PeakSimple 2000

Chromatography Integration Software

Basic Tutorial
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Installing PeakSimple 2000 from floppy disk
or CD-Rom

A. Start the Windows operating system in use on
your computer. (Windows 95, 98, ME, 2000)

B. Insert the PeakSimple 2000 disk or CD into your
floppy disk drive.

C. Go to the Start menu in the bottom left hand cor-
ner of the windows screen and select Run from
the set of icons.

D. From the run menu, type X:\setup (where X is the
letter of your computers disk drive).

E. Now click on the Continue button with your
mouse cursor or press the enter key on your key-
board to begin installation.

F. To complete installation follow the onscreen in-
structions provided by the installation wizard.

Installing PeakSimple 2000 from software
download

A. Start the Windows operating system and use an
online browser to access www.srigc.com.

B. From the menu on the left hand side of the screen
select Download our Software and then download
PeakSimple 2000 from the following page.

C. Save the file to a temporary folder and then double
click on it from My Computer to allow the program to
self-extract.

D. Once all the files have been extracted successfully
double-click the install file and press the Continue
button when prompted.

E. Follow the onscreen instructions to complete the in-
stallation of PeakSimple.




Launching PeakSimple 2000

1. Click on the windows Start button in the bot-
tom left-hand corner of the screen. Select
Programs and then PeakSimple from the list
of program groups on the screen and then
click on PeakSimple.

2. This will launch PeakSimple and initialize the
data acquisition system.

3. If PeakSimple comes up with an error mes-

sage stating “Acquisition system is not func-
tioning” with a countdown timer, it is indicating
that there is a communication problem be- Acquizition system is not functioning
tween the computer and the data system or 5

that the data system and the hardware is not
connected. Click OK to continue working with
PeakSimple.

4. Most of the commands and options in Peak-
Simple are equipped with tool tips that will
automatically pop up to display useful infor-
mation when the mouse cursor is held over a
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command. To turn off the tool tips deselect
the tool tips option in the Help menu.

Opening a PeakSimple Data File

1. To open a PeakSimple data file or chroma- Pl
togram, begin by selecting File in the Peak-
Simple menu bar and then choose Open...
from the set of options.

Lijale:

2. The Load Chromatogram File window is now
open. The PeakSimple software includes a -
number of sample chromatogram data files 1101 chsneraem i =
that can be opened, displayed, and manipu- B | o=
lated. One file, 602.CHR, will be used
throughout the rest of the tutorial. Select file
602.CHR from the PeakSimple directory,
choose Channel 1 as a destination channel,
and then select Open to load the file. Flapeme: i [ Lo |
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Adjusting Display Limits

1. To adjust the display limits of a chromatogram
click on either the + magnifying glass icon or
the - magnifying glass icon to the left of the
chromatogram. This will increase or decrease
the limits by a factor of two each time you
click on the icons.

2. After opening chromatogram 602.CHR, prac-
tice making the display limits smaller but the
peaks larger by clicking the + magnifying
glass icon.

3. Practice making the display limits larger but

the peaks smaller by clicking on the - magnify-

ing glass icon.

Zooming

1. To zoom in on a specific part of a PeakSimple
chromatogram, click and hold the left mouse
button and drag it over the desired area.

2. After opening chromatogram 602.CHR hold
the left mouse button and drag it over the
base of the toluene peak. Let go of the mouse
button and there will be a larger view of the
area that was selected.

3. To return to the original display limits of the
chromatogram and unzoom the area selected
press F6 or select the unzoom icon located in
the PeakSimple toolbar at the top of the
screen.
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Dragging Retention Windows

1.

To drag a retention window bar place the
mouse cursor on the bar until a double sided
arrow pops up. Click on the left mouse button
and hold and then drag the retention window
bar to its desired place.

After opening the chromatogram 602.CHR
zoom in on the benzene peak and the smaller
peak to its left. Locate the benzene retention
window bar and drag it over to the smaller un-
named peak to the left of the benzene. Be-
cause this is a small peak it is not immediately
recognized.

Right click on the chromatogram over the un-
named peak and select Integration from the
resulting menu.

From the integration window locate the Area
Reject dialogue box, erase the 100.0 in the
box, and add the number 10.0 to the dialogue
box. Click OK and the integration window will
exit.

Press the Enter or Return key on your key-
board and the smaller peak will now be recog-
nized as Benzene.
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Manual Integration

1.

To manually adjust the integration baseline
and peak separation in a chromatogram use
the manual integration toolbar provided by
PeakSimple. To open up the manual integra-
tion toolbar select Edit in the PeakSimple
menu bar and then click on the Manual Inte-
gration option. The manual integration toolbar
will now appear to the left of the chromato-
graph.

The manual integration toolbar contains nine
types of manual integration options. Four of
the most commonly used options are None
integration, Drop integration, Based integra-
tion, and Rubber Band integration.

To make a baseline ignore a peak use the
None integration tool. After opening chroma-
togram 602.CHR and the manual integration
toolbar, zoom in on the baseline of the solvent
peak and the smaller unrecognized peak im-
mediately to its right. Click on the None inte-
gration tool in the manual integration toolbar
with the mouse cursor and then click on the
valley between the two peaks where they
meet the baseline. The area of the small
peak is now added to the solvent peak.

To undo the changes made to a chroma-
togram at any time simply click on the Undo
integration tool in the manual integration tool-
bar. After selecting this tool all integration
changes made to the chromatogram will be
undone.

Click on the Undo tool with your mouse cur-
sor and select the Drop integration tool to en-
able the dropping of the baseline below the
between the two peaks. After selecting the
Drop tool click where the valley of the peaks
meet the baseline with the cursor. The base-
line should now be dropped below the base of
the peaks and a line should extend from it to
the baseline.
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6. After the manual integration between the two

peaks is dropped use the Based integration
tool to raise the baseline to the valley between
the peaks. Once the Based integration tool is
selected, click on the valley between the sol-
vent peak and the smaller peak to its right
with the mouse cursor. The baseline will now
extend up to meet the valley of the two peaks.

. Once again click on the Undo tool in the man-
ual integration toolbar to remove all changes
done to the chromatogram. Select the Rubber
Band integration tool to manually draw a
baseline. Once the Rubber Band tool is se-
lected take the mouse cursor and click on a
part of the baseline. While holding down the
left mouse button extend the line to another
part of the baseline further to the right of the
starting point and let go of the mouse button.
The base line will now be drawn according to
the line that was drawn using the Rubber
Band integration tool.

Calibration

1. Toturnthe raw area of a peak into a real-

world number the peak first needs to be cali-
brated. To calibrate the Toluene peak in chro-
matogram 602.CHR, open up the file and then
right click using the mouse on the Toluene
peak. After right clicking on Toluene select
Calibrate Toluene from the resulting menu.

. From the Recalibration level window click on

the third level radio button 3 (100.000) and
then select OK with your mouse cursor.
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3. After selecting OK from the Recalibration level

menu the Calibration menu for Toluene will
pop up. Check to make sure the flashing as-
terisk on the calibration curve is on level 3 and
then click on the Accept New button to the
right of the window.

. Once the new data is accepted, click on the
Method button immediately below the Accept
New button. The Recalibration type window
will now open allowing the user to select a
method of calibration. By default the calibra-
tion type is set at Multiple Line Segments. Se-
lect the Quadratic (Ax2+Bx+C) radio button
and then click on OK with the mouse cursor.

. After changing the method of calibration click
on Statistics in the upper right hand corner of
the Calibration level window. The Calibration
statistics window will pop up revealing the sta-
tistics for the calibration of Toluene. Click OK
with the mouse cursor to close the Calibration
statistics window and then select Close from
the Calibration window to finish calibrating
Toluene.

Overlay

1. To compare two or more chromatograms

overlay them using PeakSimple. To overlay
two chromatograms first open chromatogram
602.CHR and then click on the 2 button in the
PeakSimple toolbar. A second chromatogram
channel is now open in the PeakSimple win-
dow.

. Once the second channel is open select File
from the PeakSimple menu bar and then click
on Open. The Load chromatogram file win-
dow will open up displaying a list of files to
load. Select chromatogram FID602.CHR to
load and then select the 2 channel radio but-
ton to load the chromatogram in the second
channel.
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3. Once FID602.CHR is open in the second

channel right click using the mouse on the

chromatogram in the first channel and select

4. After the Channel 1 details window appears

on the screen locate the Overlay data in
channel check box and select it. Look to the
dialogue box to the right of the Overlay data in

T p———
Channel Details from the list of options. i -

|
channel check box and insert the number 2 in T

place of the 1. Click on OK with the mouse e
cursor to exit the Channel 1 details window.

5. The chromatogram FID602.CHR is now in
place overlaid on top of chromatogram
602.CHR in channel 1. Chromatogram
602.CHR is in blue while FID602.CHR is in

red.
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Printing a Chromatogram
1. To print a chromatogram first open chroma- B g —tene te :
togram 602.CHR. Once the chromatogram is —
open select File from the PeakSimple menu —
bar and then select Print from the drop-down [
menu. i
2. The Print window will open and will allow the
user to customize the printing of a chroma-
togram. Click on the Format button for the T
Print header to open up the Header format —
window. Add or delete any information in the B i et @

window by clicking on the fields and inserting
the desired information. Click on the OK but-
ton when all the desired information is input-
ted to close the window. E: ::




3.

In the Print window click on the Format button
for Print chromatogram to open up the Chro-
matogram format window. Locate the Chart
speed dialogue box and insert the number of
inches each minute on the chromatogram will
take up when printed (for a nine minute run try
0.50 inches per minute). After the Chart speed
is entered click on OK to exit the window.

In the Print window locate the Print report
check box and click on the Format button to
its right.

Once the Report format window is open click
on External in the Available dialogue menu
(on the left) and then click with the mouse cur-
sor on the right facing arrow button to add Ex-
ternal to the Selected dialogue box (on the
right). After External is added to the Selected
dialogue box click on Units with the mouse
cursor and click on the right facing arrow but-
ton to add Units to the Selected dialogue box.
Click on OK with the mouse cursor to exit out
of the Report format window.

Select Print in the Print window to print the
chromatogram or click on OK in the Print win-
dow to exit the window.

Exporting to Excel

1.

In the PeakSimple toolbar click on the Re-
sults window button to open up the Results
window. Once the Results window is open
click on the Copy button to copy the results
data to the Windows clipboard.

Make sure Microsoft Excel is loaded on the
computer. If Excel is not loaded you can copy
results data and chromatograms to Microsoft
Word or PowerPoint. Open up Microsoft Excel
by clicking with the mouse cursor on the Start
button in the bottom left of the Windows
screen and then Programs and then Micro-
soft Excel in the Windows Program menu.
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6. Once Excel is opened select Edit from the Ex-
cel menu bar and then Paste from the drop
down menu. The results data is now placed
into the columns and rows of Excel. Using the
mouse cursor, select a box to the right of the
results data in the Excel spreadsheet. Go
back into the PeakSimple for Windows NT
program and hit Close to exit the Results win-
dow.

7. Right click with the mouse cursor anywhere e —
on chromatogram 602.CHR and select Copy B e
picture from the resulting menu. Go back into
Excel and select Edit from the Excel menu
bar and then Paste from the drop down menu.
The PeakSimple chromatogram will now be
displayed next to its results data in the rows
and columns of Microsoft Excel.
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This concludes the PeakSimple 2000 Basic Tutorial






DETECTORS
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
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
connected 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 GCs.
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TCD detector oven setpoint (trimpot)

TCD Detector TCD Detector on a GC with
detector cover and top/front
insulation removed for clarity

Color-coded TCD TCD detector
filament leads are body
connected to the
bridge terminal block Insulation
e __ | Vi TCD detector
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TCD filament current

control switch Color-coded

filament leads




DETECTORS
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.

One of four TCD filaments TCD filament bridge i
Tungsten-rhenium Woven fiberglass insulation 8 00»6
filament _ @ )
I - - R S 2
. . . Filament leads are 4 S R o
The Wheatstone Bridge circuit  color-coded for identification 60% \Ag&e
design in the TCD uses four v % o
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
reference signal. This deflection is
translated into an analog signal which
is sent to the data system for analysis.

The four pairs of filament leads are
color-coded in two-color units; each
color is used on two different leads. All
eight wires are connected to the bridge
current supply via four setscrew-type
terminal connectors on the top control
panel of the GC. Silkscreened labelling
on the chassis indicates which color
wire connects to each terminal.

The TCD detector block is divided

Simplification of filament interconnection

Reference gasin
—] Red

Sample gas in
Red |

| ® ]
REFERENCE* 1 Blue Greenl™ SAMPLE
\ ® ®
| Blue Green|__
| o ]
SAMPLE Black ‘ Black REFERENCE
Color-coded

filament leads

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

Reference side
of TCD bridge

Sample side

| EPC |9| Polishing filter |> of TCD bridge

Injection port

TCD
detector
outlet




DETECTORS
Thermal Conductivity Detector - TCD

Expected Performance

TCD Noise Run

[ PeaknT
File Edit Yiew Acquisition Help

D@ &= BE 23 4™

TR 2o o ol fo fo f ] fo o 4 [82]

Carrier: Helium @ 10mL/min 0100 (AP e S DEFRUCTON I
TCD gain=LOW
TCD temp =100°C
Temperature program:
Initial  Hold Ramp Final
80°C 15.00 0.00 80°C ®

Qb o an . N VAN

= RN e VTR Y AT Wi

TCD noise averages 10uV frompeak to peak
—U.1DD_ B B
EDI+] ] VA

4.000

10.000

Factory Test Run of a TCD-equipped Buck GC

Sample: natural gas standard, 1mL sample loop

Columns: 1m Molecular Sieve, 2m Silica Gel

[ PeaknT [_ o] x]
File Edit Yiew Acquisition Help Events:
[csuoi6mBEln s « S[[R /oo [/ S I[N O HI=] Timg  Event
NAT GAS STD[TCD T 0.00 ZERO
8.000 [AT3427a10.chiDEFAULT CON [ 0.050 G ON (valve inject)
3 ¥ L 6.00 G OFF
iy © 2 Temperature program:
T @ g Initial Hold Ramp Final
& N 40°C  5.00 10.00 220°C
Zw 220°C 16.00 0.00 220°C
& E=
@ o 35 Results:
] 5 ag o Component Retention Area
' = Oxygen 1.633 19.7500
= ] % N2yg 2.150 121.0880
aE Methane 3.033 563.6130
&g Ethane 7.550 128.2185
a 7 CcOo2 9.983 11.9860
= Propane 13.683  113.9220
\ L R L m Iso-Butane 18.150  69.4960
E N-Butane 18.766 67.4460
0800 . . Iso-Pentane 22.550 20.1490
Py T N-Pentane 22.866  19.1560
0.000 26.000 Total: 1134.8245



DETECTORS
Thermal Conductivity Detector - TCD

Expected Performance

Bpeakt [-[oIx] TCD Room Air Analysis
File Edit Yiew Acquisition Help
EEEEICIEYE REEREE:

0.5 CC ROOM AIfTCD I I
1,000 [A1343401 0.CHRIDEFAULT.CON |

g Column: 3’ Silica Gel

8 Carrier: Helium at 10mL/min

Sample: 0.5¢cc room air,
direct injection

TCD current: LOW

TCD temperature: 100°C

@,
G I
=Y
Temperature Program:
8 Inital Hold Ramp Final
_/@ 80°C 4.00 0.00 80°C
4 )Ill » <I}
0.000 4,000
Results:
Component  Retention Area
The CO, content of the room air analyzed is approximately 350ppm. O,N, 0.716 1021.3830
CO, 2.766 1.5060
Total 1022.8890
TCD Breath Analysis ERERKEEEEEGG HEE
File Edit Yiew Acquisition Help
EEEEICIEYE REEREE:
0.5 CC BREATH|TCD | |
Column- 3’ Slllca Gel 8.000|A\3434b09.CHRIDEFAULT.CON |
Carrier: .Helium at 10mL/min g Results:
Sample.dQ.Sc?_hymﬁn breath, Component Retention Area
irect injection
TCD current: LOW O,N, 0.700 1379.4740
TCD temperature: 100°C CO, 2.700 _61.9540
Total 1441.4280
@,
Temperature Program: S n %
Initial  Hold Ramp Final aQ
80°C 24.00 0.00 80°C
4 )Ill » <I}
0.000 4,000




DETECTORS
Thermal Conductivity Detector - TCD

General Operating Procedure

. Check to make sure that the TCD filament current is switched OFF. Plug in and turn on your GC. Allow
the TCD detector oven to reach temperature (100°C) and stabilize. With the “Display Select” switch in the
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 set to 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 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 on the
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 adjusted by the user with the trimpot
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 is applied 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 filaments. The carrier gas 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. DO NOT turn on the TCD current if carrier
gas 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

. Zero the data system signal (clicking on the Auto Zero button at the left edge of the
chromatogram window is one way to do it), then start the run (hit the computer
keyboard spacebar or hit the “RUN” button on the GC).

_Auto Zero
button

o) (=]

. Inject sample. Injection volumes of 0.5mL for gas and 1 pL for liquid is recommended
to prolong TCD filament life.



DETECTORS
Thermal Conductivity Detector - TCD

TCD Filament Protection Circuit

All TCD detectors are susceptible to filament damage or destruction if operated at high current in 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 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. As an 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 the Bright red LED display
Buck GC front control panel

TEMPERATURE (°C)

DETECTOR PRESSURE (PSI)
PARAMETERS
®© 010 O 6 @ @  1-LOCALSETPOINT button
© ©20 @ © @ o |2 TOTALSETPOINT button LED panel
displays control data

® L] 3'0 (- ] o (@) [ ] 3- STATUS LED Corresponding to

® 040 ® ® @ O | 4 ACTUALbutton the button pressed

B R T F L P E

E E c L A M c ALL BUTTONS

A A D A M T D

D Cc M P oA,

Yk E vi ¢ (@» DISPLAY SELECT The DISPLAY SELECT
Cc o] u o

% v 8 % U & coLumn oven 1 Temperature | SWitch allows the user

L T G R T R

Te v F N R8O E to choose between

g o )\ = ! displaying the control

B BT zones using the buttons
COEDDID | CE €) - O € or the column oven
L TART RUN

WHEN CARRIER 1 ® . ) . S temperature
LESS THAN
LOCAL LOW OFF OFF OFF
SETPOINT

1- Pressing the LOCAL SETPOINT button displays the filament cut-off setpoint value (factory set at 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 value of
3.5t04.5 volts is typical when using high current; low current will display 2.5-3.5 volts (note: the LED displays
4 volts as “400,” 3.5 as “350,” etc.). Any value lower than these indicates a potential problem in the TCD
detector bridge.



DETECTORS

Thermal Conductivity Detector - TCD

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. Ifall 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 determine
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 8 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
the bridge terminal by loosening the retaining setscrews with a small blade screwdriver.
Measure the resistance across the filament leads using an ohmeter, making sure the
correct pair of colored wires is tested together for each filament. An infinite reading
is an indication that the filament is open, or burned out. If any of the filaments has a
significantly different resistance than the others (which should be in the ranges
mentioned above), it should be replaced. Replacement filaments, o-rings, and TCD

blocks with four new filaments are available from Buck. In addition to the standard

filaments, optional gold-plated filaments for improved corrosion resistance are also
available.

Many multimeters are
available; these two are
from Fluke Corporation:
USA: 1-800-44-FLUKE
EU: (3140)2678 200
www.fluke.com

Buck TCD detector replacement parts

Standard TCD filament with rubber O-ring gasket
High temperature TCD filament with copper gasket

670-9120
690-9123

(filament part #s are also listed on the top of the TCD oven in your GC)
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Replacing the TCD Filaments

TCD detectors are made to last a long time without ever replacing the filaments. However, any TCD
filaments that fail the diagnostic ohmeter 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. Itis
best to go slowly, color-coding then replacing each filament one ata time. IF YOU MIX UP THE FILAMENT
LEADS, YOUR TCD WILL NOT WORK!

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

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 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 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

Outer TCD detector assembly Outer TCD detector assembly
case permanently mounted to Insulated padding case cover is removable for access

column oven wall / \ to inner metal clamshell case
/ \ and heater wrap
/ \
/ \

/ \

\
Carrier gasin \
from polishing o
filter, and back 9 <
to injector
N\
N U Filament leads
1 to bridge
o electronics
B ﬂ"
O_.?O L]
/ ]
AR

Sample gasin
from analytical
column, and out
to next detector

or vent :
N s
7~ e i
v /I\ &I
= TCD detector block o >
g
Column oven N
. _ . N\
Inner clamshell case is heat-wrapped with N\ 2 hex-head screws
thermostatted electrical heating element secure inner clamshell

and protects TCD detector block
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Replacing the TCD Filaments continued

(Standard TCD detector block access continued)
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. Set it 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 a good idea to remove then replace 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. An existing 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 detectorg lﬁock Rubber O-rings o o
with the filaments inside the detector " Filament
block cells. Replace and tighten the 3 , ,
hex-head screws. Repeat this process A .;T* r‘ﬁ - Filamentsecuring plate
on other side to replace the M 5
corresponding filament. Hexagonalhead =
screws :fi‘ | i | B,

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 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. 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

o (N

,—_ _-’,W _.-ﬂ
Insulated ' Insulated
padding —— — padding
Q_ﬂ- ey | _SESRD——
| i I Copper gaskets
Half of inner clamshell case . /I ‘ Half of inner clamshell case
Filaments = '



DETECTORS
Thermal Conductivity Detector - TCD

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
5. The filaments are held in place by gland nuts; loosen these nuts to down and off to
remove the filaments and copper gaskets. Color-code the new filament
the same as the one you are replacing (you can use colored marker \L
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.

remove the filament

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 labels on
the terminal block to insert the color-coded leads into the appropriate terminal.
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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 » OrNH.. 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.
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FID detector

Capillary FID GC

Thermostatted Detector viewport
heater block (remove Swagelok cap)

“l Flameport
A A [ Collector
= iﬁ — electrode

" Ceramic
| S ignitor

Electrode lead
to amplifier

The FID features a unique ceramic
ignitor which can run 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 settings. On
an GC, the hydrogen and air gas flows are
controlled using electronic pressure controllers,
which are user adjustable via the GC’s front panel.
A thermostatted aluminum heater block maintains
a stable detector temperature which is user
adjustable up to 375°C. The optional built-in air
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
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FID - Flame lonization Detector

Theory of Operation

In the 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 ionizes the
analyte molecules. Positive and negative ions are produced as each sample component is eluted into the flame.
A collector electrode attracts 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

Quter flame / oxidation zone

H, and
ier —> =] ((
carrier ——

effluent  Byrner jet R Oxidizing atmosphere

Electrostatic field

The ratio of air to hydrogen in the combustion mixture should be approximately 10:1. Ifthe carrier flow is
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 on the
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. In addition 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

Hydrogen gas Flameport assembly
N ' '
i | Detector
! viewport
Analytical column Js -
N |t .

.| Positively charged
— collector electrode /
exhaust vent

Sample-laden carrier gas
exiting column into jet

Ignitor

Compressed air ||
feeds hydrogen flame |||

| |
‘
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FID noise run

Column: 15m MXT-1

Carrier: Helium @ 10mL/min
FID gain = HIGH

FID temp = 150°C

FID ignitor =-400

Expected Performance

[ PeaknT [_ o] x]
File Edit Yiew Acquisition Help
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FID NOISE RUN I I
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Temperature program:
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Sample: 1mL of 1000ppm C,-C,
Carrier: Helium @ 10mL/min
FID H, at 25psi = 25mL/min
FID air at 6psi = 250mL/min
FID temp = 150°C

FID ignitor =-750

FID gain =HIGH

Valve temp =90°C

Results:
Component  Retention Area
Methane 0.850 6979.9260
Ethane 2.866 13623.7580
Propane 5.683 19535.8960
Butane 8.200 26456.5980
Pentane 10.283 33053.9680
Hexane 12.916 39419.0870
Total 139069.2330
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Expected Performance

BTEX Test Analysis

The BTEX chemicals (Benzene, Toluene, Ethylbenzene, and Xylenes) are volatile monoaromatic
hydrocarbons found in petroleum products like gasoline. Due to 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 GC.
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Results:

Component Retention
Solvent 0.433
Benzene 2.083
TCE 2.700
Toluene 4,183
PCE 5.000

Ethyl Benzene 6.233
Ortho Xylene  6.900
Bromoform 7.150

total

Area
95879.7560
837.1000
319.2450
1070.1060
344.8640
1200.3320
1312.3070
225.2360
101188.9460

1uL 100ppm BTEX sample

15m MXT-VOL capillary
column

FID gain = HIGH
FID temp = 150°C
FID ignitor =-400
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General Operating Procedure

1. Set the FID amplifier gain switch to HIGH for most hydrocarbon applications. Ifpeaks 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.

oW
i _PID AMPLIFIER

DETECTOR 1 FID amplifier gain switch

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
ignitor switch is located on the front panel of your GC 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 is lit.

7F o iFPD R s T
i K—’} . . .- ik L)l Wi FID AMPUIFIER

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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FID Troubleshooting

Whenever you 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.

2. Use the wrench test to make sure the flame is OFF. Ifit is, observe the baseline in
the chromatogram window to see whether there is an improvement or no change at all.

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

4. Isolate 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.
If the detector noise is similar to the background that was observed with the flame
OFF, the column is suspect.

B. Wet Finger Test
1. Make a V sign with the first two fingers of your right hand.
2. Moisten those two fingers (you can achieve sufficient moisture by licking them).

3. Place one finger on the collector electrode, and place the other on bare metal (like
the FID detector body or the column oven lid) to ground the collector. Make your
contact brief--you need only brush
these parts to perform the test. Be
careful not to burn yourself; the

- . column oven lid is probably cooler
2 'ﬁ— the otherfinger here than the FID detector body.
4 b

One finger here and

fingers.

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
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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. Use the FID detector viewport to check for visible deposits. If
you’re experiencing problems with your FID detector, try cleaning it, even if you
can’t see deposits through the viewport.

1. Unscrew the viewport cap nut and examine the flameport interior for coatings or
films. Ifresidue 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 = (N

a. Unclip the electrode lead i 1
terminal and slide it off the | 1

electrode. ’

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

c. Slide the collector electrode out of the nut. Once removed, ‘ - —— >
spin it between your fingers in a piece of sandpaper to clean the e -
stainless steel surface. A wire brush may also be used to scrub |
the electrode. Once cleaned, set it aside with the ignitor. ’
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Cleaning the FID continued

4. Remove the FID ignitor element 8
.—._ —_

a. The ignitor element is brittle and will break when stressed, so handle the %

ignitor carefully, mindful of any torque on the blades. While holding the ignitor | l

Ignitor blade
Graphite ferrule

by the ceramic body with one hand, loosen the 1/4”” swagelok-type nut that
holds it in place. There is a graphite ferrule inside this nut that secures the
ceramic ignitor body when the nut is tightened. Ignitor body

b. Carefully pull the ignitor down out of the flameport. Disconnect the ignitor
from the spring-loaded ignitor current source terminals. Set the ignitor securely _~
aside.

FID ignitor removed from the flameport assembly

T —_—— EERETEERE ; : g

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

minutes.
L
— - | m

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 should 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 -

elemen +
| s 9= =

Position the collector electrode
so that about 1/8” of it is visible

Ignitor blade through the viewport

g must not
touch FID jet



GC ACCESSORIES

Methanizer
Methanizer-equipped FID Detector

Thermostatted Viewport cap nut
heater block e /
and cover — i Nickel ‘ ‘ Collector

icatalyst i electrode
Column iy I : / .
effluent == —= 5:::::5_55l.:_:555..::5:j| g g v = S Exhaust

i .-//Z] 1

Alr v ~ Ceramic

supply — ignitor
Hydrogen COHeCtI‘.)]: lead
supply to amplifier

TheMethanizer option enablesthe Flame | onization Detector to detect low levelsof COand CO,,. Itis
installed astheremovablejet in aspecial FID detector assembly. The Methanizer / jet deliversthe column
effluent mixed with hydrogento the FID detector. The Methanizer ispacked withanickel catalyst powder on
glasswool secured withtwofrits. During analysis, the M ethani zer is heated to 380°C with the FID detector
body. When the column effluent mixeswith the FID hydrogen supply and passesthrough the M ethani zer, CO
and CO, are converted to methane. Sincethe conversionof CO and CO, to methane occursafter thesample
compoundshave passed through the column, their retention timesare unchanged. Hydrocarbons passthrough
the Methanizer unaffected. The special Methanizer FID detector assembly operatesliketheregular FID
detector, except that the FID temperature must be set to 380°C.  Dueto the chemical relationship between
nickel and sulfur, the M ethani zer can be poisoned by large quantities of sulfur gas.

Expected Performance
Thefollowing chromatogram was produced by an Multiple Gas Anayzer #1 equipped withaMethanizer.

[ Peatil [_ 5] x]
'Eg;ﬁ !ak-;f:::mauﬁ N Y Y L G Sample: 41cc room air + 15cc 1000ppm C -
— : = LISy F J’Iﬁ‘ — C, injected into the 1mL sample loop =
[ LI S ' 250ppm CO, and C,-C
Results:
W 2 Component Retention Area
el E w ¥ E g w 0O2/N2 1.650 4731.2140
l‘__’l , . E E % Methane 3.866 2008.6000
- g £ 4 ] ﬂ \ ' Ethane 7.316 3854.7300
£ % B ﬂ | | i CO2 as Methane 9.250 3142.1040
l i I| | l Propane 12.083 5379.8755
ﬂl _ML \ [ ) \ Butane 15.533 7326.4440
Pentane 18.333 9136.3340
O T s | Hexane 21.900 10408.3160
el =L Total 45987.6175
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Nitrogen/Phophorus Detector - NPD

Overview

The SRI Nitrogen-Phosphorus Detector (NPD) has a
linear response selective to organic compounds containing
nitrogen and/or phosphorus. The NPD also responds to
normal hydrocarbons, but approximately 100,000 times less
than nitrogen or phosphorus containing compounds. Due to
its selectivity and sensitivity, the NPD is often used to detect
pesticides, herbicides, drugs of abuse, and other trace
compounds. Nitrogen is the carrier gas of choice for the
NPD detector, but helium is often used, especially when
other detectors are installed on the same GC as the NPD.

AT
Derpy, 0 T

The NPD is similar in design to the FID, exceptitusesa ~ The NPD is similar to the FID in design.
thermionic NPD bead to generate ions in a hydrogen and

air plasma. Like the FID, the NPD uses a stainless steel jet to deliver sample-laden carrier gas and hydrogen
gas to the detector, and a positively charged collector electrode that also serves as the detector exhaust. The
NPD bead is positioned between the jet and the collector electrode. The tip of the NPD jet is slightly different
from that of the FID jet.

The thermionic NPD bead is A
coated with an alkali salt——=-=ES=E=—————_ . W

(R THTTL

ULV T

A AT The NPD may be combined with the DELCD for pesticide
W screening. The NPD detects Organo-phosphate pesticides

(LTI T T and the DELCD detects the chlorinated pesticides.
IIEAT A AR R
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Nitrogen/Phophorus Detector - NPD

Theory of Operation

NPD jet ,

NPD bead (the tip is inside the /I
ionization area of the detector body)

Electrical leads provide current to the NPD—
bead to maintain the hydrogen-air plasma

Detector viewport
I F cap nut

NPD heater
block .....H..._— collector electrode
I Area where
ionization .
takes place Electrical lead

Positively charged

to amplifier

Inside the NPD detector body, an electrically heated thermionic bead (NPD bead) is positioned between
the jet orifice and the collector electrode. The bead is coated with an alkali metal which promotes the ionization
of compounds that contain nitrogen or phosphorus. Hydrogen and air flows create a hydrogen plasma around
the hot NPD bead. When molecules containing nitrogen or phosphorus enter the plasma from the column and
jetorifice, they undergo a catalytic surface chemistry reaction, producing thermionic electrons. The resulting
ions are attracted to a positively charged collector electrode, then amplified and output to the data system. The
hydrogen to air ratio is too lean to sustain a flame, therefore minimizing hydrocarbon ionization and contributing

to the NPD detector’s selectivity.

Hydrogen
plasma

Sample-laden carrier gas flowing
from the column to the jet

Stainless steel jet

Detector viewport

Positively charged collector
electrode doubles as the

H

exhaust vent

Hydrogen gas

Compressed alrfeeds
the hydrogen flame

N
Thermionic NPD bead
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Expected Performance

The following chromatograms are from an SRI GC equipped with NPD, DELCD and FID detectors.
Since the NPD is not the only detector, helium carrier gas was used instead of nitrogen. The first chromatogram
shows a separation of 200ppm Organophosphorus pesticide standard, Mix 8270. The second chromatogram
shows both the NPD and DELCD responses to a mixture of 100ppm Mix 8270 and 100ppm Organochlorine
pesticide standard, Mix 8081. Other than the sample and length of time, the analytical parameters were the
same for both runs. The NPD has a much smaller response to the Organochlorine standard (Mix 8081).
Since the DELCD is selective to chlorinated molecules, its response to Mix 8081 supplements the NPD
response for better identification. and quantification.
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Nitrogen/Phophorus Detector - NPD

Expected Performance

This chromatogram shows the NPD response to an isothermal analysis of a 1 0ppm malathion sample. Compare
the NPD response to the 100% hydrocarbon solvent with the response to the 10ppm malathion sample.

o PeakSimple - DOM1

File Edit View Acquisiion Help
D@ & 5 WE (12345 6 & 212228

1wl 10 PPE MAL[RFD [ [ | |
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o

Sample: 1 yL 10ppm malathion

f'M*L‘TH'C“* Column: 15-meter MXT-5
Carrier: helium at 10mL/min

|‘ NPD gain: HIGH

| ‘ NPD temperature: 250°C

NPD bead current: -380
Injector temperature: 200°C

Results:
‘ Component Retention Area

|2]2]#]

Solvent 0.600 9872.7620 T
Malathion  9.566 4752.8840
| Total 14625.6460 | |

! ' | Temperature program:
I I Initial Hold ~ Ramp Final
—_— L 1 —— 200°C 100.00 0.00 200°C
0000 l

The following chromatogram shows an NPD noise run using helium carrier gas and an 80 degree isothermal
temperature program.
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Nitrogen/Phophorus Detector - NPD

Note: Most SRI NPDs are installed on a GC with one or more other detectors. Therefore, SRI tests its NPD
detectors with helium carrier gas.

General Operating Procedures

NPD Detector
1. Setthe NPD amplifier gain switch to HIGH for most applications.

2. The approximate pressures required for the correct
hydrogen and air flows are labeled on the right-hand side of
the GC chassis under “GAS FLOW RATES.” Set the
hydrogen flow to 3mL/minute and the air flow to 100mL/minute
using the trimpots on the top edge of the GC’s front control
panel. To adjust a pressure setting, hold down the
SETPOINT button while turning the corresponding trimpot
until you can read the desired pressure setting in the LED
display (make sure the LED “DISPLAY SELECT” switch is
on “ALL BUTTONS”).

3. Setthe NPD detector temperature to 250°C: hold down the SETPOINT button while turning the detector
heat trimpot until the desired setpoint is visible in the LED display.

4. Set the NPD bead current to -360. Higher current settings may be used, but the life and subsequent
sensitivity of the NPD bead will be reduced.

5. Press the ACTUAL button to observe the temperature of the NPD in the LED display. When the detector
has reached the set temperature and the signal appears stable, the NPD is ready for use.

NPD/DELCD Combination Detector

1. Setthe DELCD amplifier gain switch to LOW, and the GAS FLOW RATES
NPD gain to HIGH. CARRIER 1: [ | pei= [16 | st |
H i P&l = miimin
2. Setthe NPD/DELCD hydrogen to 3mL/minute and the :::::;i — Bl
air to 100mL/min using the correlating pressure labeled on RN D G g
the right-hand side of the GC. EYEROGEN 1: FPORLEE | 28 | Fo= RS e
HYDROGEN2: | FID |:| 19 | PSi= | 25 | mimin

3. Set the NPD/DELCD detector heat to 150°C. AlR 1: EHF'D.'I:IEI.CL-‘.l . ‘ a . PS5l = [ 100 | mimin

AIR 2: | Fo |:| & | Psi= | 250 | mumin

4. Set the DELCD reactor temeprature to 260. The : _— —
number 260 represents 1000°C; the DELCD will heatto  Example Gas Flow Rates table: this particular GC
about 254 and stabilize. The visible end of the reactor '° equipped with NPD/DELCD and FID detectors.
tube will glow bright red with the high temperature.

5. Inject sample when the combination detector has reached the set temperatures and their signals appear
stable.
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Dry Electrolytic Conductivity Detector - DELCD

Overview

o —— The Dry Electrolytic Conductivity detector, or DELCD, is selective
ot to chlorinated and brominated molecules. It differs from the traditional

TN RN AL AR AR R T T R NRN . . .

R AN R 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 H,O prior to reaching the DELCD, thus preventing

DELCD on an 8610C GC contamination of the DELCD by large hydrocarbon peaks.

FID /| DELCD Combo Detector
DELCD - A la carte

FID DELCD
| I |
FID collector
electrode N
! DELCD reaction
FID flameport o
Close-up of the same assemb|yp -"QL'-' T\, Chamberinsulation

DELCD detector

FID heater 4. Platinum
block wires (3)
DELCD
- collector
FID ignitor assembly
terminal
FID collector
terminal and
DELCD“ DELCD collector gain switch
heater & thermocouple
terminal leads Hydrogen
supply DELCD collector

o & thermocouple
FID ignitor © DELCD collector leads

Air supply & DELCD & thermocouple
heater terminal and
terminal gain switch
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Dry Electrolytic Conductivity Detector - DELCD

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 must 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). Duetoits small I.D., the collector electrode
acts as a restrictor, splitting the FID exhaust gases so
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

or bromine and hydrogen forms HCI and HBr, and
the reaction of chlorine or bromine and oxygen forms
ClO, and BrO,. The DELCD detects the oxidized
species of chlorine and bromine, such as C10, and
BrO,. It does 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, a 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 a combination detector, as an FID only, or as a
DELCD only.

A DELCD only detector receives the sample laden
carrier gas directly from the column or from a non-
destructive detector outlet, like the PID. It is 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 DELCD ceramic
FID/DELCD electrode FID amplifier electrode probe
Combination lead A DELCD o)
Detector | thermocouple

| cathode DELCD
TR heater

Teflon™ ferrule DELCD Exhaust

Vespel™ ferrule —% anode vent

Column FID flameport, L §-1, Graphite
. g ferrule
Column FIDJet\ ; 1000 C. : .
effluent— = = : Platinum
I —)/ thermo-
FID 1 couple
flame and
| collector
wires
A T Collector
. Graphite assembly
Hydrogen Air ferrule terminal
supply supply |.| DELCD insulation

FID ignitor

DELCD collector, thermocouple,
and heater filament leads
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Dry Electrolytic Conductivity Detector - DELCD

Expected Performance
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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
isuseable 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 molecules at 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 a reactant 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 chlorine/
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 instrument.

2. Reduce the air flow to the DELCD to 25mL/min by turning the the air pressure trimpot setpoint down to 1
or 2psi. An additional 24” restrictor made of 0.001 I.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
ofthe 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.



DETECTORS
Dry Electrolytic Conductivity Detector - DELCD

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. Ifpeaks 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 SRI GC under the “DETECTOR PARAMETERS” heading
(itis 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. Set the 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” temperature you have entered in the temperature 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 lid
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.
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As diagrammed above, the sample enters the FID flame from the column where hydrocarbons are ionized
and combusted. Electrons liberated in the ionization are collected by the FID collector electrode. About half
the gas effluent (carrier gas + hydrogen + air + combustion products) flows out through the FID collector
electrode which has an internal diameter of .040 (1 mm.). The restriction caused by the small collector i.d.
splits the flow of exhaust gases so that the other half of the gases pass through the DELCD. The DELCD
consists of a small ceramic tube which is heated to 1000°C. In the center of the heated tube is a platinum
thermocouple which measures the temperature and a DELCD collector electrode which measures the
conductivity of the gases flowing through the DELCD. Since the response is very dependent on the temperature
, the control circuit must maintain the temperature within a fraction of a degree at 1000°C. ClO,-BrO, exhibits

extremely high conductivity at 1000°C. So the DELCD actually responds to the C10,-BrO, concentration of
the gases in the FID exhaust. Because other molecules are not detected, the DELCD is almost completely
selective for chlorine and bromine. Fluorine and iodine are not well detected.
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Operating the FIDIDELCD in the 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. The DELCD signal may be on Channel 2 or 3. Each detector amplifier is
labeled at the factory with the data channel to which it has been connected. Detector signals may be connected
to any available data channel by simply attaching the white and black signal wires to the screw terminals on the
A/D board inside the GC.

1) Setthe FID hydrogen and air flows for normal FID operation. This is typically 25 ml/min hydrogen
(corresponds to 25 psi) and 250 ml/min air (typically 6 psi). The exact pressure required for each flow is
labeled on the GC’s right hand side.

2) Setthe DELCD temperature setpoint to 260 using the front panel adjustments. This number actually
represents 1000°C. The DELCD will heat up to about 254 and stabilize. The quartz collector electrode
will appear a bright red color due to the 1000C temperature.

3) Inthe FID/DELCD combo mode, the FID is normally operated on high gain or on hi-filtered gain if the
peaks are more than 10 second wide at the base. The hi-filtered gain position is identical to the high gain
except that extra noise filtering results in a quieter baseline. The DELCD amplifier is normally operated on
low gain. In this configuration the FID and DELCD produce approximately the same response to chlorinated
peaks such as TCE ( same peak area counts ). The FID will generate approximately 4 area counts per
nanogram injected on column while the DELCD will generate 2-4 area counts per nanogram of chlorinated
hydrocarbon. ( see example chromatogram below ).
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The DELCD shows 250 area counts for 100 nanograms of Perchlorethylene (PCE)
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Operating the FIDIDELCD in the Combo mode

1 ] ]

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

1)

2)

3)

4)

As shown in the chromatogram above, the DELCD peak for PCE occurs at the same time as the FID
peak for PCE. Notice that the DELCD peak exhibits a little bit of tailing compared to the FID response.
In the FID/DELCD combo mode, the minimum detectable amount is approximately 1 nanogram. Assuming
a 1 microliter injection, this translates into approximately 1 ppm. The exact detection limit will depend on
the analyte molecule (how much chlorine/bromine in the compound ) and the chromatographic conditions.
A sharp peak is always more detectable than a short fat peak.

The detection limit will be worse when using the built-in air compressor for FID/DELCD flame combustion
instead of clean dry tank air. While the built-in air compressor is useful and convenient, low levels of
halogenated compounds in the ambient air ( even levels below 1 ppm ) cause the DELCD to lose sensitivity,
and fluctuations in the level of organics in the ambient air may cause additional baseline noise.

In the FID/DELCD mode the DELCD response 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
as long as the operator calibrates

with sufficient data points to & | o
accurately model the detector -f’f__ﬁk
response curve. Where a 5 point "
calibration would normally be
required, the DELCD may
demand a 6 point calibration.

The DELCD calibration curve shown at
right illustrates the quadratic response
from 1—1000 nanograms of TCE injected
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1)

2)

3)

4)

Operating the FIDIDELCD in the high sensitivity DELCD only mode

The DELCD can be operated in a high sensitivity mode by eliminating the hydrogen from the reactions
which lead up to the detection of the C10,-BrO,. Because the chlorine/bromine atoms prefer to react with

hydrogen to form non-detectable HCI-Hbr, than with oxygen to form detectable C1O -BrO, by a factor of
100-1000 to 1, eliminating the hydrogen improves the DELCD sensitivity by at least 100 times. Water
must also be eliminated as at the high temperatures inside the DELCD, hydrogen becomes dissassociated
from the H,0 molecule and available as a reactant. In practice, this means turning off the hydrogen and
using clean dry tank air (not the built-in air compressor).

Remove the hydrogen supply from the GC by disconnecting the hydrogen supply at the GC’s inlet bulkhead
on the left hand side of the instrument. Reduce the air flow to the DELCD to 50 ml/min by turning the air
pressure setpoint down to 1-2 psi. An additional air flow restrictor consisting of 12” of .067 tubing (1/16’,
1.58mm) with an internal diameter of .010 (0.25mm) can easily be added to the air supply immediately
below the detector to enable the flow to be controlled more precisely at higher pressures. With the extra
restrictor installed a pressure setpoint of 10 psi will deliver an air flow of approximately 50 ml/min.
Ifusing a capillary column, push the column through the FID jet until it just enters the ceramic tubing of the
DELCD. This will improve the peak shape somewhat because the column effluent will be discharged into
the flowing airstream and will be immediately swept into the DELCD detector volume. When switching
back to FID/DELCD combo mode remember to pull the column back into the FID jet.

Remove the FID collector electrode and replace it with a 1/4’ cap fitting. The FID collector electrode
allows some gas to escape from the FID combustion area, and this is not desirable when operating in the
high sensitivity mode.
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The DELCD chromatogram Ten picograms (10 PPB) of
shown at right illustrates the | ' Trichloroethylene (TCE)

response to 10 picograms
(1ulof 10 PPB) of TCE in the
high senstivity mode.

Note that in high sensitivity
mode, there is some
response to the methanol
solvent.
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The FID/DELCD detector is
shown at right configured for
the high sensitivity mode. T

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

Operating the FIDIDELCD in the high sensitivity DELCD only mode

g
o T

|
-l

__#

1) Justasthe DELCD response curve is quadratic in the FID/DELCD combo mode, the response is also
quadratic in the high sensitivity mode, but sensitivity is increased by 100-1000 times. In the high sensitivity
mode the DELCD is most useful in the range of 1-1000 picograms which assuming a 1 microliter injection
translates into 1-1000 PPB.

2) Inthe high sensitivity mode, the DELCD can perform much like an Electron Capture Detector (ECD)
except that the DELCD is more selective for halogens and blind to oxygen.

3) Although the DELCD will not be damaged by large quantities of chlorine/bromine, there is a short term
loss of sensitivity for an hour or so following the injection of 1 ul of Methylene Chloride for example.

4) When possible quantitate by the internal standard method, using a chlorinated/brominated compound for
the internal standard peak. Using an internal standard will correct for changes in the DELCD detector’s
response.

B

DELCD linearity in high

sensitivity mode is shown at

Ten to 1000 picograms of right from 10 to 1000
A Trichloroethylene ( TCE ) picograms (10-1000PPB).

At levels above 10
nanograms, the detector is
saturated.




DETECTORS
Electron Capture Detector - ECD

OVERVIEW

TheElectron Capture Detector (ECD) issel ectiveto e ectronegative compounds, especially chlorinated,
fluorinated, or brominated molecules. It issensitiveto someof these compoundsinthe partsper trillion (ppt)
range. The ECD detector requiresnitrogen or argon/ 5% methane (P5) to operate. The ECD detector is
mounted immediately adjacent to theright rear column ovenwall onyour GC chassis. Two BNC cables
connect the anode and cathode, respectively, to the ECD amplifier. The ECD detector consistsof astainless
steel cylinder containing 5 millicuriesof radioactive Nickel 63inan oven enclosurethat isthermostatically
controllablefrom ambient temperatureto 375°C. Sincethedetector containsonly 5 millicuriesof Nickel-63,
the ECD iscovered by a“Genera License” requiring aperiodic wipetest and thefiling of aformwith your
state’s Department of Health. The documentation necessary to authorize your possession of aradioactvie
sourceisincludedinthe ECD manual from Val co, themanufacturers. Thisdocumentation transferspossesson
of theECD directly toyoufrom SRI; providesthe ECD ingtalation serviceand the GC. Therearefour
important documentstolook for: 1) Certification of Sealed Source, 2) Conditionsfor Acceptanceof aGenerdly
Licensed Device, 3) Test Specifications, and 4) Record of Source

Transfer. Valco may print your address on the multiple copiesof
the Record of Source Transfer, which areto be completed by
you and filed with the appropriate state and local authorities.

The other documentsremain with the ECD detector, and

Parts kit arenecessary to prove authorized possession of the ECD.

containing
test resistor

ECD IHT'I‘EJ'MH i 1
Detector v

Trimpot setpoints e e e o e

30

s sy e b

Itisimperativeto
completethe Record of
Source Transfer and forwarditto ===
proper authorities, andtofamiliarize
yourself with therequirementsof your
+ Generd License. Youmust aso keep
onfilethe Cerification of Sealed
Sourceand Test Specifications,
which are proof that your
ECD detector meets
regulations

Your name &
address here

FeE & 8 & & &

Close-up view of the ECD detector
onan SRIGC




DETECTORS
Electron Capture Detector - ECD

Theory of Operation

Theradioactive Nickel 63 sealed insidethe ECD detector emitsel ectrons (betaparticles) which collide
with and ionize the make-up gas molecules (either nitrogen or P5). Thisreactionformsastable cloud of free
electronsinthe ECD detector cell. The ECD electronicswork to maintain aconstant current equal to the
standing current through the el ectron cloud by applying a periodic pulseto the anode and cathode. The
standing current valueis selected by the operator; the standing current val ue setsthe pul serate through the
ECD cell. A standing current value of 300 meansthat the detector el ectronicswill maintain aconstant current
of 0.3 nanoamperesthroughthe ECD cell by periodicaly pulsing. If the current dropsbel ow the set standing
current va ue, the number of pulsesper second increasesto maintain the standing current.

ECD Detector Operational Diagram

Sample-laden

carriergas  Makeup gas - Standing
inletinlet “~ current (equal
J/ \L . | and opposite to
ECD cell the cell current)
Electroncloud ( +  oims [
\ = ANODE " ; e - | ~—ﬂ
Nickel 63 foil 5 i Integrating amplifier
e | CATHODE |
L > Gas outlet
Voltage-controlled
- variable frequency <
|- Frequency/voltage| >‘ Analog voltage output pulser
Offset control =N converter to PeakSImple data
system

When el ectronegative compoundsenter the ECD

cdl fromthe column, they immediately combinewith Example Pulse Trains

some of thefree electrons, temporarily reducing the

number remaining in the electron cloud. Whenthe T _‘ L
electron population is decreased, the pulse rate is _

increased to maintain aconstant current equal to the Detector electronics pulse to maintain the
standing current. The pulserateis converted to an standing current

anal og output, which isacquired by the PeakSimple ‘ || ‘ ‘ ‘ B | | ‘ ‘ || ‘ ‘ |
datasystem. Unlikeother detectorswhich measurean _ . J
increaseinsigndl response, the ECD detector electronics The pulse rate is increased in the presence of
measurethe pul serate needed to maintain the standing electronegative compounds

current.
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Electron Capture Detector - ECD

Expected Performance

ECD Noise Run

.R..-'F PeakMT
File Edit Yiew Acguisdtion Help
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Column: 15m MXT-5 capillary

ECD NOIEE RUN

Carrier: Helium @ 10mL/min 100000 [ A4 535d0 T ehoDEFAULT.CON

Makeup: Nitrogen @ 60mL/min
ECD Temp: 250°C

ECD standing current: 300
Offset before zeroing the data
system signal: 280mV
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ECD noise averages less than 1mV from peak to peak
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Sample: 1uL 200ppb chlorinated
pesticides

Column: 15m MXT-5 capillary

Carrier: Helium @ 10mL/min

Makeup: Nitrogen @ 60mL/min

ECD temp: 250°C

ECD standing current: 300

Results:
Component Retention Area
Pesticides  2.850 45792.4350



DETECTORS
Electron Capture Detector - ECD

General Operating Procedure

Thefollowing suggestions are specific to your ECD-equipped GC. Consult theValco ECD detector
manual for carrier gaspurity requirements, carrier gas system configuration, and other general ECD detector
information. Keep in mind that the el ectronics shematicsin the Valco manual do not apply to your ECD-
equipped GC.

—

DETECTOR

1. Cap off thecarrier inlet tothe ECD cell (inthe column oven). PARAMETERS !
i * & & & & & B
2. Connect the makeup gasand let it flow through and purge the ECD cell. St se e
Makeup flow is40-100mL ; typically 60mL. e« » o o s 0 0
3. Heat the ECD detector to 150°C to verify that the baseline noise and offset : ? : : . : ;
arenormal. 150°Cishot enoughto evaporate off water but low enoughto avoid e B ey :
oxidation of thenickel foil which can occur at hightemperaturesinthepresence oG- et
of oxygen. Onceyou have verified the ECD’ soperation at thistemperature, you (R G e
may hesat it to higher temperatures. e e D _|_
4. Turnonthe ECD standing current (the ECD current ON / OFF switchis E"‘E‘" : : :

located on the front control panel of the GC, under “DETECTOR :
PARAMETERS’). Asaruleaof thumb, an ECD detector requiresenough nitrogen ECD Sct)al\r: /cé')anFCsVUian;
makeup flow (40-100mL/min) to significantly dilutethecarrier in order to help
keep detector noisedown; the ECD cantoleratea6:1 ratio of nitrogen to helium.

Withthe carrier and makeup gas connected and flowing, check the

INJECTOR-DETECTOR-COLUMN OVEN offset from zero. Themillivolt reading should be between 100 and
2 .TE:'PE“T”EEB' . 500mV. If thesignal offset islessthan 100mV, the standing current
PR e P needsto beincreased. If thesignd offsetishigher than 500mV, the
s 8 0 8 8 8 o » e 0 standing current needsto bedecreased. Oncethesignal isrelatively
A L i quiet and stable, set thetemperatureto whatever isappropriatefor
k ; ° Pon e GEgl your analysisby adjusting the trimpot setpoint with theflat blade
CEEEE e Poa screwdriver provided.
1 * Ll L S 5. Whenthe ECD detector cell reachestemperature, let the system

gand until you get astablemilliVolt reading. Oncethesystem exhibits
astablebasdline, reconnect the column. Observethesignal inthe
presenceof thecarrier flow. If itissignificantly higher, itindicates
contamination introduced onthecarrier flow. 1f themilliVolt readingisstill relatively stablein the presence of
carrier flow, then sample may beinjected. Avoid sampleswith high concentrations of electronegative
compounds; they may effect ECD operation for sometimethereafter, asthey could taketoo long to dissipate.

ECD cell temperature display

6. You may need to adjust the ECD standing current using itstrimpot setpoint. Thetrimpot setpointsare
located on thetop edge of thefront control panel, directly abovethe display push-buttonsfor each controlled
zone. Remember, increasing the standing current increasesthe ECD’ssensitivity and rai sesthe basdline of fset.
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Electron Capture Detector - ECD

ECD Troubleshooting

If you are experiencing baseline offset and noi se problemswithyour ECD detector, try thefollowing two
diagnostictedts:

1. Verify that theECD amplifier electronicsareworking properly by removing thedetector fromthecircuit and
inserting a1000M Ohmtest resistor initsplace. The partskitinthetacklebox included with your GC under
thered lid containsa1000M Ohm resistor for thistest. Turnthe ECD current off. The anode and cathode
connections are BNC connectorslocated on the GC chassis near the base of the ECD detector housing.
Disconnect thesetwo BNC connectorsfrom the detector e ectronics, and install the 1000M Ohm test resistor
asajumper between the center conductor in the anode BNC jack and the center conductor in the cathode
BNCjack. Zerothedatasystem signal. Turnthe ECD current back on, and check thesignal offset (observe
themV readingin the upper right areaof the PeakSimple chromatogram window. Withthetest resstorinthe
detector’splace, thesignal offset should be 120-150mV with the standing current at 300. If thesignal offset
is pegged up or 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 thetest resstor ill in place, thenturning
it back onto seeif thesignal offset till indicatesaproblem. If thesignal offset isat zerowith thetest resistor
inplace, check to make surethat you arelooking at the correct detector channel. If you areobservingasignal

offset of zerointhe ECD detector channel, call technical support.

The ECD anode and cathode

are connected to the ECD ECD el .
amplifier via BNC cables Anode and cathode electronics test

BNC connectors

BNC cables from ECD

'1000MQ’

y3IHITdNY
as3 /

_______

Jas b= ] Anode Cathode

2. Operatethe ECD on make-up gasonly by disconnecting the column from the ECD. With the standing
current still set at 300, observethesignal offset and noise. If it drops, then the problemisbeing introduced into
the GC and ECD by the carrier gasthrough the column.

Tip: Inmost situations, the ECD will be used to detect sample componentsthat arereactivewith metal. Use
glass, fused silica, or fused silicalined metal capillary columnsto help avoid reactive sitesand ghost peaks.



DETECTORS
Helium lonization Detector - HID

Overview

The Helium Ionization Detector is a universal detector, responding to all molecules except neon. Itrequires
only helium carrier and make-up gas, and is sensitive to the low ppm range. The HID is particularly useful for
volatile inorganics to which the FID and other selective detectors will not respond, like NOx, CO, Co,,0,,
N, H,S and H,. It is a robust detector that, unlike the TCD, has no filaments to burn out. The HID

consists of a detector body, a collector electrode, an arc electrode assembly, and a thermostatted heater block
which can be heated to 375°C. In Buck GCs, the HID is mounted on the right-hand side of the Column Oven.

HID detector removed from GC and heater block

Collector

|H— electrode "1 Pointed
: | — electrode

Sample-laden
carrier gas inlet

N

Makeup
gas inlet

Detector body

Flat 1
electrode —!

Support brace —




DETECTORS
HID - Helium lonization Detector

Theory of Operation

The HID detector uses two electrodes which support a low current arc through the helium make-up
gas flow. The helium molecules between the electrodes are elevated from ground state to form a helium plasma
cloud. As the helium molecules collapse back to ground state, they give off a photon. The sample molecules
are ionized when they collide with these photons. All compounds having an ionization potential lower than
17.7¢V are ionized upon contact with photons from the helium cloud. The ionized component molecules are
then attracted to a collector electrode, amplified, and output to the PeakSimple data system.

Collector Ground
electrode electrode
A

A

Photons in the

make-up gas
stream
Helium plasma cloud
Sample-laden > N
carrier flow -——-->>-----j--eme oo > St { ------------------ }< ..... Makeup gas
n flow
lonization reaction: Purple arc
photons colliding
with sample - .
molecules
1O

Arc electrode

NOTE: Ifthe arc electrode is covered with Teflon™ (translucent) insulation, it should leave 1mm of'its tip
exposed. Ifthe flat electrode is covered with ceramic (white) insulation, then the tip should be flush with the
edge of the insulation sleeve. There should be a 1-2mm gap between the arc electrodes, and this gap should
be centered in the arc cross.
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Helium lonization Detector - HID

File Edit Yiew Acquisition Help

Expected Performance
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HID noise averages less than 100uV from peak to peak

Method: valve injection
Column: 1m (3’) Silica Gel
Carrier: Helium @ 10mL/min
HID gain = HIGH

HID temp = 150°C

HID make-up = 29psi @

40mL/min
Temperature program:
Initial Hold Ramp Final
50°C 1.00 10.00 220°C
220°C 10.00 0.00 220°C
Results:
Component Retention Area
02/N2 0.766 3350.0970
Methane 1.066 1163.1965
Ethane 3.550 2161.0940
Propane 8.083 3001.6200
Butane 12.850 3958.3250
Pentane 16.950 4849.9755
Hexane 20.800 5023.0105

total 23507.3185

HID noise run

Columns: 1m Mol. Sieve, 2m Hayesep-D
Carrier: Helium @ 10mL/min

HID gain = HIGH

HID current=70

HID temp = 200°C

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

Test Analysis of 1cc 1000ppm C -C

|4 PeakNT
Fite Edit Yiew Acquisition Help
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DETECTORS
HID - Helium lonization Detector

General Operating Procedure

1. Set the HID amplifier gain switch to HIGH for most applications from the ppm level to 1%. Use the
MEDIUM gain setting for slightly more concentrated samples.

2. Set the helium make-up gas flow to 40mL/min, and the helium carrier gas flow to 10mL/min. The make-up
gas flow is critical to the HID’s performance. With insufficient make-up flow, the chlorinated peaks will be
inverted on the chromatogram; see the chromatograms compared on the HID Make-up Gas Flow page. Clean,
high purity helium is best; moisture, air, and other contaminants can cause problems.

3. Set the HID temperature to 200°C. This temperature will help prevent moisture accumulation in the
detector’s arc assembly.

4. Zero the data system signal, then switch ON the HID current; the switch is located on the GC’s front control
panel under “DETECTOR PARAMETERS.” Set the HID current at 100 using the trimpot setpoint on the top
edge of the front control panel.

5. When the HID is OFF and the signal zeroed, and the HID is then turned ON, the milli Volt offset at HIGH
gain setting should be 200-800mV. A higher offset means more sensitivity, but less dynamic range. Ifthe offset
is less than 200, the arc and ground electrodes are probably too close.

6. Observe the arc window; if you can see the purple arc between the ground and arc electrodes, proceed to
step 7. Ifthe arc goes sideways to the detector body instead of down to the ground electrode, then the gap
between the electrodes is too large. If you cannot see the arc,

A. Use a multimeter to check the voltage between the arc and ground electrodes. With the HID
current at 100, the voltage reading should be greater than 200VDC (our readings average around
240VDC).

B. Look through the arc window at the arc and ground electrodes. Ifthey appear to be touching,
disconnect the red electrode lead wire then check the continuity between the electrodes using a multimeter;
the reading should be open or infinite.

C. Ifthe continuity between the electrodes is not open, re-gap the electrodes.

7. Let the milliVolt reading stabilize, then begin the analytical run.
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Helium lonization Detector - HID

HID Make-up Gas Flow

The following chromatograms were produced by a HID equipped GC. Excepting the make-up gas
flows, all run conditions are identical. The first chromatogram resulted from a make-up gas flow of 20mL/min.
Drastically different in appearance from the first, the second chromatogram was produced with a make-up gas
flow of 10mL/min. In the absence of sufficient make-up gas flow, the chlorinated peaks are negative. Not
every HID has the same optimum make-up flow; experiment with different flow rates until you find the best

range for your detector.
Sample: 0.5mL 1000ppm C.-C, Temperature program:
Column: 30m MXT1-5 Initial Hold Ramp Final
Carrier: Helium @ 10mL/min 50°C  1.00 10.00 140°C
@eeaer __________________________________________ H=H|
File Edit View Acquisition Help
[be@a&=BEN 2 3 a &) M fnfafn fa fo faffn fa o 3]0
LShL 1000PPH C| AID-CH1 [ |
16,000 A‘\A‘I.Bﬁ[l:thr.l'DEFAULT.CON |
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Component Retention  Area 2| Make-up: 20mL/min
Solvent 0.305 4791.9566 w W
Benzene 0.896 14.5888 §¢ 3
TCE 1.145 17.9614 i §
Toluene 1.790 19.6294 B - -
PCE 2.305 21.3786 o VA
Ethyl Benzene 2.998 23.5176 = \
Bromoform 3.221 22.0414
Ortho Xylene  3.470 26.3280
Total: 4937.4018
f.J
1.600
KK Blab]
0.000 5.000
I PeaknT AEE
File Edit View Acquisition Help
DSEGIS | BE|12 3 4 &
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Component Retention  Area 3 Make-up: 10mL/min
Solvent 0.381 1771.5762
Benzene 0.876 622.0096
TCE 1.266 527.2432
Toluene 1.771 571.1129 2 "R
Ethyl Benzene 2.993 379.2581 Cj‘i — R 8.8
Ortho Xylene  3.468 312.9010 £ Y B X
Total: 4184.1010 3 2 . -
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HID - Helium lonization Detector

Cleaning the HID

If your HID baseline seems noisy, try cleaning the electrodes following the steps below. Over time, the HID
electrodes can develop a coating of soot, which can cause the arc

J Green wire

(note that the green wire is
connected to the pointed
electrode, and the red wire is
connected to the flat

Red wire electrode).

2. Remove the the arc and
ground electrodes by loosening
the 1/8” fittings that hold the
electrodes in the arc cross.

e

3. Remove the collector electrode by loosening the 1/4” fitting that secures
it in the detector body.

4. Use a piece of 100-400 grain sandpaper to clean the surface of the
collector electrode and the point of the ground electrode. Sand the tip of
the arc electrode so that it is flush against the ceramic insulation, and to
remove any residue. While handling the electrodes, try to minimize hand
contact by holding them with a clean paper towel.

5. Remove any sanding residue from the electrodes using a paper towel
optionally moistened with methanol or another quick-evaporating solvent.

6. Replace the electrodes and check for
proper alignment. The collector electrode
should extend about 4mm into the detector
body. An existing screw clamp stop on the
collector electrode should allow replacement
4mm without readjustment. Should
adjustment be required, loosen

| thescrew clamp to position the
H electrode, then tighten it to hold
the position. To position the arc

and ground electrodes, remove the arc cross from the detector body by
loosening the 1/4” fitting connecting the two parts of the detector (this

Screw
clamp
stop —ami_y

fitting also secures the support brace). The ground and arc electrodes should have a gap of
about 1-2mm (0.040-0.080") between them, with the gap centered in the arc cross. Hold

Ground electrode

to flicker or change position, resulting in sudden baseline jumps.

1. Unclip the amplifier lead and slide it off the collector electrode.
Unclip and remove the leads from the pointed and flat electrodes

f

e

Use the arc window
to check arc and [}
ground electrode |
positioning. 0

the arc cross up to the light and verify the electrodes’ positions by looking through the arc
window. Once the electrodes are positioned, tighten them securely with a wrench.
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Photo lonization Detector - PID

Overview

ThePhoto | onization Detector (PID) respondsto dl moleculeswhoseionization
. potentid isbelow 10.6eV, including aromatics and mol eculeswith carbon double
'_c C bonds. The PID isnondestructive, so the sample can be routed through the PID
' " and on to other detectors. It isoften usedin serieswiththe FID and/ or DELCD.
PID detection limitsfor aromaticsareinthe ppb range; purgeand trap concentration
of the sample canlower detection limitsto the ppt range. Because of itsselective
sengitivity, useof the PID ismandated in several EPA methods. The PID detector consistsof a10.6 electron
volt (V) UV lamp mounted on athermostatted, |ow-volume (100uL ), flow-through cell. Thetemperatureis
adjustablefrom ambient to 250°C. Threedetector gainlevels(LOW, MEDIUM and HIGH) areprovided for
awiderange of sample concentrations. The PID lampisheldin place by aspring-loaded plate, so that the
lamp may be quickly removed for cleaning and replaced without any special tools. ThePID canrunonair
carrier for gadessoperation, or for stream monitoring gpplicationswheretheentire stream of sampleisdirected
through the detector (no columnisused).

Benzene

B . . ,
SR [ 11111111 T TTTE e

LTI LR TR T T I
LTV LRLLRE TR IR LI T

[ILLLL == LT

Asnvnm
T
110 PID N

stand-alone detector [l

PID in series
witha DELCD
andanFID on
a910
chassis

©

Spring-loaded

Y High voltage band in black plastic
retaining plate

hood over lamp anode ring

!
- ¥
N

100pL detector cell
(the areain the
center of the
Teflon™ seal ring)

Heater block

BNC connector to amplifier

Collector electrode

support union Amplifier gain switch

Collector electrode
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Photo lonization Detector - PID

Theory of Operation

10.6eV PID Lamp

(Part # 670-1242) ThePID designusesa 10.6eV lamp

withahighvoltage power supply. Sampleladen
carier gasflowsfromtheanaytica columninto
the PID sample inlet, where it is streamed
through a 100uL flow-through cell. When
sample moleculesflow into thecell, they are
bombarded by the UV light beam. Molecules

Anod 7 .
| ri:g(;) ®  withanionization potential lower than 10.6eV
J release an ion when struck by the ultraviol et
! 200¢€0 photons. Theseionsareattracted toacollector

- 9 0l electrode, then sent to theamplifier to produce
TN an analog signal, which is acquired by the
| = PeakSimple datasystem.

A Unlikeother PID designsthat heet theentire
H Cathode lamp, only thelampwindow of theSRI PID is

Partial PID Assembly -

Exploded View

ifn'l

PID lamp ——

W
Teflon™seal |
(part# ]

8670-1244) \ [

Collector
inlet

~ —base heated. Thisresultsinalonger lamp lifefor
— PID detectors.
Simplified PID Operational Diagram
Teflon™  Spring-loaded
100pL PID seal retaining plate
Ferrule detector cell \ []
Sample-laden  Analytical !

NOTE: The end of the
column must be visible in
the detector cell when the
PID lamp is removed from
the retaining plate. It should
be approximately 1mm from
the lamp window when the

carrier gas
inlet (from the
column oven
on 910 &

310 GC'’s, or
the heated
transfer line on
110 models)

column\
> =

e E | I_ iy
lons arev ||

PID lampis in place.

High voltage band inside
the black plastic hood

attracted L 1| (must make contact with
The PID cell effluent flows around the to the '. | the lamp anode for PID
column back to the PID sample gas collector '-l-- = L operation; do not adjust
outlet, which is connected to the next electrode unless the main GC power
detector in series or vented to | i is turned OFF)
insi Collector =
atmosphere inside the column oven . C_ Collector
| electrode .
gy -| electrode PID high
T—h pport
Heater block = union i voltage
| N — lead
Column ovenwall —— || S
LI Collector electrode

signal cable
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Photo lonization Detector - PID

([ PeakmT
File Edit View fcquision Help
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PID noise averages less than 50uV from peak to peak

PID gain: LOW
PID temp: 150°C
PID current: 70
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PID BTEX Analysis (in series with FID and DELCD)

Sample: 1uL 100ppm
BTEX plus

Column: 15m MXT-VOL
Carrier: Helium @ 10
mLs/min

PID gain: LOW

PID temp: 150°C

PID current: 70

Temperature program:
Initial Hold Ramp Final
40°C 2.00 15.00 240°C

240°C 10.00 0.00 240°C

il PeakMT

Results:
Component Retention Area
Benzene 2.416 313.0540
TCE 3.066 231.5120
Toluene 4.600 309.2120
PCE 5.433 216.6230
Ethyl Benzene 6.700 286.0900
Ortho Xylene 7.383 298.9190
Bromoform 7.650 55.9460
Total 1711.3560
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DETECTORS
Photo lonization Detector - PID

General Operating Procedure

The capillary column entersthe PID cell frominside the column oven through the bulkhead fitting inthe
insulated ovenwall. The column may beinstalled withthelampinplace. Insert thecapillary columnintothe
PID detector inlet until the column stopsat thelamp window insidethe PID cell, then pull it back about 1mm
fromthelampwindow. Tightenthe /8" nut with thegraphiteferruleat the PID inlet to securethecolumnin
place. Thecollector electrodeispositioned at the factory and should not touch the column under normal
circumstances.

1. Alwaysensurethat the black plastic hood isin place onthelamp prior to operating the PID detector. The
hood containsthe high voltage band which ismaintained at ahigh potential; never attempt to adjust the PID
high voltage band unlessthe main GC power isturned off.

2. TurnON the GC. Turn ON thePID lamp current The violet light is visible here when the lamp is on
withtheflip switch onthe GC'sfront control panel.

3. Setthe PID current to 70 (= 0.70ma) with the

trimpot setpoint on the top edge of the GC’sfront

control panel. Use the flat blade screwdriver

provided with your GC to adjust thetrimpot. The

lamp should emit aviolet-coloredlight visibledown N

the center of thetube. \ &
PID - Close-up topview

4. Confirm that the lamp is operating at or near

0.70ma by pressing the PID detector ACTUAL

display button onthefront control panel. The sensitivity of thelamp increases proportionally to the current
applied, but operation at higher currentsreduceslamp life. The PID operating current rangeis 70-125. A
setting of 70 should providethe user with sufficient sensitivity andlamp durability. Maost PID applicationscan
be performed using LOW gain.

5. Set the PID temperatureto 150°C.

6. Oncethedetector hasreached temperature and the signal appears stable, sample may beintroduced.

NOTE: Lampsareaconsumable part of the PID detector. Itisrecommended to haveasparelamp available
if critical analysesare being performed at remotefield sites. Spareand replacement 10.6eV PID lampsare
availableunder part number 670-1242. Teflon sealsare available under part number 670-1244.
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Photo lonization Detector - PID

Troubleshooting and Maintenance
Cleaning the PID Lamp

The PID lamp window
Over time, during normal operation, afilm of contaminantswill condenseonthe

PID lampwindow. Typically, thisfilmisaresult of stationary phasecolumnbleed. To
minimi ze contaminant condensati on and thuslamp window cleaning, avoid heeting the
column any higher than absol utely necessary. Contaminant condensation can block
the photons, reducing lamp emissonsand sensitivity. Therefore, thePID lampwindow
must be cleaned when an appreciable changein sengtivity hasbeen observed by the
operator. Because the response change resulting from cleaning the lamp window
usually requiresdetector recalibration, frequent cleaning isnot recommended.

1. TurnthePID current OFF with the switch onthe GC’sfront control panel. Turnthe GC OFF andlet the
PID detector assembly cool enough to touch it without getting burned.

2. Disconnect the high-voltage band from thelamp anode by removing
theblack plastic hood.

3. Grasp the spring-loaded retainer plate with thefingers of one hand
and push or pull it toward the PID lamp; it doesn’t take much forceto
movetheplateenough for lampremova. SlidethePID lamp up and out
of the PID detector assembly.

4. Cleanthelampwindow usingamild abrasive cleanser likeBon Ami
or Comet. Wet your finger, and make apaste with asmall amount of
cleanser. Scrubthelamp window cleaninacircular motionwithyour finger.

5. Rinsethelamp window clean withwater. Dry thelamp with apaper towel.

6. Inspect the Teflon™ sedl for cutsor nicks. A damaged sedl will not affect the The collector electrode
PID response, but it may provide aleak site that will reduce the amount of protrudes into the cell
sampledelivered to any subsequent detector.

7. Withthelamp removed, the collector electrodeisvisiblewhereit protrudes
into the cell. Check the collector electrode for any visible residues, films,
discolorations, etc. If present, they may impedetheflow of ionsfromthe sample

moleculesto the collector electrode. To cleanthe collector eectrode, gently use Teflon™ seal
asmall filetoremoveany residuesfromitstip. Blow theresidue _ .
off the collector el ectrode and surrounding aress. Make sure the lamp window is centered

over the Teflon seal and snug against it
8. Open the spring-loaded retainer plate and replace the PID
lamp shug againgt theseal. Thelampwindow hasadightly larger
diameter than the seal; try to center it against the seal. Replace
the high voltage band / black plastic lamp hood.

9. Recdibratethe PID detector beforereturning it to service.
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CCD - Catalytic Combustion Detector

* Hydrocarbon and H, Selective g ffé;ﬁfiﬁ?f tz%r?glosoh;;:;
e Detects Down to 500ppm g methanol from acetone using

. . a l-meter Hayesep-D
¢ Gas-less Operating Capability packed column at 150°C and

air carrier from the GC’s

built-in air compressor. The

negative peak at the begining
&Of the run is water.

¢ Inexpensive and Rugged

e Built-in Spare!

€
Sensor
elements
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\ (enlarged) Vv
| enlarge #

/ The CCD is about as sensitive as a TCD, but it has the

? METH 1316 [
I
~
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hydrocarbon selectivity of an FID while capable of j

operating on air alone. Because the CCD needs no

The CCD housing is about 1cm in diameter. Inside, compressed gases like hydrogen or helium, it can be used "'
there are 2 sensor elements consisting of a platinum inthe Gas-less™ GCs where a built-in, “whisper quiet” ;
wire embedded in a catalytic ceramic bead. air compressor supplies the ambient air carrier gas. ;
The CCD 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.

AT

The CCD detector sensor is rugged and can be expected to last a long time. A second sensor is included in
the detector housing at no extra cost, providing a built-in replacement should the first sensor become inoperable.
Replacement sensor sets install in minutes without tools and are very economical, making this detector a
good choice for academic settings where the detector may be damaged by inexperienced operators.
a2 7
The Catalytic Combustion Detector consists of a tiny coil of platinum wire embedded in a catalytic “‘7// -
ceramic bead. A small electric current flows through the platinum coil, heating the ceramic bead to 12
around 500°C. The CCD is maintained in an oxidative environment typically by using air carrier gas. ~
When a hydrogen or hydrocarbon molecule impacts the hot bead, it combusts on the surface and
raises the temperature and resistance of the platinum wire. This resistance change causes the
detector output signal to change, thus producing a peak. The brass detector housing is mountedon
a stainless steel bulkhead fitting, which is secured directly to the wall of the GC column oven. ,%
o

——

8690-2007 CCD detector
8670-2007 Replacement CCD detector housing (2 sensors in 1 housing)

C GC Detectors
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Flame Photometric Detector - FPD

Overview

The Flame Photometric Detector is similar to the FID in that the
sample exits the analytical column into a hydrogen diffusion flame.
Where the FID measures ions produced by organic compounds
during combustion, the FPD analyzes the spectrum of light emitted
by the compounds as they luminesce in the flame. The detector
chamber must be light tight so that only light from the flame will be
“seen” by the photomultiplier tube (PMT) and analyzed. The FPD
uses a second hydrogen flow to purge the optical path between the
PMT and the hydrogen diffusion flame. This second hydrogen flow

helps to augment the FPD sensitivity by making
the flame hydrogen rich. The FPD also uses a
second air flow directed across of the face of
the PMT to prevent helium and/or hydrogen
molecules from permeating the PMT’s glass
window and causing malfunction. This purge
air is vented to atmosphere through a short tube,
coiled to prevent light from reaching the PMT.
The FPD uses one of two available band pass
filters to selectively detect compounds
containing sulfur or phosphorus. Compounds
containing phosphorus are detectable with the
526nm filter, which is yellow on one side. The
394nm filter (blue on one side) allows detection
of sulfur-containing compounds. While not
completely selective, the FPD is 100,000 times
more sensitive to sulfurous and phosphorous
compounds than it is to hydrocarbons. Sulfur
compounds like H,S or SO, can be detected
down to about 200ppb; phosphorus

i
=l INNIEssssasssassnnssns
nnnmnminnmnnmm

FPD/FID
detector

FPD detector equipped with an FID collector

FID collector
electrode

PMT
housing
air purge
outlet

Bandpass
filter and

Hydrogen &

air supplies

IAL AV

compounds can be detected down to 10ppb. To detect
phosphorus and sulfur at the same time, the Dual FPD,
featuring two PMTs, may be used. The single or dual FPD
may be equipped with an FID collector electrode and
electrometer which will detect the hydrocarbon peaks as
the PMTs are responding to the sulfur and phophorus
compounds. Because the hydrogen-rich flame required for
optimum sulfur and phosphorus detection is not optimum
for the best hydrocarbon response, the FID in combination
with the FPD is less sensitive than a pure FID response.

MED COLLECTOR

n{" GAIN




DETECTORS
Flame Photometric Detector - FPD

Theory of Operation

The FPD uses one of two available band pass filters over a photomultiplier tube (PMT) to selectively
detect compounds containing sulfur or phosphorus as they combust in the hydrogen flame. When compounds
are burned in the FPD flame, they emit photons of distinct wavelengths. Only those photons that are within the
frequency range of the filter specifications can pass through the filter to the PMT. The PMT converts the
photons it “sees” through the bandpass filter to an analog signal, which is acquired by the Peak Simple data

system.

Simplified FPD Schematic

= —> Exhaust tube
i
I—J_\
Jet T 71 Ignitorblade
Ignitor
Column .
effluent—> —
i
.
7 5: Ferrule
Air S
. inlet @
P.nmary !—Iz v Bandpass filter over
inlet to jet " PMT window (394nm
for sulfur, 526nm for
Secondary H, inlet—> H, phosphorus)
into PMT housing

Purge air inlet — —— ——— —> Purge air outlet
L 1

Stainless steel
retaining nut

— Photomultiplier

Rubber o-ring— tube (PMT)

Photomultiplier signal

i ™
Split Teflon™ ferrule cable to amplifier

10-pin socket
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Flame Photometric Detector - FPD

|48 PeakNT
File Edit View Acquisiti Help

Expected Performance
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FFO NOISE RUN I

1.000 [A13563na27.chiDEFAULT.CON
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FPD Noise Run (FID/FPD Combo)

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

ol =12

VY

FPD noise averages less than 100pV
from peak to peak

FPD gain: HIGH

FPD temp: 150°C

FPD PMT volts: -400

FPD H,: 60mL/min (30mL/min for each of
the two hydrogen flows)

FPD air: 100mL/min

-1.000

4]« 1

7.000

lar
£.000

FPD Sulfur (FID/FPD Combo)

Sample: 1cc 10ppm H,S in 3 replicate L —— ==l
injections to demonstrate the EEEICIEY HDEEREE
consistency of the FPD response 1€ 10 PPM H2{FFD I I
Colung 15m MXT'1 2048.000 ﬂf\3553303.chiFDEF.:JULT.CON |
Carrier: Helium @ 10mL/min £ B w
FPD gain: HIGH; FPD temp: 150°C ﬁ % 5
FPD PMT volts: -400 g i z
FPD H,: 60mL/min (30mL/min for each of the é g 8
two hydrogen flows) x z g
FPD air: 100mL/min )
Temperature Program: =
Initial  Hold Ramp Final
60°C  60.00 0.00 60°C
Results:
Component Retention Area
Hydrogen Sulfide 6.550 5216.6680 -204.800
Hydrogen Sulfide  7.533  4828.8710 B8 - a0
Hydrogen Sulfide 8.516 4810.5420
Total 14856.0810
B PedkNT HEIE FPD Phosphorus
_Ellc Edit ¥iew Acquisiion Help
DRI &= BE[1]2 3 48
4L10 PPN NAL[FFOFD-CONED | I Sample: 1L 10ppm malathion
512.000 | AN2497a16.chiiDEFALULT.COMN | Column 15m MXT_1
Carrier: helium @ 10mL/min
z FPD PMT volts: -400
5 FPD H,,: 30mL/min
= FPD air: 100mL/min
@é FPD temp: 250°C
= Temperature Program:
Initial  Hold Ramp Final
225°C 10.00 0.00 225C
Results:
1,200 Component Retention Area
ok 2L Malathion ~ 4.916 2819.0520
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Flame Photometric Detector - FPD

General Operating Procedure

1. Set the hydrogen flow to 60mL/min. This correlates to a flow of 30mL/min each for the primary and
secondary hydrogen. Set the air supply to 100mL/min. The air supply tubing is T"d inside the GC so that 10-
30mL/min of air flows across the face of the PMT. Set the carrier gas flow between 5 and 20mL/min.

2. Use the switch on the GC’s front control panel to light the FPD flame. Sometimes the flame is difficult to
light because of the hydrogen-rich atmosphere inside the FPD detector body. If you are having difficulty
lighting it, make sure the PMT voltage is OFF, then remove the cap on the FPD exhaust port and try the ignitor
switch again. When the flame lights, there will be a loud noise like the backfiring of a car; this is normal and
does not indicate a problem. KEEP YOUR FACE AWAY FROM THE DETECTOR WHILE LIGHTING
THE FLAME; the loud noise is accompanied by a flash of flame. Replace the exhaust cap nut after lighting the
flame.

3. Switch on the PMT voltage and set it to 400 by using the provided flat blade screwdriver to adjust the
trimpot setpoint on the top edge of the GC’s front control panel (vertically labeled “PMT VOLTS” under
“DETECTOR PARAMETERS”).

4. Set the FPD temperature to 150°C by adjusting the appropriate trimpot setpoint. Set the FPD gain to
HIGH. Allow the FPD signal to stabilize, then inject the sample.

Optimizing Sensitivity

To optimize your FPD detector’s sensitivity, inject the same sample at varying air and hydrogen pressures
and observe the fluctuations in sensitivity.

1. Inject sample and observe the FPD response.

2. Turn the air up a tiny bit, less than 1psi, inject sample and observe the FPD response again. If you see an
improvement in sensitivity, adjust the air up a little more, inject again and observe the response. Keep adjusting
the air pressure up until sensitivity drops again to find the window of optimum sensitivity.

3. Ifthere is no improvement in sensitivity after turning the air up, turn the air down less than 1psi, inject
sample and observe the FPD response. If you see an improvement in sensitivity, adjust the air down a little
more, inject again and observe the response. Keep adjusting the air pressure down until sensitivity drops again
to find the window of optimum sensitivity.

4. Now, turn the hydrogen pressure up 1-2psi and re-optimize the air. Repeat this until you’ve found the
optimum air and hydrogen pressure settings.

Note:

When a large hydrocarbon peak elutes simultaneously with a target sulfur compound, the hydrocarbon
peak will quench the sulfur response. For this reason, we recommend the addition of an FID collector
electrode to the FPD detector body. The FID collector electrode will allow the operator to “see” the hydrocarbon
peaks and their retention times, so that chromatographic separation can be optimized for the elution of sulfur
compounds.
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Switching Between Sulfur and Phophorus Modes

The bandpass filter specified when the instrument was ordered comes installed in the FPD detector assembly.
There are two options for switching between sulfur and phophorus modes. You can purchase either an
additional filter or an additional PMT housing and switch them as necessary. Phosphorus wavelength filters are
available under part number 670-0083; sulfur filters are available under part number 670-0082. A
PMT housing with a bandpass filter of the other optional wavelength specifications is available under part
number 670-0084 (specify sulfur or phosphorus).

1. Turn OFF the GC power.

2. Unplug the BNC cable connecting the PMT to the amplifier. | gosen
Disconnect the secondary hydrogen and both air supply linesat ~ this fitting I R y
their bulkhead fittings on the GC deck. N $ o |l _

[ — N ,»7"’:5\’\\//
3. Remove the heater block cover by unscrewing the philips S (
head screw on top of'it. Slide the cover up and off the block,
and carefully remove the white insulation.

4. Loosen the 1/8” Swagelok fitting that secures the FPD detector
assembly on the heater block enough to gently rotate the FPD

GC front
assembly about 45° toward the front <o
- of the GC (see the Front View and Front view Side view

Loosen /
this fitting / Side View illustrations to the right).

Slide the PMT \/}% 5. Stabilize the FPD assembly while you loosen the 1/4” Swagelok fitting that
housing out /. secures the PMT housing to the FPD detector body. Slide the PMT housing out
Egghye FPD “’ of the detector body. If you’re switching PMT housing assemblies, set aside the

PMT housing you just removed and skip to step number 7. If you’re switching
filters, proceed to the next step.

6. Unscrew the PMT housing stainless steel Use these
retaining nut, then set it (with the PMT and its depressions
socket) aside. The bandpass filter is screwed ~ for filter removal
into the top part of the PMT housing against a
black o-ring, and has 2 depressions in its frame. It can be unscrewed using

open needle-nosed pliers but you must be very careful not to damage or Filter inside PMT
scratch the filter. FPD sensitivity will be reduced if the filter is improperly housing assembly
installed or dirty.

6. Inspect the black o-ring for any nicks or cuts and replace it if necessary. Place the alternate filter, with its
colored side facing down toward the PMT, into the top part of the PMT housing against the black o-ring and
tighten it. Remember, it must be light-tight and gas-tight. Replace and tighten the stainless steel retaining nut
with the PMT in its socket.

7. Slide the top of the PMT housing containing the alternate filter into the FPD detector body, and tighten the
1/4” fitting that secures it in place.

8. Gently rotate the FPD assembly back to its original angle, and tighten (with a wrench) the 1/8” fitting that
secures it to the heater block. Reconnect the gas supply lines and the BNC cable. See the note on the
following page regarding proper jet positioning.
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Troubleshooting and Maintenance

Changing the Photomultiplier Tube (PMT)

The Photomultiplier Tube (PMT) is a consumable part, and will eventually need replacement.
Additional PMTs are available under part number 670-0080.

1. Follow steps 1-4 on the “Switching Between Sulfur and Phophorus Modes” page.

2. Unscrew the stainless steel retaining nut and remove it,
with the PMT and its socket, from the FPD assembly. Slide
the retaining nut down the PMT amplifier lead to access
the PMT.

3. Unplug the PMT from its socket. Remove the split
Teflon™ ferrule and black o-ring from the PMT, inspect
them for any damage, and replace them if necessary.

4. Slide the Teflon™ ferrule and black o-ring onto the new
PMT. Plug the new PMT into the socket.

5. Slide the stainless steel retaining nut up and around the
PMT, and screw it into place.

6. Gently rotate the FPD assembly back to its original
angle, and hand tighten the 1/4” fitting that secures it.

7. Reconnect the BNC cable and the gas supply lines.

Note: When your FPD detector was assembled at the
factory, the ignitor and jet (and collector electrode, if
present) were all properly positioned within the FPD body.
It is advisable to familiarize yourself with their proper
positioning in case they require adjustment. Remove the
1/4” Swagelok cap nut on the FPD exhaust port to see
inside the detector body. Use a small flashlight to see the
position of the jet inside the FPD detector body. The jet’s
tip should be flush with the cylindrical wall of the opening
that you’re looking through, and just barely visible from a
slight angle. When looking straight down into the opening,
you should not be able to see anything protruding into it.
To adjust the jet, loosen or tighten the 1/4” Swagelok fitting
to move the jet forward or backward. Keep in mind that
if the jet actually protrudes into the PMT’s line of sight, it
could interfere with the FPD’s performance. The ignitor
should be similarly positioned across from the jet, with the
tip of its blade just visible but not protruding into the FPD
detector body chamber. To adjust the position of the ignitor,
loosen the 1/4” fitting enough to move the ignitor forward
or backward as necessary. Tighten the fitting when the
ignitor is properly positioned. Ifthere is an FID collector
electrode installed on the FPD detector assembly, it must
be positioned in the same manner.

PMT Housing
Assembly

Black o-ring

Bandpass
filter

Photomultiplier Black o-ring

Tube (PMT) Split Teflon™
ferrule

10-pin socket

Top view of FPD with exhaust cap nut removed

| ] ]
- =
Use this 1/4” fitting Ignitor fitting
to adjust the
position of the jet I
Collector
fitting

[

——

An angled view reveals the tip of the jet




Column Installation in the Buck Model 910 and

Model 310 Gas

Chromatographs

equipped with the on-column injector

Buck Gas Chromatographs are designed |

to use both packed and capillary col-
umns. The Model 910 has an oven
which allows for columns coiled on a

7”7 (17.5 cm ) diameter or smaller, while
the Model 310 GC ( which has a smaller
oven ) can fit columns coiled on a 5” di-
ameter or smaller. The column installa-
tion procedure is identical on either GC
since both GCs use the same injector
and detector hardware. Only the oven
size is different.

The most common type of column used
with Buck GCs is the MXT type. This is a
fused silica lined stainless steel capillary
column which is very durable and easy
to use. lItis available in many different
coil diameters, lengths and tubing di-
ameters. Buck typically suggests using
the .53mm internal diameter tubing size
( sometimes called a “megabore” or
“‘wide bore” capillary column. We nor-
mally have the columns coiled to a

3.5” ( 9cm ) diameter so they fit easily in
either the 910C or 310 column oven.

.53mm wide bore MXT metal capillary on 3.5” bundle

Column Installation pagel

| 1/8” Packed Column | .25mm capillary on 7” cage




Column Installation in the Buck Model 910 and
Model 310 Gas Chromatographs

Buck GCs can be factory equipped with
several types of injectors. The most
common is the “oncolumn” injector
which is suitable for .53mm capillary,
1/8” packed and ( in some cases ) nar-
row-bore capillary columns ( where the
sample does not require splitting ).

To install a 1/8” packed column in the
on-column injector, slide a 1/8” swagelok
nut and brass ferrule set ( front and back
ferrule ) on one end of the column. We
like to use a stainless steel nut becase
at temperatures over 200C a brass nut
discolors and starts to become very soft.
We like brass ferrules because they
seal better than stainless ferrules espe-
cially the second of third time they are
removed and re-tightened.

Slide the column into the orcolumn in-
jector from the oven side until it bumps
up against the septum. Pull the column
back about 1 centimeter and tighten the
nuts and ferrules using a 7/32” wrench.
If you tighten the column with the end of
the column touching the septum, this
could stop the carrier gas flow since the
septum would seal the end of the col-
umn.

Some packed columns purchased from Buck
have a gash near one end of the column
specifically to provide a
path for the carrier gas in
the event it is installed
with the end of the col-
umn jammed up against
the septum

Gash in column

Column Installation page2

Septum nut with
septum inside

equipped with the on-column injector

1/8” stainless steel swagelok nut




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the on-column injector

Bend the column gently so it lines up
with the detector bulkhead fitting. Attach
a stainless swagelok nut and brass fer-
rule set to the end of the column. It's a
good idea to
first tighten
the nut and
ferrule into a
standard
swagelok fit-
ting so the
ferrule is po-
sitioned at a
standard depth from the end of the col-
umn tubing.

Then tighten the end of the column into
the detector bulkhead fitting using a
7/32” wrench. The detector shown in the
photo is an FID detector mounted in de-
tector location #2 along the right hand
side of the column oven. Other available
detectors may appear slightly different or
be mounted in positions #1, #3 or #4
along the right hand side of the column
oven but all detectors will have 1/8”
swagelok connectors to attach the col-
umn to.

Some packed columns may be made of
glass or may be packed with fragile
packing material and it is not possible to
bend the column. In this case, attach
some empty tubing to the end of the col-
umn and bend the empty tubing to con-

nect to the detector. 1/16” stainless tub- | [ SRS

ing is ideal for this. Use a hard graphite
reducing ferrule to connect the 1/16” tub-
ing to the 1/8” detector bulkhead.

1/8” to 1/16”
reducing fitting

1/16” stainless
steel tubing

Column Installation page3

1/8” to 1/16” hard
graphite reducing ferrule




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the on-column injector

To install a .53mm capillary column in
the on-column injector you will need two

1/8”" to 1/16”

1
Wide bore column adapter

reducing fitting

1/8” swagelok nuts, two 1/8” to .8mm
soft graphite reducing ferrules, the Buck
wide bore column adapter, a triangle file
to cut the column and a 7/32” wrench.

You have the option of using a swagelok
1/16” to 1/8” reducing fitting and 1/16”
ferrule instead.

You can use MXT type metal ( strongly pre-
ferred ) capillary columns as shown, or regu-
lar fused silica columns. The regular fused
silica columns are more likely to break espe-
cially in the injector due to the syringe frac-
turing the fragile fused silica.

Remove the septum nut from the outside
of the oven. Now is a good time to in-
spect and change the septum if it is
worn.

Slide a 1/8” stainless steel swagelok nut
and 1/8” to .8mm soft graphite reducing
ferrule onto the column. Then slide the
column through the injector so it pokes
out the front of the oven.

i LT- _l\

= T

ferrule

Column Installation page4

1/8” nut

.
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Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the on-column injector

Use a sharp triangle file to cut a few cen-
timeters from the end of the MXT col-
umn. Itis a good idea to ALWAYS trim
the end of the column anytime you run it
through a graphite ferrule as the sharp
edge of the column can shave graphite
off into the bore of the column where it
can cause the peaks to tail.

Support the column with your fingertips
and drag the file firmly across the tubing
in one swift motion.

Place your fingernail under the file cut
and bend the column. It will break
cleanly at the file cut.

Slide the wide bore adapter onto the col-
umn and position the end of the column
about halfway in the adapter.

Notice the adapter has a gash at
one end. The end with the gash
should face out towards the
operator.

Column Installation page 5
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Gash in adapter




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the on-column injector

Pull the adapter back into the oncolumn
injector.

Tighten the nut and ferrule securely so
that the column will not move even if you
pull on it with your fingers. Do not over
tighten the ferrule un-necessarily. You
want to feel the ferrule compress a little
bit but not tighten so much that the fer-
rule becomes distorted.

Replace the septum nut. Be careful not to
over-tighten the septum nut. If the septum is
too tightly compressed, the syringe needle
will make a hole in the septum. If the sep-
tum is lightly compressed, the silicone sep-
tum cleaves and re-seals permitting hun-
dreds of injections before failure and will not
clog the syringe or column with septum par-
ticles.

Insert an empty syringe through the sep-
tum and onto the column to verify that
the syringe slides smoothly into the col-
umn without catching or snagging. If it

; ; - Use a syringe with a
feels like the syringe needle catches on MW 26 gauge needle 5
the end of the column, then reposition or 6¢cm long

the column 1 cm closer to the center of ; 1 The conical point
th works best
e oven.

Column Installation page 6



Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the on-column injector

Connect the other end of the column to
the detector. The simplest way is to use
a 1/8” swagelok nut and a second 1/8”
to .8mm soft graphite reducing ferrule.
The detector shown in the photo is the
FID detector. The end of the column
should be positioned about 3cm past the
ferrule or about halfway from the inlet
fitting to the tip of the FID jet.

Because the soft graphite ferrule can
sometimes outgas contaminants which
contribute to baseline bleed at high tem-
peratures, we sometimes prefer to con-
nect the column to the detector using a
swagelok reducing fitting and a 1/16”
hard graphite ferrule. The hard graphite
ferrule does not release as much con-
taminant and it is physically much
smaller as well so the baseline shift due
to temperature is sometimes much less
using this type of connector.

Position the end of the column about
halfway between the inlet fitting and the
tip of the jet and then tighten the fitting.

Note:

Each type of detector ( PID,
ECD, NPD ,TCD etc ) may re-
quire a different position for the
end of the column. Consult the
detector instructions for posi-
tioning details.

Column Installation page 7

1/16” hard graphite ferrule




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the on-column injector

column just like a .53mm

To install a narrow-bore capillary column
in the on-column injection port, connect
the narrow-bore to a 5 meter length

of .53mm MXT pre-column. The pre-
column is de-activated MXT tubing but
there is no phase coated on the inside of
the tubing like a normal column, so ana-
lytes are not retained.

The narrow-bore column fits inside

the .53 for a low dead volume connec-

tion. Make the connection leak-tight by
securing the connected columns with a
1/16” swagelok union and soft graphite
reducing ferrules.

Then install the .53mm pre-column in the
on-column injector just as if it were
a .53mm analytical column.

Connect the narrow-bore column to the
detector using the appropriate hard
graphite reducing ferrule.

Install the .53mm pre-

analytical column

Column Installation page 8

N

Narrow bore column
.25mm

N |
Wide bore pre-column
.53mm 5 meters long

Narrow bore .25mm col-
umn fits inside .53mm
column

Use a 1/16” swagelok
union with soft graphite
reducing ferrules
To make a leak-tight
connection



Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

Buck Gas Chromatographs are designed : <
to use both packed and capillary col-
umns. The Model 910 has an oven
which allows for columns coiled on a

7”7 (17.5 cm ) diameter or smaller, while
the Model 310 GC ( which has a smaller
oven ) can fit columns coiled on a 5” di-
ameter or smaller. The column installa-
tion procedure is identical on either GC
since both GCs use the same injector
and detector hardware. Only the oven
size is different.

The split/splitless injector can be used
with both wide-bore and narrow-bore
capillary columns.

.53mm MXT wide-bore column

.25mm fused silica narrow-bore column .25mm narrow -bore on 5” cage

on 7” cage

Column Installation(splitless) pagel



Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

The split/splitless injector can be used
for on-column injections onto .53mm
capillary columns, split injections onto
any column, or splitless injections.

The injector has its own temperature
control which is set from the front panel
using the screwdriver provided with the
GC. Set the temperature depending on
the needs of the analysis.

The injector is supplied with both
stainless steel and SilcoSleeve liners.
The stainless steel liner supports the
wide-bore adapter for use with .53mm
column and oncolumn injections.

The SilcoSleeve liner is more inert
('since it is lined with fused silica ) and is
used with narrow-bore columns in the
split or splitless modes.

Column Installation(splitless) page2

Split/splitless injector
mounted in 910C

column oven

Injector block with
insulation removed

injector body
With carrier in

And split vent out-

tubes

SilcoSleeve liner
With gash in one end


eric
Pencil


Column Installation in the Buck Model 910 and
Model 310 Gas Chromatographs

equipped with the split/splitless injector

On the Model 910C GC, the needle
valve, restrictor and “tee” fitting are
mounted in the valve oven to the left of
the column oven. The needle valve is
temperature controlled to avoid solvent
condensation.

The needle valve in the Model 310 GC is

mounted in the GC chassis but is not R o Spitisplitiess injector

mounted in 910C

temperature controlled. g e column oven
Valve oven
houses split

As shown in the schematic diagram be- controls

low, the injector vent line goes to a “tee”
fitting where it splits into a restrictor tube
which limits the flow to a few milliliters Needle valve to adjust
per minute and to a PeakSimple con- split flow
trolled solenoid valve which turns the
main split flow on and off. The main split
flow is controlled by a needle valve.

The flow through the restrictor ensures
that high boiling molecules from previous
injections can not diffuse back into the
injector body.

Carrier gas To detector
Electronic ~ On-board - s I:?/eSatﬁtcljess W
Pressure controller Carrier gas filter [PLSRETE

injector
(EPC) ! Column

Solenoid Valve Split
“Tee" > Controlled by
Te I » Vent
fitting PeakSimple Data E?(ri]t
System
Restrictor

4

IlTlt; ﬂ|OW' to Needle
-5ml.min valve
Injector
Purge

Exit

Column Installation(splitless) page3




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

To install a .53mm MXT type wide-bore
capillary column in the “oncolumn”
mode:

1) Slide a 1/8” swagelok nut and 1/8”

to .8mm soft graphite reducing ferrule
over the end of the column. Then slide
the column through the split/splitless in-
jector so the column projects out the
front of the oven.

2) Slide the stainless liner and wide-
bore adapter on the column, then cut 3
cm off the column using a triangle file.
Always trim the column after passing it
though a graphite ferrule as the column’s
sharp edge may shave graphite particles
into the bore of the column causing tail-
ing peaks.

3) Pull the column back into the injector
so the end of the .53 column is posi-
tioned about midway in the adapter.

Gash

| Column]|

Wide-bore column adapter

4) Tighten the nut and graphite ferrule
to hold the column securely. The col-
umn should not move when you pull on
the column tubing from the oven side

5) Test the installation by inserting a dry
26 gauge syringe with a 5 or 6cm long
needle onto the column. The syringe
should glide into the bore of the column
itself without snagging or catching. If the
syringe snags the lip of the column then
re-position the column about 1 cm closer
to the center of the oven. This will give
the syringe a smoother entrance.

Column Installation(splitless) page 4

Triangle file to cut
column

1/8” swagelok nut
and 1/8” to .8mm
soft graphite
reducing ferrule

Split/Splitless
Injector body

Wide-bore adapter

Stainless liner




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

Connect the column to the detector us-
ing a 1/8” swagelok nut and 1/8” soft
graphite ferrule or optionally a swagelok
reducing fitting and 1/16” hard graphite
ferrule.

1/16” hard graphite ferrule /

The needle valve is normally adjusted
fully clockwise ( off ) since there is no
split during an oncolumn injection, and
the split solenoid is not actuated from
PeakSimple. There will be some injector
purge flow continuously from the injector
purge exit tube ( typically 3ml/min at
10psi head pressure ), but this does not
affect the on-column injection since the
sample is deposited in the bore of the
column by the syringe.

Set the injector temperature to about the
boiling point of the analytes. Don’t set
the temperature higher than required
since this shortens the septum life, and
makes it harder for the column oven to
cool down close to ambient tempera-
tures.

Column Installation(splitless) page 5

L .
o .
- -

Injector purge flow is
about 3ml/min at 10psi
helium head pressure

Use the supplied
SRI screwdriver to

adjust the injector
temperature




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

To connect a narrow bore column to the
split\splitless injector:

1) Locate the SilcoSleeve liner with a
gash at one end. The GC is shipped with
the SilcoSleeve liner in the parts box un-
der the red lid. The regular stainless
liner can also be used, but it is not as
inert as the fused silica lined Sil-
coSleeve.

2) Verify that the liner has a plug of
glass wool positioned midway. The
glass wool gives the sample a sur-
face from which to evaporate, so the
syringe tip should deposit the sample
directly into the plug of glass wool.

3) Mark the column with White-Out
about 3.5 cm ( 1.5” ) from the end to po-
sition it in the liner just downstream of
the glass wool plug.

lumn
Glass Colu

Wool

Gash

SilcoSleeve Liner

Column Installation(splitless) page 6

SilcoSleeve liner with gash

Use the triangle file
to poke the glass
wool into position

\ Glass wool plug in liner
positioned midway

Use white out to mark
the column

1.5” (3.5cm ) from the
end of the column




Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

Place the liner in the injector with the
gash side towards the operator. The
gash allows carrier gas to flow though
the liner. Without a gash, the carrier gas
will flow around the liner instead of
through it. Secure the column in place

( so you can see the dab of White-Out
just past the end of the 1/8” swagelok
nut ) using a swagelok nut and 1/8”

to .4mm soft graphite reducing ferrule.

Connect the other end of the column to
the detector using a 1/8” soft graphite
ferrule or a fitting and a hard graphite
1/16” to .4mm reducing ferrule.

As shown on the right side of the GC,
Relay A ( typically ) controls the split
vent solenoid. On some GCs, the split
vent solenoid may be controlled by a dif-
ferent relay ( B-H ).

In PeakSimple
set the times
you want the
split vent to
open and
close.

This will de-
pend on
whether you
want a split or
a splitless in-
jection.

Column Installation(splitless) page 7

SilcoSleeve liner with gash

Fid detector
i
’
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Column Installation in the Buck Model 910 and

Model 310 Gas Chromatographs
equipped with the split/splitless injector

For a split injection, measure the column
flow at the end of the column. For

a .25mm narrow-bore column this will be
about 1 ml/minute. Measure the flow
exiting the split vent tube with the split
vent solenoid activated. The column flow
divided by the split vent flow is the split
ratio.

‘A3

TE S R FEdADR 22 Rafa

28 O R A LTS I

The GC'’s red lid
must be down for
the solenoid to work

A=

Click Relay A to
actuate the Split
vent solenoid

-'l-I
i il

If the split ratio must be very large

( more than about 100 to 1 ), you may
have to remove the polishing filter. The
polishing filter is located behind the col-
umn oven. The molecular sieve filled
tube may limit the maximum split flow
because it acts like a flow restrictor. It
can easily be removed and replaced with
a blank tube for higher split ratios.

If you want the split vent to be open be-
fore the injection and to stay open, un-
check the box in the Edit/Overall screen
labeled “reset relays at end of run”.

If you want the split to shut off during the
run, actuate Relay A before injecting.
Then close the solenoid during the run
by entering Relay A off in PeakSimple’s
event table.

Column Installation(splitless) page 8
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POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

System Overview

Your Buck Multiple Gas Analyzer #1 (MG#1) GC is pre-plumbed and ready to resolve JO,, N,,

Methane, CO, Ethane, Co, Ethylene, NOx, Acetylene, Propane, Butanes, Pentanes, and gthrough Cs'
The basic version of the MG#1 has a TCD detector An HID detector or an FID with the integrated Methanizer

may be added.

W LU

AL LT
WHRIANHUT I
“““Pitllll (RAREREEERELILLET] llll.ll"“““‘“'

Wiy e
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Heated valve oven

. TCD detector
10-port gas sampling valve
and 1mL sample loop

6’ Molecular Sieve

6’ Silica Gel

Sample IN and OUT

..............

On-column injector Temperature programmable
column oven

The MG#1 allows you obtain complete analyses of the fixed and natural
gases listed above with a single injection. The MG#1 achieves this
using a 10-port gas sampling valve with a ImL sample loop in the
heated valve oven, and two columns in the temperature programmable
column oven.




POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

Theory of Operation
10-Port Gas Sampling Valve Plumbing Connections
The valve, sample loop, and column combination is plumbed in a specific way to allow the MG#1 to

separate hydrogen, oxygen, nitrogen, methane, ethane, propanes, butanes, pentanes, carbon monoxide, and
carbon dioxide with a single injection.

10-Port Gas Sampling Valve in the LOAD Position

10 PORT VALVE IN “LOAD;” RELAY G: “OFF"

A one-milliliter sample loop is - > p——
connected to the 10-port gas o Gas 72
sampling valve. When the valve | 77" /{5 @ QIR T deeckorts P——u ("" Mal Sleve 13x
is in the LOAD position, sample : -,':r@ 1 mi Loop ‘,\ ; Ny *t%? ___.f:j’;:.
may be flowed through this loop ay | ™. 6 Silica Gel | —
until the moment injection occurs @ “F ‘%‘\:‘:____ :ﬁ&

(when the valve switches to the \'@ @ @ “:1& ~
INJECT position). Sample 7= N
Eample O — —
Carrier Gas LOAD
Y / B \
- Carrier Gas " f
E;r} o) > e T[> & Silica Gel |> | Detector |
o .. . A
ssmps 10 Port Gas oW
Sampling Valve

10-Port Gas Sampling Valve in the INJECT Position

10 PORT VALVE IN “INJECT;” RELAY G: “ON"
> : At the beginning of the
Carrior Gas ;’é T Q“Q. chromatographic run, the valve is
me injocor ,@ © @\ > To datector(s) N (ﬁ Ml Seve 13x actuated to the INJECT position,
|' -}@ 1.mi Loap ﬁ V %\; \ f,//’; depositing the sample loop
: €)) “ & Siicn Gel contents into the carrier gas stream
® G}‘MH 1\:\\ \\::___::#”f and directing it to the two analytical
>@__ @__f H“‘:‘h_“ . — columns, which are connected in
Sarmgle In W/ H“‘“HH_:' series through the 10-port valve.
Sample Out —

The column sequence is reversed while the flow direction remains the same.

Carner [=F T3 jNJECT

&' Silica Gel

>] cam"rs“ ' : ol 6 Molecular
Injector Sampla me' Sieve 13X

{Retains CO, & [Separates H,,

10 Port Gas €,-C, at 40°C) 0, N, CH, & CO)

Sampling Valve




POPULAR CONFIGURATION GCs

Multiple Gas Analyzer #1

Theory of Operation

10-Port Gas Sampling Valve Plumbing Connections

The sample is deposited by the carrier gas stream first into the Silica Gel column, with the column oven
holding at 40°C, where the ethane, propane, butanes, pentanes, and carbon dioxide are retained. The remainder
of the sample containing H (or helium, whichever is not being used as a carrier), 9N2’ methane, and CO,
continues on to the Molecular Sieve column. During a chromatographic run with the sampling valve in the
INJECT position, the I—g or helium, 02’ N2’ and methane components are the first to elute through the columns
and into the detector This is due to the Silica GeF long retention of G, CO, and higher hydrocarbons at
40°C. The sampling valve is actuated back into the LOAD position immediately following the elution of the
CO peak. This reverses the sequence of the columns prior to the detectpand sends the components preparing
to elute from the Silica Gel packed column (ethane, propane, etc.) to the detector without passing them
through the Molecular Sieve packed column. At the same time, the Silica Gel packed column is temperature

ramped to promote the rapid elution of the remaining components.

Carrier Gas

A
Injector | sample Loap |/

10 F";Dl'l. Gas
Sampling Valve

) [ "Carer Gap Lt > & . |
I )l . &' Molecular ~ & Silica Gel — Detector |

LOAD

Sieve 13X

{Separates CO,,
G2, Hydrocarbans)

After the elution of the CO peak, the valve
is switched back into the LOAD position,
andthe C,, CO,, and higher hydrocarbons
come off the Silica Gel column.

The built-in data system automates the process: the column oven temperature is controlled through a PeakSimple
temperature program, and the sampling valve is controlled through a PeakSimple event table.

[chorme 1 wemporaies cortat [ [chormat vers @
GP.TEM
ik v Hiidl Fang Firesl e i Event
4000 &, L) 21 00 it | [iT0] LERD
el 18.000 0030 200 i) G OH WVALVERT LOADARIECT]
B0 0 OFF paalvEm LOADARIECT]
23100 o
o~
-
o
—/f}
000 | |
23.000
Add . Chasge... I Besvaess | Sudd | | Change... I Birerw | Cigsgabss. |
Lead. | we | e | Bred | Lead .| gove | e | [ |
=1 = | s |
Temperature program: Eventtable:
Initial Hold Ramp Final Time  Event
40°C 400 20.00 220°C 0.000 ZERO

220°C  10.00 0.00

220°C

0.050 GON (valvein INJECT)

6.000 G OFF (valvein LOAD)



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

General Operating Procedures

1. Set the cylinder head pressure 15-20psi higher than the GAS FLOW RATES
head pressure. The carrier head pressure used to generate -
the test chromatograms at the factory is printed on the right

side of your GC. For this particular TCD-equipped MG#1, the head
pressure required for a 20mL/min flow is 29psi.

=

[CMRIEﬂi: (| 26 | P3I= | 20 | mimin

2. IMPORTANT: Damage or destruction of the TCD filaments will occur if current is applied in the absence
of flowing carrier gas. AIWAY'S verify that carrier gas can be detected exiting the TCD carrier gas outlet
BEFORE turning the TCD current ON. #&gged for identification, the TCD outlet tubing is located in the
column oven. The end of this tubing will be protruding from the column oven wall on the detector side, unless
there is also an FID or HID installed. In this case, the TCD outlet tubing will be connected to the FID or HID
detector bulkhead fitting in the column oven wall. Place the end of the TCD outlet tubing in some liquid and
observe. If there are no bubbles exiting the tube, there is a flow problem. DO NOT turn ON the TCD current
if carrier gas flow is not detectable. A filament protection
circuit shuts OFF the TCD current if the column head
pressure drops below 3psi, but it cannot prevent filament
damage under all circumstances. Any lack of carrier gas
flow should be corrected before proceeding. If necessary
reconnect the TCD outlet tubing to the FID or HID when
you are finished testing the carrier flow

[ ———— The TCD carrier outlet tubing is
tagged inside the column oven.

™ e . Unless connected to another detector,
PR i the end of the TCD outlet tubing will be
: i i | ontheoutside of the column oven wall.

3. If your MG#1 has an FID/Methanizerset the FID hydrogen _ mm::;;;’:;;;:::;
flow to 25mL/minute, and the FID combustion air to 250mL/ i

minute. If your MG#1 has an HID, set the helium make-up
flow to 40mL/minute and the helium carrier to 10mL/minute.
Again, check the “GAS FLOW RAES” printed on the right-
hand side of your GC for its flows and the approximate required
pressures. Gas flows are adjusted using the trimpots on the top|s
edge of your GCS3 front control panel. Tirn each trimpot while
pressing its LOCAL SETPOINT button until the LED display
shows the same pressure (in psi) as that printed under GAS
FLOW RATES.

4. Set the valve oven temperature to 99C. If present: set the FID/Methanizer temperature to 38%C; set the
HID temperature to 200C.



POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

General Operating Procedures continued
5. Turn the TCD current ON to LOW Ignite the FID, if present, by holding up the ignitor switch (lableled
“FLAME IGNITE”) for a couple of seconds until you hear a small POPThe ignitor switch is located on your
GC’s front control panel under the heading “DETECOR
PARAMETERS.” Werify that the FID flame is lit by holding
the shiny side of a chromed wrench directly in front of the
FID exhaust vent. The flame is lit when condensation is
visible on the wrench surface.
If present, switch on the HID current and set it to 100
using the trimpot and LOCAL SETPOINT button. ¥u
should be able to see a purple arc between the two HID
electrodes.
Please see the DETECTORS section in youBuck manual for more information.

6. Ethane is the first peak to elute from the Silica Gel column after thesz N, CH " and CO, which are

separated by the Molecular Sieve column. The ethane and CQwill get stuck in the Molecular Sieve column
if the gas sampling valve is not rotated back into the LOAD position (by turning Relay G OFF) prior to the
ethane elution. Therefore, you must determine the elution time of ethane, so that you can set an event program
that will rotate the valve at the right time during the run. ype in an event program as follows:

Time Event

0.00 Zero
0.1 G ON
0.3 G OFF

This event program will inject the sample loop contents into the Silica Gel column, then immediately reverse the
columns so the sample will not enter the Molecular Sieve column. Since ethane is the first peak off the column,
it is easy to determine its elution time.

7. Set the column oven temperature program as follows: Initial Hold Ramp Final
40°C 6.00 10.00 200°C

8. Zero the data system signal by clicking on the Auto
& Zero icon on the left side of the chromatogram window
B+ Auto Zeroicon Inject a sample containing ethane into the gas sampling valve
= through the sample inlet on the front of the valve oven. Start
the run by pressing the computer keyboard spacebaror
by pressing the START button on the front of your GC.
Note the elution time of ethane.

9. Revise the event program so that Relay G | Time  Event
turns OFF just before the ethane peak begins | 0.00  Zero _
to rise from the baseline. A typical eventtable | 0.1 ~ G ON Injection by syringe of
for the MG#1 GC system is shown at right. | 6.0 G OFF gas sample into valve

10. Revise the temperature program if necessary. The temperature
program used for the test chromatogram on the Expected Performance
page works well with the above event program.

Initial Hold Ramp Final
40°C 4.00 20.00 220°C




POPULAR CONFIGURATION GCs
Multiple Gas Analyzer #1

.H.‘.F PeakSimple - COM1
File [Edit Yiew Acguisdion Help
DS &S| wEE||1 2

Expected Performance
TCD Noise Run

34 5 6 9|/518283 54 Columns: 6’ Silica Gel, 6’

1% FED GAS + | TCD NOISE HUR

[
BOA1 BT nadl, chiOEFALLT COM |

| Molecular Sieve

R 1]

Carrier: Helium @ 20mL/min
TCD gain: LOW

TCD temperature: 150°C
Valve temperature: 90°C

Temperature program:
Initial Hold Ramp Final
80°C 24.00 0.00 80°C

A A WA e .
- W e e L ey

|| 2] 2|

TCD Noise averages less than 50uV from peak to peak

0100

4 PI'!I

18,000

L] IIl

24,000

Factory Test Analysis of 1% Fixed Gas Standard + Ethane

Sample: 1mL 100% ethane + 49mL 1% Fixed Gas Mix
Columns: 6’ Silica Gel, 6’ Molecular Sieve
Carrier: helium at 20mL/min

TCD gain: LOW

{h PeakSimple - DOM1

File Edit Yiew Acquisition Halp
TCD temperature: 150°C DSW@ S WE|[1 2 3 4 5 6 58288 84
Valve temperature: 90°C T8 FED G + [TED I T
4000 [ CAPEARIIDA1ET aal -crmlb!'!n.l.u_“ CON |
Temperature program: 5
Inital Hold Ramp Final k
40°C  4.00 20.00 220°C E
Events:
Time Event ] - fl
0.00 Zero A a | A
0.050 G ON (valve INJECT) L=l S | e T
6.000 G OFF (valve LOAD) el 8 | ¥ 5 §
| £ |

Results: 3 | : 3 } J]',
Component Retention Area % '.l H-L I.“'.I IF‘; |I | \
Hydrogen  1.383 0.2460 £ | U AVANY |\ e
Oxygen 2.016 10.5440 T -
Nitrogen 2.450 924.9975 .1
Methane 4.550 7.4120 ﬁlﬁu—l ol
CcO 5.510 9.4820 '
Ethane 7.283 38.2725
co, 8.383 15.4100

TOTAL  1006.3640
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