DETECTORS

Flame Photometric Detector - FPD

The Hame Photometric Detectorissmilar tothe FID inthat the
sampleexitstheanalytical columninto ahydrogen diffusionflame.
Wherethe FID measuresions produced by organic compounds
during combustion, the FPD analyzesthe spectrum of light emitted
by the compounds asthey luminesceintheflame. The detector
chamber must belight tight so that only light from theflamewill be
“seen” by the photomultiplier tube (PMT) and analyzed. The FPD
usesasecond hydrogen flow to purgethe optical path betweenthe
PMT and thehydrogen diffusion flame. Thissecond hydrogen flow

hel psto augment the FPD sengitivity by making
theflamehydrogenrich. TheFPD also usesa
second air flow directed across of the face of
the PMT to prevent helium and/or hydrogen
moleculesfrom permeating the PM T’ sglass
window and causing mafunction. Thispurge
ar isvented to atmospherethrough ashort tube,
coiledto prevent light from reachingthe PMT.
TheFPD usesoneof two available band pass
filters to selectively detect compounds
containing sulfur or phosphorus. Compounds
containing phosphorus are detectablewith the
526nm filter, whichisyellow ononeside. The
394nmfilter (blueononeside) allowsdetection
of sulfur-containing compounds. While not
completely selective, the FPD is100,000times
more sensitiveto sulfurous and phosphorous
compoundsthanitisto hydrocarbons. Sulfur
compounds like H,S or SO, can be detected
down to about 200ppb; phosphorus

compounds can be detected down to 10ppb. To detect
phosphorus and sulfur at the same time, the Dual FPD,
featuring two PMTs, may beused. Thesingleor dual FPD
may be equipped with an FID collector electrode and
electrometer which will detect the hydrocarbon peaksas
the PMTs are responding to the sulfur and phophorus
compounds. Becausethehydrogen-rich flamerequired for
optimum sulfur and phosphorusdetectionisnot optimum
for the best hydrocarbon response, the FI D in combination
withthe FPD islesssensitivethan apure FID response.

Overview
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Theory of Operation

The FPD uses one of two available band passfiltersover aphotomultiplier tube (PMT) to selectively
detect compounds containing sulfur or phosphorusasthey combust inthe hydrogen flame. When compounds
areburnedinthe FPD flame, they emit photonsof distinct wavelengths. Only those photonsthat arewithinthe
frequency range of thefilter specifications can passthrough thefilter tothe PMT. The PMT convertsthe
photonsit “sees’ through the bandpassfilter to an analog signal, whichisacquired by the Peak Simpledata
sysem.

Simplified FPD Schematic
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il Peak i HEER
T 1 IR Expected Performance
[FFT FGEE FN I
1,000 [ A ESma X T ehalE FALLY. CON |
FPD Noise Run (FID/FPD Combo)
) Column: 15m MXT-1
:v-._ A AN . A T STANDY | AW Carrier: Helium @ 10mL/min
=Y Voo W 4 Y it FPD gain: HIGH
FPD temp: 150°C
FPD noise averages less than 100pV FPD PMT volts: '_400 ,
from peak to peak FPD H,: 60mL/min (30mL/min for each of
the two hydrogen flows)
. FPD air: 100mL/min
FPD Sulfur (FID/FPD Combo)
Sample: 1cc 10ppm H,S in 3 replicate R — L
injections to demonstrate the EETTIETEY DR
consistency of the FPD response 16¢ 10 PP HI{FFD I I
Column: 15m MXT-1 B .
Carrier: Helium @ 10mL/min g g .
FPD gain: HIGH; FPD temp: 150°C o ] 5
FPD PMT volts: -400 ; : :
FPD H,: 60mL/min (30mL/min for each of the g E -
two hydrogen flows) w f £
FPD air: 100mL/min 5 II ||| il
Temperature Program: 2 | | | |
Inital  Hold Ramp Final |
60°C  60.00 0.00  60°C } | '
Results: ) II L ,|
Component Retention Area
Hydrogen Sulfide 6.550 5216.6680 ST D - —
Hydrogen Sulfide 7.533 4828.8710 [T 1]
Hydrogen Sulfide 8.516 4810.5420
Total 14856.0810
A BIE] 1 FPD Phosphorus
IR EHIDEEEE: .
T —— | Sample: 1pL 10ppm malathion
emtAlen bl 1) ' Column: 15m MXT-1
Carrier: helium @ 10mL/min
& FPD PMT volts: -400
; FPD H,: 30mL/min
- FPD air: 100mL/min
% FPD temp: 250°C
- ‘ Temperature Program:
Initial Hold Ramp Final
I| || 225°C  10.00 0.00 225°C
L Results:
o Component Retention Area
Akl e Malathion  4.916 2819.0520
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General Operating Procedure

1. Setthe hydrogen flow to 60mL/min. Thiscorrelatesto aflow of 30mL/min each for the primary and
secondary hydrogen. Settheair supply to 100mL/min. Theair supply tubingis T’ dinsdethe GC sothat 10-
30mL/minof air flowsacrosstheface of thePMT. Set the carrier gasflow between 5and 20mL/min.

2. Usethe switch onthe GC'sfront control panel tolight the FPD flame. Sometimestheflameisdifficultto
light because of the hydrogen-rich atmosphereinside the FPD detector body. If you are having difficulty
lighting it, makesurethe PM T voltageis OFF, then removethe cap on the FPD exhaust port and try theignitor
switch again. Whentheflamelights, therewill bealoud noiselikethe backfiring of acar; thisisnormal and
doesnot indicateaproblem. KEEPY OUR FACE AWAY FROM THEDETECTORWHILELIGHTING
THE FLAME; theloud noiseisaccompanied by aflash of flame. Replacetheexhaust cap nut after lighting the
flame

3. Switchonthe 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'sfront control panel (vertically labeled“PMT VOLTS’ under
“DETECTORPARAMETERS’).

4. Set the FPD temperature to 150°C by adjusting the appropriate trimpot setpoint. Set the FPD gainto
HIGH. Allow the FPD signal to stabilize, theninject thesample.

Optimizing Sensitivity

Tooptimizeyour FPD detector’ssengitivity, inject the same sampleat varying air and hydrogen pressures
and observethefluctuationsin sengtivity.

1. Inject sample and observethe FPD response.

2. Turntheair up atiny bit, lessthan 1ps, inject sampleand observethe FPD responseagain. If youseean
improvement in sengitivity, adjust theair up alittlemore, inject again and observetheresponse. Keep adjusting
theair pressure up until sengitivity dropsagain to find thewindow of optimum sengtivity.

3. If thereisnoimprovement in sengitivity after turning theair up, turntheair downlessthan 1psi, inject
sample and observethe FPD response. If you seeanimprovement in sengitivity, adjust theair downalittle
more, inject again and observetheresponse. Keep adjusting theair pressuredown until sengitivity dropsagain
tofind thewindow of optimum sengitivity.

4. Now, turnthe hydrogen pressure up 1-2psi and re-optimizetheair. Repeat thisuntil you’ vefound the
optimum air and hydrogen pressure settings.

Note:

When alarge hydrocarbon peak € utes ssmultaneously with atarget sulfur compound, the hydrocarbon
peak will quench the sulfur response. For thisreason, SRI recommends the addition of an FID collector
electrodeto the FPD detector body. TheFID collector eectrodewill alow the operator to* see” the hydrocarbon
peaksand their retention times, so that chromatographi ¢ separation can be optimized for the el ution of sulfur
compounds.
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Switching Between Sulfur and Phophorus Modes

Thebandpassfilter specified whentheinstrument wasordered comesingtdled inthe FPD detector assembly.
There are two options for switching between sulfur and phophorus modes. You can purchase either an
additiond filter or an additional PM T housing and switch them asnecessary. Phosphoruswavelengthfiltersare
availableunder SRI part number 8670-0083; sulfur filtersareavailable under SRI part number 8670-0082. A
PMT housing with abandpassfilter of the other optiona wavelength specificationsisavailableunder SRI part
number 8670-0084 (specify sulfur or phosphorus).

1. Turn OFF the GC power.

2. Unplugthe BNC cableconnectingthe PM T totheamplifier. | gosen
Disconnect the secondary hydrogen and both air supply linesat this fitting I
their bulkhead fittings onthe GC deck. !

3. Removethe heater block cover by unscrewing the philips - —‘T—
head screw ontop of it. Slidethe cover up and off the block,
and carefully removethewhiteinsulation. By
4. Loosenthe /8" Swage ok fitting that securesthe FPD detector w_ - Q +450
assembly on the heater block enough to gently rotate the FPD L i tGC ot
assembly about 45° toward thefront ron
Loosen y. of the GC (see the Front view and Front view Side view
this fitting & sideviewillugrationstotheright).
Slide the PMT & | 5. Stahilizethe FPD assembly whileyou loosenthe 1/4” Swagel ok fitting that
housing out securesthe PM T housing to the FPD detector body. Slidethe PMT housing out
ggg;e R P of thedetector body. If you' reswitching PM T housing assemblies, set asidethe

M PMT housing you just removed and skip to step number 7. If you' reswitching
I -.:E":'-' .
& - J ‘ filters, proceed to the next step.

—

6. Unscrew the PM T housing stainless steel Use these i
= retainingnut, thensetit (withthePM T andits  depressions \
v %%_ socket) aside. Thebandpassfilterisscrewed ~ for filter removal | )
into thetop part of thePMT housing against a _,y
black o-ring, and has2 depressionsinitsframe. It can beunscrewed using _
open needle-nosed pliersbut you must be very careful not to damage or Filter inside PMT
scratchthefilter. FPD sensitivity will bereduced if thefilter isimproperly housing assembly
installed or dirty.

6. Ingpect the black o-ring for any nicksor cutsand replaceit if necessary. Placethedternatefilter, withits
colored sidefacing downtoward the PM T, into the top part of the PM T housing against the black o-ring and
tightenit. Remember, it must belight-tight and gas-tight. Replaceand tighten the stainlesssted retaining nut
withthe PMT initssocket.

7. Sidethetop of the PMT housing containing the alternatefilter into the FPD detector body, and tighten the
/4" fitting that securesitin place.

8. Gently rotatethe FPD assembly back toitsoriginal angle, and tighten (with awrench) 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 pageregarding proper jet positioning.
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Troubleshooting and Maintenance

Changing the Photomultiplier Tube (PMT)

The Photomultiplier Tube (PMT) isaconsumable part, and will eventual ly need replacement.
Additional PMTsareavailableunder SRI part number 8670-0080.

1. Follow steps1-4 onthe“ Switching Between Sulfur and Phophorus Modes” page.

2. Unscrew thestainless sted! retaining nut and removeit,
withthePMT anditssocket, from the FPD assembly. Slide
theretaining nut downthe 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 PM T, inspect
them for any damage, and replacethem if necessary.

4. Sidethe Teflon™ ferruleand black o-ring onto the new
PMT. Plugthenew PMT into the socket.

5. Slidethestainlesssted 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 securesit.

7. Reconnect the BNC cable and the gassupply lines.

Note: When your FPD detector was assembled at the
factory, the ignitor and jet (and collector electrode, if
present) wered| properly positioned withinthe FPD body.
It isadvisableto familiarize yourself with their proper
positioning in casethey require adjustment. Removethe
1/4” Swagelok cap nut on the FPD exhaust port to see
ingdethedetector body. Useasmall flashlight to seethe
position of thejet ingdethe FPD detector body. Thejet’s
tip should beflush with thecylindrical wall of the opening
that you' relooking through, and just barely visblefroma
dight angle. Whenlooking straight downinto theopening,
you should not be ableto seeanything protruding intoit.
Toadjustthejet, loosen or tighten the 1/4” Swage ok fitting
to movethejet forward or backward. Keepinmind that
if thejet actudly protrudesintothe PMT’slineof sight, it
couldinterferewiththe FPD’s performance. Theignitor
should besimilarly positioned acrossfromthejet, withthe
tip of itsbladejust visible but not protruding into the FPD
detector body chamber. Toadjust thepositionof theignitor,
loosenthe 1/4” fitting enough to movetheignitor forward
or backward asnecessary. Tighten thefitting whenthe
ignitor isproperly positioned. If thereisan FID collector
electrodeinstalled on the FPD detector assembly, it must
be positioned inthe same manner.

PMT Housing
Assembly
Black o-ring
— —— Bandpass
- L filter
Photomultiplier Black o-ring

Tube (PMT)— Split Teflon™

—ferrule

10-pin socket

Top view of FPD with exhaust cap nut removed

— — [—
{ e —
Use this 1/4" fitting Ignitor fitting
to adjust the
position of the jet
Collector
fitting

—1
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