative specific response

The simplest mode of thermionic detection is represented by
the schematic in Figure 1. In this mode, the low work function
thermionic source designated by the TID-1 nomenclature is
operated in a detector gas environment of N,, Because the detec-
tor gases are inert, sample compounds interact directly with the
TID-! surface, which is typically heated to temperatures in the
range of 400° to 600°C. The ionization process in this case is
direct transfer of negative charge from the TID-1 surface to

TID-1-N, [AIR]
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THERMIONIC P
SOURCE o CURRENT
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Figure 1. Schematic illustration of the detection configuration for the thermionic
ionization modes TID-1-Nz and TID-1-air. Detector gas 1=FID-H. inlet line;
detector gas 2=FID-air inlet line.
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the sample molecule. Consequently, this mode of response pro-
vides exceptionally high specificity and sensitivity to many com-
pounds containing the nitro (NO.) functional group (5,13), as
well as 1o certain other electronegative compounds (e.g., pen-
tachlorophenol, diazepam, and methaqualone). This mode of
detection is very sensitive to the detailed elecironegativity of
the sample’s molecular structure, as has been illustrated by the
observation that a larger signal is obtained for the 2,4-isomer
of dinitrotoluene in comparison to the 2,6-isomer (5). The
TID-1-N; mode is superior 1o a conventional NP detector or
an electron capture detector (ECD) for detection of trace level
nitro-compounds such as nitro-PAH, nitro-explosives, nitro-
pesticides (e.g., parathion, methyl parathion), nitro-drugs, nitro-
derivatives. For many nitro-compounds, the specificity vs.
hydrocarbons is an astonishing 10*, and detectivity is in the 0.1-
to 1.0-pg range (5).

TID-1-air: Halogen/nitro specific response

When the TID-1 thermionic source is operated in an oxygen-
containing gas environment rather than one of N,, specific
responses to halogenated compounds are enhanced while
responses Lo nitro-compounds are decreased somewhat (14). The
TID-1-air mode of detection is generally not as sensitive as an
ECD or Hall detector for chlorinated compounds, but it pro-
vides halogen specificity at higher concentrations where ECD
and Hall are saturated. Typical specificity is 10* and detectivity

is 0.1 to 1.0 ng. This is an especially simple mode of detection
for ethylene dibromide (EDB) in the headspace vapors of food
products.

TID-2-Ha/air: Nitrogen/phosphorus specific response

The schematic illustration of Figure 2 represents the situation
that prevails in an NP detection mode. For this mode, H; and
air gases are supplied to the detector, and a thermionic source
of moderate work function (i.e., TID-2) is operated hot enough
{600° to 800°C) to cause thermal/chemical decomposition of
the H: and O, gases. A critical parameter in this NP mode is
the restriction of the H; 10 low flows (e.g., 3 to 6 mi/min) which
are not sufficient to maintain a seif-sustaining flame at the sam-
ple conduit (i.e., jet structure) depicted in Figure 2. Instead,
a flame-like gaseous boundary layer is created in the immediate
vicinity of the hot thermionic source. Since this boundary layer
is very reactive chemically, sample compounds are decomposed
by the active gas phase chemistry, and electronegative products
of decomposition are selectively ionized by surface ionization
on the thermionic source. N or P compounds are ionized with
especially high specificity by this process. An essential condition
for the onset of NP detection is that the thermionic source must
be hot enough to ‘‘ignite’’ the boundary layer chemistry. Under
these conditions, a thermionic source of moderate work func-
tion provides the optimum compromise of sample response
signal vs. dete\'.‘torbackgrotmdsmm] A low work function therm-
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Figure 2. Schematic illusiration of the detecton canfiguration tor the TID-2-Hafair
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Figure 3. Schematic illustration of the detection configuration for the catalytic
flame ionization detector (CFID) mode of response.

43



ionic source (e.g., TID-1) operated under these conditions would
produce an overwhelmingly large background signal. Conversely,
a high work function thermionic source (e.g., catalytic flame
lonization detection) operated under these conditions would pro-
duce smaller NP signals and less specificity than the moderate
work function thermionic source. Typical performance specifi-
cations for NP detectors are detectivities in the range of 1 to
10 pg, and specificity with respect to hydrocarbons in the range
of 10 to 10°.

CFID: Universal response to all organics

Figure 3 depicts a mode of response achieved when the H;
flow to the detector is sufficient to produce a true self-sustaining
flame burning at the jet structure. This mode of operation has
been designated (5) catalytic flame ionization detection (CFID)
because of its close similarity to a conventional FID. The CFID
is essentially an FID which has been modified by inserting an
electri -ally-heated catalytic source comprised of a Ni-impreg-
nated ceramic into the center of the active flame region. In this
detection mode, the catalytic source structure serves the three-
fold function of flame ignitor, flame polarizer, and catalytic
combustion modifier/thermionic surface ionizer. In the CFID,
two types of ionization processes are active: gas phase ioniza-
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Figure 4. Schematic illustration of the detection configuration for the flame therm-
jonic iomization detector (FTID) mode of response.
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tion processes identical to those which occur in a conventional
FID, and surface ionization processes at the catalytic source
structure which especially enhance the ionization efficiency of
many heteroatom compounds (especially halogenated and phos-
phorus compounds).

Like a conventional FID, the magnitude of the gas phase
ionization is determined primarily by the magnitudes of H. and
air flows and the size of the jet orifice, so that additional elec-
trical heating of the CFID source has little effect on the gas
phase ionization. However, the magnitudes of ionization pro-
duced by surface processes at the CFID source is strongly depen-
dent on the electrical heating of the source. Hence, in many
cases, response factors for heteroatom compounds can be
enhanced to be comparable to hydrocarbons by a judicious
selection of source heating current. For this CFID mode of
detection, the thermionic/catalytic source of highest work func-
tion is most suitable because the flame heat would otherwise
cause an excessive thermionic emission background signal. The
CFID provides detectivities in the 10- to 100-pg range for most
organic compounds.

FTID: Nitrogen/halogen specific response

Figure 4 depicts a further detection mode in which the therm-
ionic source and collector electrode structure are positioned well
downstream of the active region of a self-sustaining flame. The
basic concept (6) of this flame thermionic ionization detection
(FTID) mode is 10 burn sample compounds in a self-sustaining
H./air flame at a flame jet, and to selectively re-ionize elec-
tronegative combustion products by means of the thermionic
ionization components located downstream. In the FTID, a
large physical separation between the flame and the thermionic
source/collector electrode provides minimal collection of ioniza-
tion produced in the flame, but excellent collection of ioniza-
tion produced at the heated surface of the thermionic source.
Ah auxiliary ion-suppress voltage can be applied to further pre-
vent ionization produced in the flame from reaching the ioniza-
tion collector. This mode of detection provides specific responses
to compounds containing N or halogen atoms with a specificity
of 10° and detectivity of 1.0 ng. The precombustion of samples
in the flame minimizes interferences from sample matrices
and provides more uniform responses independent of the
original molecular structure of the sample compound. Both the
low work function (TID-1) and moderate work function (TID-2)
thermionic sources have been used in this FTID configuration.
FTID-1 provides good responses to both nitrogen and halogen
compounds, whereas FTID-2 responds best for halogen com-
pounds with suppressed nitrogen response.

Remote FID: Organo-lead specific response

This mode of detection is a simple variation of the FTID in
which no electrical heating is supplied to the thermionic source,
and the ion-suppress voltage depicted in Figure 4 is not applied.
In this case, the thermionic source serves merely as a polarizer
to drive negative ions in the flame effluent to the TID cellector
electrode. The ionization sensed in this mode corresponds to
long-lived negative ions originally produced in the flame.
Because of the large separation between the flame and the TID
collector electrode, the bulk of the hydrocarbon ionization pro-
duced by the flame is dissipated (i.e., positive-negative ion
recombination or neutralization at a wall surface) before
reaching the TID collector. However, certain heteroatom com-
pounds appear to combust to negative ion products which are
especially stable and long-lived. The outstanding demonstration
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of this effect is the specific detection of lead compounds in
gasoline. Since the thermionic source is not electrically-heated
and is not used as a source of surface ionization, any type of
thermionic source may be employed in this mode.

Experimental

The applications data presented in this report were obtained
with equipment previously described (5,6,14). All the data were
obtained using a Model 3740 gas chromatograph (Varian Associ-
ates) equipped with either a TID/CFID detector assembly
(TID-1-N;, TID-1-air, TID-2-H;/air, and CFID modes) or an
FTID/TID detector assembly (FTID and remote FID modes)
(Detector Engineering and Technology). The TID-1, TID-2, and
CFID thermionic emission sources were alsc manufactured by
Detector Engineering and Technology, as was the Model 4000
detector current supply. Negative ionization signals from the
detector were measured using the differential electrometer
(Varian) in a negative polarity configuration.

The detector assemblies mounted onto the FID-base on the
GC, so that different detector gas environments were imple-
mented by plumbing in the appropriate gas through the two
gas lines that normally supply H, and air to an FID. Typical
gas flows supplied for different modes of detection are detailed
in Table 11.

All the data presented in this report were obtained using glass
columns, 6 ftx ' in.x2 mm i.d., packed with either 3%
SP-2250, 3% SP-2100, or 1% SP-1240 DA on 100/120 Supelco-
port (Supelco) or 80/ 100 Chromosorb 102. The GC carrier gas
in all cases was N; at a flow rate of 30 ml/min. For complex
samples like gasoline, the chromatographic separation was in-
tentionally very poor in order to produce a challenging detector
environment to demonstrate specificity of response in the
simultaneous presence of many overlapping compounds.

Sample mixtures that were analyzed included a TSD test sam-
ple (ng levels of azobenzene, methyl parathion, and malathion)
(Varian); Base-Neutral 1 sample (Supeico); pheneol mix (Supelco);
DCMA PCB mixiure (Supelco); and nitroaromatic mixture
(Supelco) diluted in reagent-grade benzene. Gasoline, cologne,
and diesel fuel samples were analyzed by direct injection of 0.5
to 1.0 pl amounts onto the column. Other samples chromato-
graphed were a 1% v/v each mixture of acetone and carbon
tetrachloride in water; and an 11% v/v each mixture of meth-
ylene chloride, n-C,, benzene, i-C,, toluene, n-C,, p-Xylene,
n-Cie, and n-C,;.

Table Il. Typical Gas Flows Supplied for
Each Mode of Detection

Mode Gaz 1 Gas 2
60 ml/min Ny

TID-1-N2 10 mli/min Nz
TID-1-air
TID-2-Ha/air

CFID 25 mi/min Hz

10 mi/min air 60 mUmin air

3 mb/min H; 60 mU/min air
200 mi/min air

ETID 20 mi/min Hz 200 mU'min air

Remote FID 20 mi/min H; 200 mi/min air

Applications®

Specially formulated test samples are often employed to
demonstrate the specificity and sensitivity of NP detectors. The
data in Figure 5 corresp: :d to such a test sample comprised
of 2.2 ng each of azobenzene (N) and methyl parathion (N,P),
4.4 ng of malathion (P), and 4400 ng of n-C,; in a solvent of
iso-octane. The data illustrate clearly the substantial differences
in response between two different modes of thermionic detec-
tion, and the very high specificity of the TID-1-N, mode for
sensing the NO. group in methyl parathion. The ionization
signals in both chromatograms are very large, indicating detec-
tivities in the pg and sub-pg range.

Figure 6 shows another comparison of the TID-1-N; mode
vs. the NP mode of detection for a sample consisting of 15 pg
amounts of the 2,4 and 2,6-isomers of dinitrotoluene in a
relatively jmpure, reagent grade benzene solvent. For many
nitro-compounds, the TID-1-N, mode provides substantial im-
provements in specificity and sensitivity in comparison to an
NP mode. However, the NP mode (i.e., TID-2-H,/air) provides
more universal detection for all N-compounds. In Figure 6, the
differing magnitudes of TID-1-N, signals for the two dinitro-
toluene isomers also demonstrate that the TID-1-N, signals are
very sensitive to the detailed electronegative character of the
sample’s molecular structure.

Figure 7 shows the differing responses of six modes of therm-
ionic detection in the analysis of base neutral compounds of
concern as water pollutants. The CFID provides universal
response to all compounds in this sample with a relatively uni-
form sensitivity of 0.01 coul/gC. The TID-1-N; mode of opera-

6 and 14.
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Figure 5. Chromatograms showing two modes of response to a test sample
containing a large conceniration of a hydrocarbon (C) and trace levels of
azobenzene (AZ0), methyl parathion (MP), and malathion (MAL). Both chro-
matograms were recorded at the same sensitivity of 128 x 10~ amps/mV.
Column: SP-2250, isothermal at 210°C.




tion provides very specific responses only to a nitro-compound
(2,6-dinitrotoluene) and a chlorinated compound (3,3 'dichioro-
benzidene). The lack of significant TID-1-N; response to nitro-
benzene, bis(2-chloroethylyether, bis(2-chloroisopropyljether,
or 4-bromophenyl-phenyl-ether demonstrates that the TID-1-N;
response depends on how the electronegative functionalities are
bound up in the molecular structure of the sample compound.
When the detector gas environment of the TID-1 source is
changed from N, to Q,, the TID-1-O. mode provides enhanced
relative responses to the chlorinated compounds and a diminished
relative response to the nitro-compound. The TID-1-O; mode
continues to provide good discrimination in favor of chlorinated
compounds with respect to hydrocarbons, while exhibiting some
low level responses to phthalate compounds. The TID-2-H,/air
mode responds to all the N-compounds, with some small inter-
ferences from chlorinated compounds. The FTLD-1 mode uses
a TID-1 source and provides responses to all the nitrogen and
halogen compounds in the sample. The FTID-2 mode uses a
TID-2 source which produces responses to the halogenated com-
pounds but suppressed responses to nitrogen compounds in
comparison to FTID-1. This set of six chromatograms provides
a good illustration of how the detector response can be varied
through simple changes in the composition of the detector gas
environment.

Figure 8 shows chromatograms of a sample mixture consisting
of 75 ng each of 2-chlorophenol, 2-nitrophenol, phenol, 2,4-di-
methlyphenol, and 2,4 dichlorophenol; 225 ng each of 2,4,6-tri-
chlorophenol, and 2,4-dinitrophenol; and 375 ng each of 4-
chloro-m-cresol, 4,6-dinitro-o-cresol, pentachlorophenol, and
4-nitrophenol. The CFID provides a relatively uniform response
of 0.004 coul/gC for all these compounds. (Note: The flame
tip orifice for these CFID data was 0.062 in. instead of 0.031
in., which is normally used. The smaller orifice usually provides
improved sensitivities of approximately 0.01 coul/gC.)

The CFID data provide a good illustration of a principal dif-
ference in the responses of a CFID vs. a conventional FID. It
is well known that conventional FIDs provide relatively uniform

TID-2-H,/AIR Tl D-I—Nz
_ 2,4
DINITROTOLUENES
1 X 4 X
10']2 2,8 w—]?

2,6
2.4

Figure 6. Chromatograms comparing the respanses of the TID-1-Nz mode and
the TID-2-Ha/air (NP) mode to traces of dinitrotoluenes. Column: SP-2100, 160°

to 200°C at 10°/min.
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response to many hydrocarbon compounds. However, when
heteroatoms, such as O, Cl, or P, are present in the sample com-
pounds, the FID response is frequently significantly lower than
its response to hydrocarbons. In contrast, the CFID appears
to yield more uniform response to all organic compounds ir-
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Figure 7. Chromatograms showing six different modes of detector response
{0 @ sample of base neutral compounds. In increasing order of retention time,
the components of the sample are bis{2-chloroethyl)ether: bis(2-chioroisopro-
pyl)ether: mitrabenzene; acenaphthylene; dimethyiphthaiate; 2.6-dinitrotoluene;
4-bromophenyl-phenyl ether: di-n-butylphthalate; bis(2-ethylhexyl)phthalate: 3.
3'-dichlarabenzidine; and benzo(d)fluoranthene. Coiumn: SP-2250; 100°C. held
for 4 min, then 100° to 270°C at 16%/min.
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Figure 8. Chromatograms showing different modes of detector response to phenol
sample containing 2-chiorophenol: 2-nitraphenal; phenol; 2.4-dimethyiphenal;
2.4-dichiorophenol; 2.4, 6-trichlorophenol; 4-chioro-m-cresal; 2, 4-dinitrophenol:
4.6-dinitro-o-cresol; pentachiorophenol; and 4-nitrophenal in order of increas-
ing retention time. Column: SP-1240, 100° to 210°C at 8%/min.

respective of whether they are hydrocarbon or heteroatom com-
pounds. This is the result of the additional ionization process
that occurs at the surface of the catalytic CFID source.

As anticipated, the TID-1-N; mode in Figure 8 provides high
specificity and sensitivity to certain nitro- and polychlorinated-
phenols. The responses to pentachlorophenol and 4-nitrophenol
are more than 100 times larger than the CFID responses to these
compounds. Comparing the responses of 4-nitrophenol and
2-nitrophenol again illustrates a significantly greater TID-1-N;
respense for the isomer with the nitro group located at the 4-
position in the molecule.

In the third chromatogram in Figure 8, the low work func-
tion thermionic source (TID-1) was operated in a detector gas
environment comprised of approximately equal flows of N; and
air. This illustrates that the composition of the gas environment
is an additional parameter which can be used to suppress the
response to certain compounds while enhancing the response
to others.

The bottom chromatogram in Figure 8 shows the analysis of
the phenol sample for the case where both detector gases 1 and
2 are air. Responses are now obtained for all the chlorinated
and nitro-phenols, with the dinitro-compounds continuing to
give the dominant responses. The responses to 2-nitrophenol
and 4-nitrophenol are now comparable, in contrast to the
TID-1-N, response in which there was significant preference for
the nitro group in the 4-location vs. the 2-location.

Figure 9 demonstrates the high specificity for lead alkyls in

GASOLINE

SHELL
REGULAR

128 x10°12

DI METHYLDIETHYL -

METHYLIRIETHYL —

TRIMETHYLETHYL -

TETRAETHYL—LEAD

TETRAMETHYL-

Iﬁ}

TEXACO
REGUL AR

256 x10°12

e AR e

SHELL SUPER UNLEADED

256 x 10=12

Figure 9. Chromategrams illustrating the specific detection of lead alkyls in
gasoline using the remote FID. Data correspond to samples randomly obtained
from local gasoline stations. Column: SP-2100, 50° to 230°C at 15°/min.
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gasoline provided by the remote FID mode of detection.
Previously, GC/atomic absorption spectroscopy (AAS) in-
strumentation has been described for the specific detection of
lead alkyls in gasoline or other samples (15). By comparison
with AAS, the remote FID provides excellent sensitivity and
specificity, and is considerably simpler and less expensive to
operate. The data shown in Figure 9 were obtained by direct
injections of 0.8-ul amounts of the gasolines onto a temperature-
programmed, packed column.

The remote FID mode of detection has some configuration
similarities to a hydrogen atmosphere flame ionization detec-
tor (HAFID), which has also been reported to provide specific
detection of lead alkyls in gasoline (16). Both the remote FID
and HAFID use a collector electrode well removed from the
flame jet structure. However, the signals in the remote FID are
largest with an oxygen-rich flame, whereas the HAFID requires
a hydrogen-rich atmosphere doped with silane.

Gasoline is a readily available, complex mixture of organic
compounds which is especially well suited to demonstrating the
different responses obtained in the family of thermionic detec-
tion modes. Figure 10 shows multiple modes of analysis of a
sample of regular gasoline. The chromatographic separation was
performed on a packed column to purposely create the demand-
ing situation in which many overlapping compounds are pre-
sent in the detector volume at the same time. This situation is
shown to be the case by the CFID response. When the same
gasoline sample is chromatographed using the remote FID
mode, selective responses are obtained only for the five lead
alkyls. The remote FID data in Figure 10 were obtained with
an FTID detector assembly and a TID-2 source mounted on
a Model 3700 GC (Varian). The detector conditions were H; =30,
air = 200 ml/min; zero heating current to the TID-2 source; and
flame ion-suppress voltage disconnected. The FTID-2 data in
Figure 10 correspond to the following changed detector condi-
tions; H; =30, air = 80 ml/min; source heating current=3.2 A;
and ion-suppress voltage on. This change in conditions produced
an FTID-2 response which was selective for the halogenated lead
scavengers, ethylene dichloride (EDC) and ethylene dibromide
(EDB). Figure 10 shows that selective responses to EDB and
tetraethyllead (TEL) are also obtained in the TID-1-air mode,
while the TID-1-N; mode provides responses to all the lead alkyls
and lead scavengers. Note the large TID-1-N; response to TEL
in comparison to tetramethyllead (TML), thereby illustrating
a greater electronegative character for the TEL molecular struc-
ture vs. TML. Note also that precombustion of all samples in
the flame of the remote FID mode provides a more uniform
response for all lead alkyls irrespective of their original
molecular structures.

Figure 11 illustrates six different detector responses in the
analysis of diesel fuel containing a trace nitro-compound addi-
tive. It is clear from the CFID chromatogram that there are
many unresolved component peaks in this packed column anali-
ysis. A primary objective of this particular set of analyses was
to define the besi method of measuring the amount of the nitro-
compound added to such samples. The TID-1-N: mode clearly
gives the best specificity and excellent sensitivity 10 the nitro-
additive. The other specific modes of detection illustrate selec-
tive enhancement of other segments of this complex sample in
addition to the nitro-additive. For example, the cluster of peaks
at late retention times in the TID-2-H,/air chromatogram un-
doubtedly corresponds to other N-compounds in the sample.
The two FTID-1 chromatograms illustrate that the H.-air mixture
ratio is a further means of significantly altering the FTID re-
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Figure 10. Chromatograms showing multiple modes of detector response 1o
a sample of regular leaded gasoline. Column and program same as in Figure 9.
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sponse. The mixture of 20 ml/min H,, 100 ml/min air represents
an oxygen-rich flame, while the mixture of 35 mi/min H,, 70
ml/min air is a hydrogen-rich flame. Generally, stoichiometric
or oxygen-rich flames are the most useful for the FTID.
Figurs 12 shows multiple mode analyses of a commercial
brand of cologne. These sets of chromatograms illustrate the
advantageous use of the specific detection modes to enhance
responses for trace fragrance components in colognes. The
TID-1-N, mode is especially useful because it is non-destructive.
Therefore, TID-1-N; emits exhaust gases that are characterized

by distinctly different fragrances that change with time as the
various segments of the chromatogram elute. For the cologne
shown, as well as for other brands that have been examined,
the set of chromatograms obtained from the different modes
of thermionic detection provide a characteristic fingerprint that
distinguishes one brand from another.

All the modes of detection described in this article measure
negative ionization currents. The magnitudes of these currents
are very dependent on the electronegative character of the
chemical species adjacent to the heated thermionic source.

FUEL

NITRO ADDITIVE[®] IN DIESEL

TI D‘-I-Nz

32 x 10711

S BN

TID**?"HZI'AIR

M

TID-1—-AIR

32 x 107!

Figure 11 Chromatograms showing different detector responses 10 a sample
of diesel fue! containing a trace nitro-compound additive identified by the astensk.
Column SP-2100. 90° to 270°C at 10%/min.
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Figure 12. Chromatograms showing multiple modes of detector response to
a brand of cologne randomly obtained. Calumn: 5P-2100. 100° to 270°C at

16°/min.
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Figure 13 illustrates how the response to a group of polychlor-
inated bipheny! (PCB) compounds changes with precombus-
tion of the compounds. The data obtained with a TID-2 source
in an air environment exhibit large differences in response be-
tween the different PCB compounds, similar to the known
characteristics of an ECD. The FTID-2 data show that the
precombustion of the PCBs yield negative ionization currents,
which are larger in magnitude as well as more uniform per Cl
atom. In this case of PCBs, precombustion improves the detect-
ability by producing chemical species more electronegative than
the original compounds. For other compound types, precom-
bustion sometimes causes the opposite effect of producing com-
bustion products which are not as electronegative as the original
compound.

The data in Figure 14 provide an illustration of the relative
electronegativity of phenol compounds before (TID-1-air) and
after (FTID-1) combustion. The FTID-1 mode of operation can

Figure 13. Chromatograms illustrating detector responses obtained before
(TID-2-a#r) and after (FTID-2) combustion of polychlorinated biphenyl compounds.
PCB peak identifications; 1=1000 ng 2-chiore-, 2=1000 ng 3,3"-dichioro-,
3=100 ng 2.4 5-richloro-, 4=100 ng 2,2*,4,4"tewrachloro-, 5=100ng 2.3'.4,5",
B-pentachloro-, =100 ng 2.2’ 3,3 6.,6"-hexachiorobiphenyl. Column: SP-2250,

200° to 270°C at 10%/min.
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be easily converted to the TID-1-air mode by simply turning
off the H; fuel to the FTID flame. Figure 14 shows that the
FTID-1 mode produces a much more uniform response for all
the chloro- and nitrophenols of this sample, but the absolute
magnitudes of FTID response for the dinitrophenopls, pen-
tachlorophenol, and 4-nitrophenol are substantially lower than
the TID-1-air response to these compounds.

Figure 15 illustrates the use of the TID-1-air mode to detect
EDB in food products. A simple headspace technique was used
for the data. One of the advantages of the TID-1-air mode is
that it is insensitive to the large air component in the injection
headspace vapors. Hence, all chromatographic peaks that are
obtained may be attributed to vapors emanating from the food
product itself. In addition to EDB, this cake mix sample pro-
vided other large TID-l1-air signals, thereby suggesting the
presence of other halogenated or electronegative constituents
that may be of interest in such products. With a better optimiza-
tion of GC column for the EDB separation, this simple tech-
nique should be capable of EDB detection in the 1 to 10 ppb
range of concentration in the food product.

Figure 16 illustrates that one difference between a CFID and
an FID is that the CFID will provide significant responses to
halogenated compounds. Figure 17 further shows that the CFID
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Figure 14. Chromatograms illustrating deteclor responses obtained before
(TID-1-air) and after (FTID-1) combustion of phenol compounds. Sample, col-
umn, and program were the same as in Figure 8.
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response to halogenated compounds can be selectively enhanced
by increasing the source heating current, while the CFID
responses to hydrocarbons remain unchanged. Consequently,
by judiciously adjusting the source heating current, the CFID
response to halogenated and some other heteroatom compounds
can be tuned to yield about the same response factor as obtained
for hydrocarbons.

Summary

The preceding data have demonstrated that thermionic ioniza-
tion techniques and equipment have applications in gas
chromatography that go well beyond the usual NP detection,
such as that of TID-2-H./air. To achieve the best possible signal-
to-noise ratio and specificity for each mode of detection, the
specific chemical composition of the thermionic emission source
needs to be matched with the temperature and gas phase en-
vironment in which the source is operated.

From their extensive use in NP detection, thermionic ioniza-
tion detectors are known to often exhibit decreasing sensitivity
with increasing operating time as a result of depletion of the
thermionic source activity. Consequently, the thermionic source
usually needs to be replaced at periodic intervals. Of the dif-
ferent modes of detection described in this report, the NP mode
is the most demanding with regard to the operating life of the
thermionic source. Generally, in modes of detection (e.g.,
TID-1-N,) where the operating temperature is lower and the gas
environment is less reactive, the thermionic sources maintain
their responses over longer periods of time. For all modes of
detection, a practical guideline for achieving the longest possi-
ble source lifetime is to operate the thermionic source just hot
enough to achieve the response required.
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Fiqure 15. Exampie of TID-1-air appiication to determine EDB in cake mix, Sample:
headspace vapors from 0.7 gm Duncan Hines Deluxe Yellow Cake Mix in a sealed
2-mi vial. Sampling procedure: heat sealed sample vial to 120°C. extract 200
ul headspace vapor with gas-tight syringe: inject into GC and start column oven
temperature program. Column: SP-2100, 40° to 110°C at 10°/min.

The developments of thermionic techniques in GC have also
spawned applications of the technology in liquid chromatog-
raphy detection (17), thin layer chromatography (18), and mass
spectrometry ion sources (19). Since there remain (o be studied
many different combinations of thermionic source composi-
tions, thermionic source temperatures, and gas environment
compositions, it is probable that the technology will continue
to evolve in coming years.
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Figure 16. Comparison of CFID and FID responses to a water sample contain-
ing acetone and carbon tetrachlonde. Column: Chromosorb 102, isothermal
120°C.
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Figure 17. Comparison of CFID responses to sample of methylene chlonde and
vanous hydrocarbons at two different magnitudes of heatirlg current to the
cataiytic source. Column: SP-2100, 40° to 180°C at 10°/min.
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DETECTORS
Photo lonization Detector - PID

H H
T Overview
G—0
 docad \\\\C—H The Photo lonization Detector (PID) responds to all molecules whose ionization
N 7 potential is below 10.6¢V, including aromatics and molecules with carbon double
C—C, bonds. The PID is nondestructive, so the sample can be routed through the PID
H/ \H and on to other detsctors. It is often used in series with the FID and/ or DELCD.
- PID detection limits for aromatics are in the ppb range; purge and trap concentration
of the sample can lower detection limits to the pptrange. Because ofits selective

sensitivity, use of the PID is mandated in several EPA methods. The PID detector consists of a 10.6 electron
volt (eV) UV lamp mounted on a thermostatted, low-volume (100uL), flow-through cell. The temperatureis
adjustable from ambient to 250°C. Three detector gain levels (LOW, MEDIUM and HIGH) are provided for
a wide range of sample concentrations. The PID lampis held in place by a spring-loaded plate, so that the
lamp may be quickly removed for cleaning and replaced without any special tools. The PID canrun on air
carrier for gasless operation, or for stream monitoring applications where the entire stream of sample is directed

through the detector (no column is used).
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DETECTORS

10.6eV PID Lamp
(SRI Part # 8670-1242)

Photo Ionization Detector - PID

Theory of Operation

The SRI PID design uses a 10.6eV lamp
with 2 high voltage power supply. Samplel
carrier gas flows from the analytical column into
the PID sample inlet, whers it is streamed
through a 100uL flow-through cell. When
sampie molecules flow into the cell, they are
bombarded by the UV light beam. Molecules
with an ionization potential lower than 10.6eV
release an ion when struck by the uliraviolet
photons. These ions are attracted to 2 collector
electrode, then sent to the amplifier to produce
an analog signal, which is acquired by the
PeakSimple data system.

Unlike other PID designs that heat the entire
Jamp, only the lamp window of the SRIPID is
heated. Thisresults in a longer lamp life for
SRI PID detectors.

Simplified PID Operaticonal Diagram
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DETECTORS
Photo lonizaticn Detector - PiD
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DETECTORS
Photo lonization Detector - PiD

General Operating Procedure

The capillary column enters the PID cell from inside the column oven through the bulkhead fitting in the
insulated oven wall. The column may be installed with the lamp in place. Insert the capillary column info the
PID detector inlet until the column stops at the lamp window inside the PID cell, then pull itback about imm
from the lamp window. Tighten the 1/8” nut with the graphite ferrule at the PID mlet to secure the column in
place. Thecoliector electrode is positioned at the factory and should not touch the column under normal

circumstances.

i. Always ensure that the black plastic hood is in place on the lamp prior to operating the PID detector, The
hood contains the high voltage band which is maintained ata high potential; never atiemptto adjust the PID
high voltage band unless the main GC power is turned off.

5 TurnON the GC. Turn ON the PID lamp current The violet light is visibie here when the lampis on

with the flip switch on the GC’s front control panel.

3. Set the PID current to 70 (= 0.70ma) with the
trimpot setpoint on the top edge of the GC’s front
control panel. Use the flat blade screwdriver
provided with your GC to adjust the trimpot. The
lamp should emit a violet-colored fight visible down
the center of the tube

BETESTLE -

PID -éiase-uptcpview -

|

4. Confirm that the lamp is operating at or near

0.70ma by pressing the PID detector ACTUAL

display button on the front control panel. The sensitivity of the lamp increases proportionally to the current
applied, but operation at higher currents reduces lamp life. The PID operating current range is 70-125. A
setting of 70 should provide the user with sufficient sensitivity and lamp durability. Most PID applications can
be performed using LOW gain.

5. Set the PID temperature to 150°C.

6. Once the detector has reached temperature and the signal appears stable, sample may be introduced.

NOTE: Lamps are & consumable part of the PID detector. It isrecommended to have a spare lamp available
ifcritical enalyses are being performed at remote field sites. Spare and replacement 10.6eV PID lamps are
available under SRI part number 8670-1242. Teflon seals arc available under SRI part number 8670-1244.



DETECTORS
Photo lonization Detector - PID

Troubleshooting and Maintenance
Cleaning the PID Lamp

The PiD lamp window
Over time, during normal operation, 2 film of contaminants will condense on the
PID lamp window. Typically, this film is a result of stationary phase column bleed. To
minimize contaminant condensation and thus lamp window cleaning, avoid heating the
column any higher than absoluiely necessary. Contaminant condensation can block
the photons, reducing lamp emissions and sensitivity. Therefore, the PID lamp window
must be cleaned when an apprecizble change in sensitivity has been observed by the
operator. Because the response change resulting from cleaning the lamp window

usually requires detector recalibration, frequent cleaning is not recommended,

1. Tumn the PID current OFF with the switch on the GC’s front control panel. Turn the GC OFF and let the
PID detector assembly cool enough to touch it without getting bumed.

2. Disconnect the high-voltage band from the lamp anode by removing
the black piastic hood.

3. Grasp the spring-loaded retainer plate with the fingers of one hand
and push or pull it toward the PID lamp; it deoesn’t take much force to
move the plate enough for lamp removal. Slide the PID lamp up and out
of the PID detector assembly.

4. Clean the lamp window using a mild abrasive cleanser like Bon Ami
or Comet. Wet your finger, and make a paste with a small amount of
cleanser. Scrub the lamp window clean in a circular motion with your finger.

5. Rinse the lamp window clean with water. Dry the famp with a paper towel.

The collector electrode
protrudes into the cell

6. Inspect the Teflon™ seal for cuts or nicks. A damaged seal will not affectthe
PID response, but it may provide a leak site that will reduce the amount of
sample delivered to any subsequent detector.

7. With the lamp removed, the collector electrode is visible where it protrudes
into the cell. Check the collector elecirode for any visible residues, films,
discolorations, etc. Ifpresent, they may impede the flow ofions from the sample :
molecules to the collector electrode. To clean the collector electroce, gently use Teflon™ seal
a small file to remove any residues from its tip. Blow theresidue
off the collector electrode and surrounding areas.

Make sure the lemp window is centered
~overthe Teflon seal and snug againstit

8. Open the spring-loaded retainer plate and replace the PID
lamp snug zgainst the seal. The lamp window has a shightly larger
diameter than the seal; try to center it against the seal. Replace
the high voltage band / black plastic lamp hood.

9. Recalibrate the PID detector before returning it to service.



DETECTORS
Eéecﬁmn Cap’mre Deﬁecmr - ECD

OVERV!EW

The Electron Capture Detector (ECD) is selective to electronegative compounds, especially chlorinated,
fluorinated, or brominated molecules. Itis sensitive to some of these compounds in the parts per trillion (ppt)
range. The ECD detector requires nitrogen or argon/ 5% methane (P5) to operate. The ECD detector is
mounted immediately adjacent to the right rear column oven wall on your SREGC chassis. Two BNC cables
connect the anode and cathode, respectively, to the ECD amplifier. The ECD detector consists of a stainless
steel cylinder containing 5 millicuries of radioactive Nickel 63 in an oven enclosure that is thermostatically
controllable from ambient temperature to 375°C. Since the detector contains only S millicuries of Nickel-63,
the ECD is covered by a “General License” requiring a periodic wipe test and the filing of & form with your
state’s Department of Health. The documentation necessary to authorize your possession of a radioactvie
source is inchuded in the ECD manual from Valeo, the manufacturers. This documentation transfers possession
of the ECD directly to you from Valco; SRI provides the ECD installation service and the GC. There are four
important documents to look for: 1) Certification of Sealed Source, 2) Conditions for Acceptance of a Generally
Licensed Device, 3) Test Specifications, and 4) Record of Source
Transfer. Valco may print your address on the multiple copies of
the Record of Source Transfer, which are to be completed by

you and filed with the appropriate state and local authonties.
The other documents remain with the ECD detector, and
are necessary ic prove avthorized possession of the ECD.

Parts kit
containing
test resistor

/ 4 e
Itis imperative to w0t e
complete the Record of T T
Source Transfer and forward itio \; AR e e e
nmpcr authorities, and to familiarize AR R e
L] e Resmoye WA
ourseif with the requirements of your 1= —
[Py Your name & |

‘ yo
%G neral License. You mustalsokeep | - :
a address here!

on file the Cerification of Sealed f, '

Source and Test Specifications, f

which are proofthatyour /.
ECD detector meets

regulations. FAe dee i
Close-up view of the ECDdetector S SR Tt
onan SRIGC
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DETECTORS
Electron Capture Detector - ECD

Theory of Operation

The radicactive Nickel 63 sealed inside the ECD detector emits electrons (beta particles) which collide
with and ionize the make-up gas molecules (either nitrogen or P3). This reaction forms a stable cloud of free
electrons in the ECD detector cell. The ECD electronics work to maintain a constant current equal to the
standing current through the electron cloud by applying a periodic pulse to the anode and cathode. The
standing current value is selected by the operator; the standing current value sets the pulse raie through the
ECD cell. A standing current value of 300 meaas that the detector electronics will maintain 2 constant current
of 0.3 nanoamperes through the ECD cell by periodically pulsing. If the current drops below the set standing
current value, the number of pulses per second increases to maintain the standing current.

ECD Detector Operational Diagram

Sample-iaden
cariergas Makeupgas Standing
inlet iniet . current (equa}
! i 1 and opposite fo
.—-——--1. —_—
w ¢’ . ! B the cell current)
t p - ECD csli i
Electrondoud | ¢ miarmpeen Ty l I
\..-f ANODE 3 - @ >——<s
; ol ~ |
Nickel 83 foll integrating amplifier
—§ CATHODE 1.
-__..._-:.‘.‘..'.::.:::'.f::.-_-..'_f.:....k.._......f —> (Gas cutlet
| [ Voltage-controlied
# | variable frequency &——
I_.__,%, Frequency / voiiage Anaiog voltage output] | et
e PN > to PeakSimple data
system |
When electronegative compounds enter the ECD
cell from the column, they immediately combine with Exampie Puise Trains
some of the fres electrons, temporarily reducing the _ :
number remaining in the electron cloud. When the : i
electron population is decreased, the puise rate is sAn Bl P |

Detecior electronics pulse to maintain the
standing current

— ——

increased to mainiain a constant current equal to the
standing current. The pulse rate is converted to an
analog output, which is acquired by the PeakSimple
data system. Unlike other detectors which measure an L i
increase in signal response, the ECD detector electronics The pulse rate is increased in the prasence of
measure the pulse rate needed to maintain the standing slecirenegative compounds

current.

—
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l
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Electron Capture Detector - ECD

ECD Neoise Run
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DETECTORS
Electron Capture Detector - ECD

. General Operating Procedure

The following suggestions are specific to your SRI ECD-equipped GC. Consult the Vaico ECD detector
manual for carrier gas purity requirements, carrier gas sysiem configuration, and other general ECD detector
information. Keep in mind that the electronics shematics in the Valco manual do not apply to your ECD-

equipped SRI GC.

i s s = 1 { DETECTOR . !
i. Cap offthe carrier inlet to the ECD cell (in the column oven). | PARAMETERS |
f y ‘s & 3 & © 8 @
2. Connect the makeup gas and let it flow through and purge the ECD cell. ©c o006 0 0 @
Makeup flow is 40-100mL; typically 60mL. e & 8 3 ® 8 O
s . , : = 3 @ 5 o & 0 B8
3. Heat the ECD detector to 150°C to verify that the baseline noise and offset CiE e e
arenormal. 150°C is hot enough to evaporate off water but low enough to avoid Re e
oxidation of the nickel foil which can occur at high temperatures in the presence ¢ 4.8 1oy L
of oxygen. Once you have verified the ECD’s operation at this temperature, you el | £
may heat it to higher iemperatures. e l ~
!mwnm# ) on [fow
4. Turn on the ECD standing current (the ECD current ON / OFF switch is %%"‘""ﬁ" ' : 8 : g
focated on the front contrel panel of the GC, under “DETECTOR s
ey ia ; . . ECD standing current
PARAMETERS™). Asa ruleofthumb, an ECD detector requires encughnitrogen ONJOEF switch

makeup flow (40-100mL/min) to significantly dilute the carrier in order i help
keep detector noise down; the ECD can tolerate a 6:1 ratio of nitrogen to helium.
With the carrier and makeup gas connected and flowing, check the
offset from zero. The millivoltreading should be between 100 and

INJECTOR-DETECTOR-COLUMN OVEN
' 500mV. Ifthe signal offset is less than 100mV. the standing cusrent

TEMPERATURES

s © g S o P O 4 . L4 i ; 5 . . . .
o sie sieieim Biaie N needs to be increased. Ifthe signal offset is higher than 500mV, the
o o e o s = wlale o standing current needs to be decreased. Once the signal is relatively
e g B e e quiet and stable, set the temperature to whatever is appropriate for
e g et o »g your analysis by adjusting the trimpot setpoint with the flat blade
ToboE s aeis PN screwdriver provided.
. £ 1 ( 5. When the ECD detector cell reaches temperature, let the system

stand until you get a stablemilliVolt reading. Once the system exhibits
4 stable baseline, reconnect the column. Observe the signal in the
presence of the carrier flow. Ifitis significantly bigher, it indicates
contamination introduced on the carrier flow. Ifthe milliVolt reading is still relatively stable in the presence of
carrier flow, then sample may be injected. Avoid samples with high concenirations of electronegative
compounds; they may effect ECD operation for some time thereafter, as they could take toc long to dissipate.

ECD cell temperature display

6. You may need to adjust the ECD standing current using its frimpot setpoint. The trimpot setpoints are
located on the top edge of the front contro] panel, directly above the display push-buttons for each controlled
zone. Remember, increasing the standing current increases the ECD’s sensitivity and raises the baseline offset.
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Electron Capture Detector - ECD

ECD Troubleshooting

If you are experiencing baseline offset and noise problems withyour ECD detector, try the following two
diagnostic tests:

1. Verify that the ECD amplifier electronics are working properly by removing the detector from the circuit and
inserting a 1000MOhm test resistor in its place. The parts kit in the tackle box included with your GC under
the red lid contains a 1000MOhm resistor for this test. Turn the ECD current off. The anode and catbode
connections are BNC connectors located on the GC chassis near the base of the ECD detector housing.
Disconnect these two BNC connectors from the detector electronics, and install the i 00MOhm test resistor
as 2 jumper between the center conductor in the anode BNC jack and the center conductor in the cathode
BNC jack. Zero the data system signal. Turn the ECD current back on, and check the signal offset (observe
the mV reading in the upperright area of the PeakSimple chromatogram window. With the testresistor in the
detector’s place, the signal offset should be 120-150mV with the standing current at 300. Ifthe signal oifset
is pegged up r down (5000mV or 1500mV, respectively), there is a problem with your ECD detector
electronics. Try turning off the GC power for at least 30 seconds, with the test resistor siill in place, then turning
it back on to see if the signal offset still indicates a problem. Ifthe signal offset is at zero with the test resistor
in place, check to make sure that you are Jooking at the correct detector channel. If you are observing a signal
offset of zero in the ECD detector channel, call technical support.

The ECD anode and cathode

are connected to the ECD ECD slectronics test

amplifier via BNC cables Anode and cathode
: o BNC conneciors

"

eIy

HAHNTARY
(o

Ry

2. Operate the ECD on make-up gas only by disconnecting the column from the ECD. With the standing
current still set 2t 300, observe the signal offset and noise. Ifit drops, then the problem is being introduced into
the GC and ECD by the carrier gas through the columnx.

Tip: In most situations, the ECD will be used o defect sample components that are reactive with metal. Use
glass, fused silica, or fused silica lined metal capillary columns to help avoid reactive sites and ghost peaks.
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DETECTORS

lectrolytic Conductivity Detector - DELCD

Dry E

Overview

The Dry Electrolytic Conductivity detector, or DELCD, is selective
to chlorinated and brominated molecules. It differs from the traditional
wet ELCD in that it does not use a solvent electrolyte, and the reaction
products are detected in the gaseous phase. The SRIDELCD is available
alone or in combination with the FID detector. On its own, the detection
limits of the DELCD are in the low ppb range. In combination with the
FID, its detection limits are in the low ppm range. The FID/DELCD
combination enables the operator to reliably identify hydrocarbon peaks
detected by the FID as halogenated or not. Because the DELCD operates
at 1000°C, it can tolerate the water-saturated FID effluent, measuring the
chlorine and bromine content simultaneously with the FID measurement
of the hydrocarbon content. All hydrocarbons are converted by the FID
flame to CO, and 5,0 prior to reaching the DELCD, thus preventing
contamination of the DELCD by large hydrocarbon peaks.

FID | DELCD Combgo Detector

FID DELCD
i i 1
FID collector
electrode .
FID flameport i DELCD reaction

assembly "ﬁé‘” “, chamber insulation

FID heater . Platinum
block wires (3)
_ DELCD
R e collector
FID ignitor < asser‘;bly
terminal
"> FID collector
4= terminal and
gain swiich
Hydrogen
Sjpp,}, DELCD collector
sl & thermocouple
Al il FiDignitor/ DELCD collector ;. 4q
IrsUpPY  gpEICD & thermocouple
heater terminal and
terminal gain switch
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DETECTORS

Theory of Operation

The DELCD consists of a small ceramic tube—
the DELCD reactor—heated to 1000°C. Inside the
reactor, a platinum thermocouple measures the
detector temperature, and a nichrome collector
electrode measures the conductivity of the gases
flowing through the DELCD. The detector response
is dependent upon its temperature. Therefore, the
control circuit rust maintain the temperature, within a
fraction of a degree, at 1000°C.

When combined with the FID detector, the
DELCD is mounted on the FID exhaust. Column
effluent enters the FID flame where hydrocarbons are
ionized and combusted. Electrons freed in the
ionization process are collected by the FID collector
electrode, which has an internal diameter of Imm
{0.040™). Due to its small LD., the collector electrode
acts as arestrictor, splitting the FID exhaust gases 5o
that it takes about half of the flow, and the remainder
is directed to the DELCD. The FID exhaust gases
consist of un-combusted hydrogen and oxygen,
nitrogen, and water and carbon dioxide from the
combustion of hydrocarbons. The reaction of chlorine

Dry Electrolytic Conductivity Detector - DELCD

or bromine and hydrogen forms HCl and HBr, and
the reaction of chlorine or bromine and oxygen forms
C1O, and BrO,,. The DELCD detects the oxidized
species of chlorine and bromine, such as C1O, and
BrO,. Itdoes not detect the acids HCI or HBr like
the conventional wet ELCD. In the hydrogen rich
effluent from the FID flame, the chlorine and bromine
preferentially react with hydrogen (or the hydrogen in
water) to make HCI-HBr. Given equal availability of
hydrogen and oxygen molecules, 2 chlorine atom is
100 times more likely to react with the hydrogen than
the oxygen. Therefore, the FID/DELCD combination
is 100 times less sensitive than the DELCD operated
with the FID off. The SRI FID/DELCD is operable
as 2 combination detector, as an FID only, oras a
DELCD only.

A DELCD only detector receives the sample laden
carrier gas directly from the column or from 2 non-
destructive detector outlet, like the PID. Itis mounted
on the heater block on the column oven wall so that
the column effluent is maintained at a temperature
consistent with the analysis. This type ofhigh sensitivity
DELCD uses helium or nitrogen carrier gas and air
make-up gas.

FID collector
elecirode

FID/DELCD
Combination
Detector

FID amplifier
lead

Column

DELCD ceramic

elecirode probe

DELCD
thermecoupie /
cathade DELCD

heater
Exhaust

Platinum
thermo-

couple
and
coliector
wires
Collector
assembly
tferminal

DELCD insulation

DELCD coliector, thermmocouple,
and hester filament leads
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Expecfed Performance

DETECTORS

DELCD Noise Run

T & EBE 1 2 34%
- p i Column: 15m MXT-VOL
R Carrier: helium @ 10mL/min
DELCD gain: LOW
DELCD heater block temp: 150°C
DELCD reactor setpoint: 280

| Temperature program:

peak to peak

DELCD Noise averages less than 100uV from

Final
80°C

! Iniial Hold Ramp
8rCc 2000 0.00

-.00T

afefel
13008

FED / DELCD Combo Test Run B

Sampie: 1uL 100ppm BTEX Pius
Column: 15m MXT-VOL
Carrier: helium @ 10mbL/min

Temperature program:

Initial Hold Ramp Final
40°C 2.00 1500 240°C
DELCD gain: LOW

DEL CD hester block temp: 150°C
DELCD reactor setpaoint: 260

DELGD Results:

Component Retention Area

TCE 3.483 463.5080

PCE 5.418 5322900

Bromoform  7.018 758.8650
Total 1755.4630

FID gain: HIGH

FID temp: 150°C

FiD ignitor: -400

FID Resulis:

Component  Retention Area

Solvent 0.600 144406.8420

Benzene 2850 1074.0740

TCE 3.500 378.3505

Toluene 4,766 1109.8580

PCE 5.416 364.5700

Ethyl Benzene 6.316 1103.6370

Ortho Xyiene 6800 1135.6855

Bromoform 7.016 220.3325

Total 149793.3505
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DETECTORS
Dry Electrolytic Conductivity Detector - DELCD

General Operating Procedure
The FID/DELCD combination detector can be operated in the Combo Mode, the High Sensitivity

Mode (DELCD 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, while the DELCD signal is on channel 2 or 3. Each detector
amplifier is factory labeled with the data channel to which it is connected. The DELCD response in this mode
is useable from 1 to 1000 nanograms with a slightly quadratic calibration curve. EPA and other regulations
allow the use of detectors with non-linear response if the operator calibrates with sufficient data points to
accurately model the detector response curve. Therefore, the DELCD may require a 6 point calibration where
5 point calibration is normally required.

1. Set the hydrogen and air flows for normal FID operation: set the hydrogen flow to 25mL/min and the air
flow to 250mL/min. The pressure required for each flow is printed on the right hand side of the GC chassis.
(NOTE: Ifyou’re using a built-in air compressor, low levels of halogenated compounds in ambient air—even
levels below 1ppm—can cause the DELCD to lose sensitivity, and fluctuations in the level of organics in
ambient air may cause additional baseline noise. To avoid this, use clean, dry tank air.)

2. Set the DELCD temperature setpoint to 260 by adjusting the appropriate trimpot on the top edge of the
GC’s front control panel. The number 260 represents 1000°C; the DELCD will heat to about 254 and

stabilize. The end of the ceramic tube will glow bright red due to the high temperature.

3. In this mode, the FID amplifier is normally operated on HIGH gain or, if the peaks are more than 20
seconds wide at the base, on HIGH FILTERED gain for a more quiet baseline.

4. The DELCD amplifier is normally operated on LOW gain.

High Sensitivity Mode

The DELCD can be operated alone in the high sensitivity mode by eliminating hydrogen. With hydrogen
eliminated, oxygen in the air will react with the chlorinated and brominated moleculesat 1000°C to form CIO,
and BrO,,, which are detected by the DELCD. Water must also be eliminated; at the high temperatures inside
the DELCD, hydrogen disassociates from the H,O molecule and becomes available as areactant to form HCI
and HBr, which the DELCD will not detect. The DELCD response curve is quadratic in the high sensitivity
mode as in the FID/DELCD combo mode, but sensitivity is increased by 100 to 1000 times. In this mode, the
DELCD can perform much like an ECD, except that the DELCD is more selective for halogens and blind to
oxygen. When possible, quantitate by the internal standard method, using a chlorinated/brominated compound
for the internal standard peak. Although the DELCD will not be damaged by large quantities of ¢ hlorine/
bromine, there is a short term loss of sensitivity for about an hour following the injection of 1pL of pure
methylene chloride, for example.
1. Remove the hydrogen supply by turning it OFF, then disconnecting it at the GC’s inlet bulkhead on the left
hand side of the instrurnent.

2. Reduce the air flow to the DELCD to 25mL/min by turning the the air pressure trimpot setpoint down to 1
or2psi. An additional 24” restrictor made of 0.001” L.D. tubing would be useful for fine pressure adjustment.

3. Ifyou’re using a capillary column, push the column through the FID jet until it just enters the ceramic tubing
of the DELCD. This will improve peak shape as the column effluent will be discharged into the flowing
airstream and immediately swept into the DELCD detector volume by the air make-up gas. (When switching
back to the FID/DELCD combo mode, remember to pull the column back into the FID jet.)

4. The FID collector electrode allows some gas to escape from the FID combustion area, which is undesirable
for the high sensitivity mode. Remove the FID collector electrode and replace it with a 1/4” cap fitting.
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Dry Electrolytic Conductivity Detector - DELCD
TS #

General Operating Procedure continued

FID/DELCD - FID Only

1. Remove the DELCD heater wires from the push terminals. Remove the three DELCD collector and
thermocouple wires (yellow, white and red) from the scew terminals.

2. Disconnect the DELCD detector assembly from the FID exhaust by using a wrench to loosen the 1/4”
Swagelok fitting securing the two detector parts together.

3. Use a cap nut to seal the DELCD connection on the FID flameport.

4. Set the FID amplifier gain switch to HIGH for most hydrocarbon applications. If peaks of interest go off the
scale (greater than 5000mV), set the gain to MEDIUM. When peaks of interest are 20 seconds wide or more
at the base and extra noise immunity is desired, set the gain switch to HIGH (filtered). This setting broadens

the peaks slightly.

5. Set the FID hydrogen flow to 25mL/min, and the FID air supply flow to 250mL/min. The approximate
pressures required are printed in the gas flow chart on the right-hand side of the GC.

6. Ignite the FID by holding up the ignitor switch for a couple of seconds until you hear a small POP. The
ignitor switch is located on the front panel of your SR1 GC under the “DETECTOR PARAMETERS” heading

(it s labelled vertically: “FLAME IGNITE”).

7. Verify that the FID flame is lit by holding the shiny side of a chromed wrench directly in front of the collector
outlet. If condensation becomes visible on the wrench surface, the flame is lit.

DELCD Only
1. Set the helium carrier gas flow to 10mL/min and the air make-up flow to 25mL/min. Clean, dry tank air
helps to obtain the best achievable DELCD sensitivity and signal stability.

2. Setthe DELCD reactor temperature setpoint to 260 (= 1000°C) by adjusting the trimpot on the top edge
of the GC’s front control panel. The DELCD will heat to about 254 and stabilize. The ceramic tube will glow

bright red from the heat.

3. By adjusting the appropriate trimpot, set the thermostatted DELCD heater block temperature to 25°C
higher than the “Final” lemperature you have cntered in the temperaturc program.

4. The DELCD amplifier is normally operated on LOW or MEDIUM gain.
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Dry Electrolytic Conductivity Detector - DELCD

Troubleshooting and Maintenance

Installing the Spare DELCD Cell

Each SRI DELCD detector is shipped with a spare DELCD cell. Because the DELCD heater operates
close to 1000°C, it will burn out and fail eventually. Follow the instructions below to remove the old cell and

install the new one.

1. With the GC power OFF, remove the DELCD heater wires (2) from the push terminals and the DELCD

thermocouple and collector wires (3) from the screw terminals.

2. Remove the DELCD cell by using a wrench to loosen the 1/4” fitting that secures it on the FID exhaust port
or on the heater block. You may have to hold the insulation aside to freely access the fitting; it is soft and may

be compressed by hand.

3. Position the new cell on the fitting with the label facing up, as the DELCDs are shown on the Overview
page. Be sure to push the DELCD cell all the way into the FID.

4. Secure the new DELCD cell into place by tightening with a wrench the fitting that holds it onto the FID
exhaust or the heater block.

5. Carefully lower the red lid to make sure that it does not touch the DELCD cell; the cell will crack if the 1id
hits it. There should be at least 0.5 of clearance between the red lid and the edge of the DELCD cell.

6. Sensitivity may improve for the first 24 hours of operating time with the new cell installed.



