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First edition- January 1992

The infonnation contained in this document maybe revisedwithoutnotice.

OI Analytical shall not be liable for errorscontainedhereinor for incidental, or consequential,
damages in connection with the furnishing, performance, or usc of this material.
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01 Analytical PH 11122211
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Notice

No part of thisdocumentmaybe reproduced or photocopied, or translated to anotherlanguage.
withoutthe prior wriuenconsentof OI Analytical.
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Limited
Warranty
OJ Analytical warrantseach Model4410 Flame Ionization Detector against defects in
materialsand workmanship under normal use and service for a period of ninety (90)
days. Equipment installed by 01 Analytical is warranted from the installationdate; all
other equipment is warrantedfrom the ship date. Ifpurchaser schedules or delays
installationmore than 90 days after delivery, then warrantyperiod starts on the 91st day
from date of shipment. This warranty extends only to the original purchaser. OJ
Analyticalwill, at its option, repair or replace equipment that proves to bedefective
during the warrantyperiod, provided the equipment is returned to OJ Analyticalat the
expense of the purchaser. Parts, labor, and return shipment to the customer shall beIU
the expense of OJ Analytical. Parts used and labor performed during on-site warranty
service requestedby the purchaser shall beat the expense of OJ Analytical.

THE FOREGOINGWARRANTY IS IN LIEU OF ALL OTIIER WARRANTIES,
EXPRESS OR IMPLIED,INCLUDING BUT NOT L1MI1ED TO ANY WARRANTY
OF MERCHANTABILITY. FITNESS,OR ADEQUACY FOR ANY PARTICULAR
PURPOSEOR USE. 01 ANALYTIeAL SHALLNOT BE LIABLEFOR ANY SPE
CIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.WHETHERIN CON
TRACT, TORT,OR OTHERWISE.

Any service requests or questionsshouldbedirected to the Customer Service Depart
ment at (409) 690-1711.
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Chapter 1
Introduction

The 01 AnalyticalModel 4410 Flame Ionization Detector (FID) is a hydrocarbon
detector, specificallydesigned for the Hewlett-Packard(HP) Model 5890A and 5890
Series II GCs. The FlO measuresa sample's hydrocarboncontent by using the flame
ionization technique. Flame ionization is a destructive process in which hydrocarbonin
a sample stream is combusted and ionized in a hydrogen-air flame, then the ionized
products pass through an annular electrode. The ion current produced is measuredby an
electrometercircuit that outputs a voltage proportional to the amount of analyte in the
sample.

The 4410 FlO is designed to work in conjunctionwith the 01 Analytical Model 4430
PhotoionizationDetector (PID). The FlO mounts to the exhaust port of the PID, forming
a dual-detectorsystem for use in EPA municipaland industrial wastewaterMethods 603,
604, and 609; EPA solid waste Methods8015, 8030, 8040, 8060, 8090. and 8100;
Benzene/Toluene/Xylene (BTX)analysis; undergroundstorage tank monitoring;
chemical waste testing;petrochemicalanalysis; flavors and fragrances; and pharmaceuti
cal applications.

Features _

• Attaches to the exhaust port of the PIO, forming a dual-detector sot that occupies
only one detector port on a GC without the use of transfer lines or nonstandard
fittings. This patented (U.S. Patent #4804846)detector design:

1. Minimizesdead volumeand eliminatescold spots in transfer lines.

2. Allows use of the PID hydrogen sweep gas as the FlO combustiongas.

3. Requires the use of only one injector.one column, and one makeupgas.

4. Greatly simplifies interfacingbetween detectors.

• Can be fully integratedinto the GC design by using the available OC gas supplies,
ignitor circuit, and electrometer,enhancingcompatibilityof componentsas a system
and simplifyinginstallation.

• Can be operated simultaneously with the PIO. or either detector can be operated
independentty.

• Has both an electronic ignitor and a built-in port for flow checking.

• Incorporatesan inert glass-linedstainless steel flame jet and a stainless steel collector
electrode that are easily removed for inspectingand/or servicing.

Introduction 1



The flO responds to a wide varietyof compounds. Common applications include:

Principal Applications _

Principle of Operation _

The sample stream flows from the side port ofthe PIO into the jet of the FlD. The
sample stream is combusted and ionized in a hydrogen-air flame. The ionized products
pass througha negatively-biased annular electrode, producing an ion current. The ion
current is converted to a proportionalvoltage output by anelectrometercircuit. The
voltage output is a direct representationof the amount of analyte in the carrier stream,
i.e., the flO generates a response that is mass dependent
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270' C (limited by PIO maximum)

>1()I'

22 mCouVg for propane

5 pg carbon/sec (SIN = 3)

3 at 5 pg/sec

100 ug benzene

0.20" J.D.

Jet- InertGlass-LinedStainlessSteel
Collector - Stainless Steel
Body- 316 Stainless Steel
Ferrules- Vespel"

1\- 99.999; 35 ± 2 ml/rnin
HeIN~ - 99.999; 30 ± 2 ml/min
(as carrier or makeup)
Air - Dry; best available; 165 ± 15 mVmin

Hydrocarbons (BTX)
Pesticides
Foods and flavors
Consumerproducts
Pharmaceuticals
Underground storage tanks
Chemical wastes
Air toxins
Total petroleum hydrocarbons
Acids and bases
Alcohols
Amines

EPA 603
EPA 604
EPA 609
EPA 8015
EPA 8030
EPA 8040
EPA 8060
EPA 8090
EPA 8100
Petrochemical
Carbohydrates
Solvents

Lower Detectability Limit:

Linear Dynamic Range:

Signal/Noise:

Maximum Linear Level:

Sensitivity:

Maximum Operating Base Temp:

Jet Tip:

Materials of Construction:

Gas Requirements:

Chapter 1
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WARNING:
Hydrogen is highiy

f/ammable and may
cause an explosion If
it is allowed to build

up in an enclosed
area, such as in rlw

GC O1Ien. Great care
should be exercised

when handling
hydrogen. Leak

check all gas fittings
periodically and keep
open flames and other

sources ofignition
clear of the detector.

2



I

I.
I
I
I
I
I
I
I
Ie
I
I
I
I
I
I
I
I·

I

NOTE: Specificgas trcatmentstratcgiea (including the proper selection of carrier
and support gases) and gas ·II'8pS significantlyaffect the sensitivity, accuracy,
andprecisionof chromatographyresults. Trace impurities of oxygen and
water can load to column deterioration. Hydrocarbonimpurities canaffect
FID sensitivityand cancause baaclino irregularities. For optimal perfor
mance, use high capacity gas Ir8pI in conjunction with thospecified high
purity~s. OJ Anal)1ical offers the following line of high capacity gas
traps:

Activated Charcoal Trap (01 Analytical #196782): S-shaped filter for
trapping hydrocarbonimpurities. Contains 30/60 mesh charcoal. Can be
regenerated.

Molecular Sieve Trap (01 Analytical '196790): S-shaped filter for trapping
water. Contains45/00 mesh molecular sieve. Can be regenerated.

General Purpose Trap (01 Analytical #197848): Stainless steel scrubber
for removing hydrocarbons, water, and oxygen. Contains a charcoal/
molecular sieve/ambersorbe mixed bod. Cannot be regenerated.

Safety Notes _

The instructionsfor installationand operation given in this manual are believed to be a
thoroughaccount for proper and safe operation. However, it is the responsibilityof each
laboratory to maintain the instrumentin a condition suitable for safe use. Guidelines for
maintenance are given later in this manual (see Chapter 5).

• Maintain a static-safe area when handlingall electronic parts and assemblies. Use a
static-control wrist strap that is connected through a one megaohm resistor to an
appropriateearth ground. Store all electrical parts andequipment in static
protective containers.

• Tum the GC and detector power OFF and disconnect all line power when installing
or servicing the equipment

• The OC oven, inlet, and detector zones, as well as the detector, may be hot enough to
cause bums. Tum OFF all heated zones and allow time for cooling before working
on the GC or the detector.

• The FlD contains a hydrogen-airflame. Keep all flammable and loose materials
away from the detector. Do not lean over the FlD to see if the flame is lit Tum
OFF all gas flows when servicing the detector.

• Wear safety glasses when using compressed gas. It is recommended to wear safety
glasses at all times when working with the OC and/or the detector.

Introduction 3
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Chapter 1

• Hydrogen is extremely flammable and hasbeen identified as an asphyxiant. This
gas and the cylinder containing this gas should be handled and stored in a manner
consistent with OSHA regulations. Open flames and oasiIy ignited materials should
not be brought in contact with hydrogen except under approved. controlled
conditions by the analyst. Adequate ventilation should be maintained in areas where
this gas is used and stored. Avoid prolonged exposure to high concentrations of this
gas. III allyapplictltloll usl", "ydrog~n. IUI'II OFF 1M .upply lit ItJ JOUl'U
"'/0" worldng 011 Ih~ GC or 1M tUUclor.

• Nitrogen and helium have been identified as asphyxiants. These gases and their
cylinders should be handled and stored in a manner consistent with OSHA
regulations. Adequate ventilation should be maintained in areaa where these
materials are used and stored. The analyst should avoid prolonged exposure to high
concentrations of these gases.

• Oxygen hasbeen identified as an oxidizer. This gas and the cylinder containing this
gas should be handled and stored in a manner consistent with OSHA regulations.
Open flames and easily ignited materials should not be brought in contact with the
pure gas except under approved. controlled conditions by the analyst. The analyst
should also avoid prolonged exposure to high concentrations of this gas.
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Chapter 2
Description of Components

This chapter defines and describes the functions of the various components of the FlO.
Bach significant component il identified in Fig. 2.1.

Fig.2.1 Major4410CompoMnu

Detector Components _

1. Jet (01 Analytical #191817) contains the sample as it flows from the PID into the
FID. A hydrogen-air flame bums and ionizes the analyte at the end of the jet.
The jet is composed of an inert glass-lined stainless steel tube.

2. Base (01 Analytical '191767) secures the FID to the PID. The base screws into
the PID exhaust port and seals the jet to the PID with a 1/8" x 1/16" reducing
graphite ferrule.

... Bue design. prior to December 1991 require one O-ring.

Components S



Fig. 2.2 FID Schemaiic Cross Section

• Base designs prior to December 1991 require one O-ring.

I

.
I
I
I
I
I
I
I.,
I
I
I
I
I
I

.
I
I

-10

9 'lC\S~~4-

6 ~~CV
/3 14 f'1l&

~ (-;;:>13

--- 1

9. FlO Exhaust Port
10. Lower Ferrule - H191783
11. Electrode Collector - H191825
12. Upper Ferrule - H191773
13. Graphite Reducing Ferrule - H196196
14. ##2 Lock Washer - H134080
13. 2-36 x 3/16 Machine Screw - HI44361
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4. Air Inlet Fltdlli (01 Analytical *196352) receives a 1/16" ferrule-typo compres
sian seal on the end of the FlO air line. Air enters the FlO and flows around the
jet. supporting the combustion of hydrogen to produce a flame at the tip of the
jet.

3. Coaxial Cable Connector (01 Analytical *191791) connects to the metal outer
wall of the annular collector electrode. The ion current generated in the FID is
amplified by the electrometer circuit A coaxial electrometer cable attaches bore
to transmit the ion current generated in the FlO to the electrometer circuit.

1. FlameJet - H191817
2. FlD Base - H191767
3. Coaxial Cable Connector - H191791
4. Air Inlet Adapter - H196352
5. Glow Plug Cable Assembly - H191833
6. FID Body - H191739
7. 6-32 x 1/8 Allen Set Screw - H131961
8. Viton B8lIe O-Ring - H210278

Chapter 26
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5. Glow Plug Cable Assembly (01 Analytical #191833) ignites the FlO flame.
When the ignition button on the OC i. pushed, a voltage provided by the OC
power supply causca the glow plug to become hot enough to ignite the hydrogen
air mixture inside the FlO. A 10ft "pop" may be beard when tho flame lights. A
loud sound indicates that excessive hydrogen may be present or that there may be
insufficient air.

6. Body (01 Analytical 11917S9) contains and supports the internal components of
the FID. It fits over the FlD base and is secured by a set screw. The base is
scaled by a set of O-rings. Fig, 2.2 shows the mechanical relationship of the
various parts within the body.

7. Set Screw (01 Analytical '131961) keeps the FlO body in place. It is not used to
exert force on any seals and should ItOt b. o,.,..tI,ht_,..d.

8. O-rlop (01 Analytical #210278) form a seal between the FlO body and the base.
The seal is secured by the set screw.

9. Exhaust Port vents the combustion products produced by the hydrogen-air flame
in the FlD.

Ignitor Lead

Plug--+fl,i..::~::::rJ

Auxiliary
Makeup IN

Mak OUT (from bottom of
eup manifold block)

Fig. 23 PIDIFID Gas Flow Moduk

Gas Flow Module (01 Analytical #192013). PID/FID installations and FID retrofit
installations on HP 5890 Series OCl! require the special Gas Flow Module (see Fig. 2.3)
that is installed in the OC mainframe. The function of the Module is to receive, restrict,
control, and distribute JPlI flows for hydrogen, auxiliary makeup gas, and air to the PID/
FID detector set, The ignitor switch is also conveniently located on the Gas Flow
Module.

Components 7
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ONJOFF Valva
(Air)

NMdleVaIw
(~)

Ignllor Bulkln
(plellio !gnl")

NHd,-Valv.
(Makaup Gal)

8

WARNING:
N6v6radjust th«

GasFlowModu.le
M6dle valvesto th«

point ofshut-off
(fu.1ly clockwise).

Chapter 2

Fig. 2.4 PIDIFIDControlPa1JIJl

The Gas Flow Module provides two needle valves with ONIOFF control for hydrogCD
and makeup gases. one valve with ONIOFF control for air. and an ignition switch, as
shown in Fig. 2.4. The needle valve adjustment is located inside the valve knob. The
valve knob provides the ON/OFF function so that settings are retained.

Fig. 2.5 Inlet PressureControl Pa1JlJl (IPCP)

01 Analytical offers the Inlet Pressure Control Panel (IPCP) gas regulator (01
Analytical #204776) as an accessory that improves performance and facilitates operation
(see Fig. 2.5). This option is strongly recommended for all applications. Without the
IPCP. pressure changes in the gas supply source may significantly change flow rates in
the system,which in tum will change detector response. The IPCP isolates gases from
minor outside disturbances. such lUI opening or closing valves on other systems or
temperature changes on gas cylinder regulators. A second function of the !PCP is to
provide control for detectors with different line pressure requirements for a given gas.
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NOTE:
T/wTtJJUJ.m

PIDIFID should
not be installed in

tlu "A" detector
positionas this

wouldphysically
prevent installation
ofother detectors in

the "B" position.

Chapter 3
Installation
The following instructions apply to standard installatiOns of 4410 FIDs on HP S890A
and HP S890 Series II OCs. The FlD is intended to be installed only in tandem with an
01 Analytical 4430 PIO. Some inItallations will be to retrofit a FID onto an existing
4430 PID or to install a 44SO PID/FID. These installations arc considered "standard,"
while other applications are ''non-standard." Non-standard installstions require specific,
and often unique, system knowledge that exceeds the scope of this manual. For non
standard installations, contact the 01 Analytical Service Department at 1-800-336-1911.

For simplicity, the following procedures apply to a retrofit installation where a 4430 PID
has already been installed. For installation of the PID detector, refer to the PID
Operator's Manual. In either case, a common starting point exists.

The common starting point requires the following settings:

• All electrical equipment is unplugged,

• All gas pressures are OFF.

• Side, top, and rear panels of the OCarc removed.

• The PIO is installed in the "B" detector position or through a valve box.

• PID-electrometer connections arc made to the "Detector B" circuit board in the
OC.

• The "Detector A" electrometer circuit is available for the FID.

• The PID heater and temperature sensors are installed In the detector base and
connected to the OC electronics.

• The PID exhaust jet assembly is not installed.

Installation 9



10 Chapter 3

FID/HP 5890 GC Installation

Install Gas Flow Module Output Lines _

Each of the output gas lines from the Gas Flow Module is a 1/16" stainless steel tube
with a button-like fitting on one end These button fittings are installed In the bottom
port (auxiliary makeup gas) and two side ports (hydrogen and air) of the Module. Each
of the three tubes is bent flat for shipping but. when appropriately twisted. fit neatly into
the shape needed for installation. The tube lengths supplied are appropriate for installa
tion in the "Detector B" position. The tubes may becut to length and deburred for
installation in other locations. The tubes (especially their cut ends) must remain free
from flow restrictions and from contamination that may interfere with analysis. Install
the output gas lines according to the following procedure:

• Connect a 1/16" stainless steel gas line (01 Analytical #188474) to the auxiliary
makeup output port at the bottom of the Gas Flow Module. Place a manifold 0-
ring (01 Analytical '185116) from the Gas Flow Module Start-up Kit into the output
port, pressing the button fitting against the manifold O-ring (see Fig. 3.1, page 11).

• Secure the fitting with the manifold plate (01 Analytical #197772) with the plate
screw that is provided. The holes in the manifold plate are not symmetric: only one
orientation is appropriate.

• Connect the other two 1/16" stainless steel gas lines to the hydrogen and air output
ports at the side of the Gas Flow Module. Install these gas lines in a manner similar
to the auxiliary makeup line (see Fig. 3.1, page 11).

• The free end of the stainless steel gas lines will be Installed on the detector later.
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Install Gas Flow Module--------

• Slip the Module into place on the backside of the front panel as shown in Fig. 3.1.
The Module fits over the two stand-off posts and is fastened with tho M4 x 4S mm
mounting screw in the center location (do not o",..tlghUn 1M sc"w). Check the
ON/OFF valves for freedom of movement. If the valve knobs are difficult to adjust,
loosen the mounting screw and adjust the ON/OFF knob position until approximately
half-open. Re-tighten the mounting screw and again check for valve knob freedom of
movement.

9

8

Petition A

~
7

1. 1/16" SS Tubing - *188474
2. Manifold Plate - *197772
3. Manifold O-ring - *18S116
4. Output Port
S. Manifold Flow Block
6. 12 mm Plate SCICW
7. 4S mm Mounting Screw
8. Stand-off Post
9. Detector Control Panel

Fig. 3.1 Installation ofGas Flow Modw14
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• Remove the plastic protective backing to expose the adhesive on the PID/FID plastic
face plate (01 Analytical *192211), slip it over the valve knobs on the front panel of
the OC, and press it firmly in place.

Installation 11
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Install Optional IPCP _

Fig. 3.2 IPCP Installation I
Install the IPCP according to the following procedure:

• Tum OFF the Ge's main power switch and disconnect the instrument from line
power.

• Shut OFF supply gases at their main sources.

I..
• Remove the left side panel of the GC by first removing the two screws near the

bottom of the panel then sliding the panel toward the rear of the OC and lifting it
off. I

• Locate the two sets of stand-off posts on the left side of the GC, as shown in Fig. 3.2.
The front location is used if only one IPCP is installed. Both the front and
rear locations are used if two IPCPs are installed.

• Orient the IPCP so that the front stand-off posts project through the two larger
holes in the IPCP. Fasten the panel to the OC with the two screws provided.

I
I

12

WARNING:
Do notapply

supply lin«
pressure to the
regulasors umil
it is tim« to s~t

gosflow for the
PID/FID.

Chapter 3

• Disconnect supply gas lines from the flow controls on the main flow panel and
reconnect them to the IN fittings on the appropriate !PCPpressure regulator. The
IPCP regulators receive 1/8" gas lines from hydrogen, auxiliary makeup gas, and air
sources.

• Disconnect one line at a time and connect it to the IPCP before proceeding with the
next gas line. The IPCP fittings require a 7/16" open-end wrench. The Swagelok
fittings should be finger-tight plus approximately 3/4 of a turn more (use two open
end wrenches). If two Gas Flow Modules are installed on the OC and they require
different supply pressures for a given gas, the higher pressure requirement is plumbed
using a tee fitting prior to the input of the !PCP regulator. The lower pressure
requirement is provided through the regulator of the IPCP. Run 1/8" gas lines from
the tee fitting to the higher pressure Gas Flow Module requirement.

• Apply the appropriate self-adhesive gas supply labels to the front of the !PCP
control panel.

I
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InJtallation 13

Install Gas Flow Module Input Lines iii

Ou Flow Module

Frontof
OC

Air IN

Ha IN

C8nier/Mllkeup-tm====-=======~"""--
IN !PCP

Fig. 3.3 IPCPGasSupplyRowtillg

Ou Line Retainlol Slot

• If an !PCP is not installed, connect 1/8" supply lines to the inlet fittings of the Gas
Flow Module using a 1/8" brass ferrule set (01 Analytical #196(89) and a 1/8" hex
tube nut (01 Analytical '128108) provided in the FID Start-up Kit All Swagelok
compression fittings should be finger-tight plus approximately 3/4 of a tum more (use
two open-end wrenches).

• If an !PCP is installed, 11m 1/8" gas lines from the IPCP OUT fittings to the inlet
fittings of the Gas Flow Module using a 1/8" brass ferrule set (01 Analytical *196(89)
(provided in the FID Start-up Kit), a 1/8" hex tube nut (01 Analytical *128108)
(provided in the FlO Start-up Kit), and a piece of 1/8" copper tubing (provided in the
IPCP Start-up Kit). All Swagelok compression fittinas should be finger-tight plus
approximately 3/4 of a tum more (use two open-end wrenches). 'The side of the
auxiliary makeup line will need to be split with a tee or cross fitting to supply gas to the
injection port controllers, as shown in Fig. 3.3.
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WARNING:
Do not US4J graphik/
Ve.spd~composite

ferrulesfor this
asS4Jmbly as tMy do

notprovide an
adequate seal.

CAUTION:
The set screw holds

the FJD body in place
and does not exert any
sealingforce on the 0-

ring(s). Do not O1l4Jr
tighten. Tighten the

set screw using the
thumb and index

finger on the shaft ofa
0.050" Allen wrench.

14 Chapter 3

Install 4410 FID _

Tho following instructions assume that the 4430 PID is correctly installed on tho OC.
For pm installation, see Chapter 3 of the 4430 P1D Operator's Manual.

1. Graphite Reducing Ferrule - 1196196
2. Jet - 1191817
3. Base - 1191767
4. 1/16" Brass Front Ferrule - 1196170
.5. 1/16" Brass Back Ferrule - 1196162
6. 1/16" Nut - 1196303
7. 1/16" SS Tubing - 1188474
8. Gas-Module-to-Ignitor Wire - 1191916
9. Electrometer Coaxial Cable - 1206110
10. Air Inlet Adaptor - 11963.52

8

Fig. 3.4 Installation of4410 FJD

• Remove the FlD base from the body by loosening the Allen set screw using a 0.050"
Allen wrench.

• Slide a graphite reducing ferrule onto the jet.

• Screw the FlD base (with the two installed a-rings·) and the jet (with tho graphite
reducing ferrule) into the exhaust port of the PIO, as indicated in Fig. 3.4. Make
certain the jet is firmly seated against the recess in tho PID exhaust port. Tighten the
base with a .5/16" wrench.

• Attach the FlO body to the base of the FlO by tightening the Allen set screw. Gently .
check the tightness of the set screw.

• Base designs prior to December 1991 require one a-ring.
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Install Detector Input Gas Lines _

• Tho hydrogen and auxiliary makeup lines arc terminated and connected as directed in
tho PID Operator's Manual (Chapter 3. Installation on HP 5890). Route these gas
lines as shown in Fig. 3.5.

• Route the air line according to Fig. 3.3. Connect the openend to the air inlet
adapter on the FID body using a 1/16" nut (01 Analytical '196303) and a 1/16" brass
ferrule set (01 Analytical '196162 and '196170) provided in the FlO Start~up Kit, as
shown in Fig. 3.4. page 14.
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Install Ignitor Wires _
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1. Ignitor-Power Wire - '191866
2. Gu-Modulc-to-Ignltor Wire - '191916
3. Electrometer Coaxial Cable - *206110
4. Electrometer with Connector - '187344 and '193797
S. Glow Plug Cable Allcmb1y - '191833

Fig. 3.6 FID ElectricalConnections

• Connect the gas-module-to-ignitor wire (01 Analytical #191916) from the
connector on the pigtail of the glow plug assembly to the inboard terminal of the
ignition switch on the Gas Flow Module. referring to Fig. 3.6.

• Connect the ignitor-power wire (01 Analytical '191866) to tho outboard terminal of
the ignition switch. Run this wire through the wire cable tray along the back of the
OC to P8 (HP S890 Series II ) or J8 (HP 5890A) on the OC motherboard (ace
Fig. 3.7).

HP S890 Series II
Location

Communications Interfsce
Board

Electrometer
Boards

Fig. 3.7 P8IJ8Detail
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• Carefully disconnect the P8 or 18 plug and insert the ignitor-power wire terminal Into
position 7 on P8 orposition Ion 18, 81 shown in Pia. 3.7. Pull on the plug itself
rather than on its wires to prevent breakage. Check for positive latching.
Replace the plug In its socket on the motherboard.

Install Electrometer Board _

FrontofOC

Electrometer
Mounting
Bracket

Fig. 3.8 Installation ofElectrometer Board

The following instructions apply to an FlO HP electrometer board.

• Attach the electrometer connector (01 Analytical #193797) to the HP electrometer
board (01 Analytical #187344), referring to Fig. 3.8. Use the three nuts and washers
provided with the electrometer board.

• Attach the electrometer coaxial cable (01 Analytical #206110) to the electrometer
connector.

• Feed the free end of the electrometer coaxial cable through the round hole in the
"Detector A" area of the OC wall.

• Push the electrometer board into the "A" slot while gently pulling the electrometer
coaxial cable through the hole.

• Connect the free end of the electrometer coaxial cable to the coaxial connector on the
FlO body. Tighten the coaxial connector nut approximately 1/4-tum past finger
tight. Do not o.,,,-tlght~n.

Installation 17



• Check all gas connections for leaks.

• Adjust the three !PCP regulators to approximately 4()..~ psi.

Set Gas Pressure with the IPCP _

• Set the column flow rate according to the column manufacturer's instructions and the
intended analytical method.

I
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Additive

30 ml/min
65 ml/min
230 ml/min

Individual

30 ± 2 ml/min
35 ± 2 ml/min
165 ± IS ml/min

Table 1 Gas Flow Rates

Gap

Carrier + Makeup
Hydrogen (PIO Sweep Oas)
Air

NOTE: The gas flow rates recommended should provide reliable FID performance.
However. optimal performance for any chromatographic system may require
minor flow rate adjustments to the flow rates given in Table 1. Increasing
the hydrogen flow rate gains flame stability at the expense of sensitivity.
Increasing air flow rate gains sensitivity at the expense of flame stability.

• Tum all three black QN,QFF valve knobs on the Oas Flow Module clockwise until a
mechanical stop is felt. This closes the hydrogen, auxiliary makeup gall, and air
valves.

• Pressurize the hydrogen. auxiliary makeup gas, and air lines at the supply line source
to approximately 50--60 psi. If the gas lines are split prior to the IPCPfor Oas Flow
Modules requiring dissimilar pressures, set the supply line source to the higher
pressure requirement. The Oas Flow Module with the lower pressure requirement will
be supplied and controlled by the IPCP.

The PIO sweep gas is used as the FID hydrogen gas supply. Therefore, changing the
FID hydrogen flow changes the PIO sweep gas rate.

• Attach a flowmeter to the exhaust port of the PID. Confirm the PID vent valve is in
a closed position.

WARNING:
Hydroglfll ishighly

jlammabk and/MY
CalUlfan uplosioll

if it is allowlfd to
build up ill an

enclosedaT'lfa, such
as ill tM GC OWIl.

Do not tlUll Oil thIf
hydrogen without a

colum»or cap
attached to thIf
detector inkt.

:t

18 Chapter 3

• Set the auxiliary makeup gas flow rate according to Table 1, compensating for the
additive column flow rate. First open the ON,QFF valve and then adjust (with a
small screwdriver) the needle valve located in the center of the black ON/OFF valve
knob. The needle valve opens counterclockwise.

NOTE: When opening the ON,QFF valves to measure gas flows, allow air to be
purged from the gas lines to ensure that the correct flow is measured.

• Set the hydrogen flow rate in a manner similar to the auxiliary makeup
gas. Refer to Table 1.

• Set the air flow rate by first opening the ON,QFF valve and then adjusting the
pressure at the IPCP until the desired flow rate is achieved (see Table 1). The air
flow rate can be set only by adjusting the !pcp regulator pressure: there is no needle
valve for controlling air flow.



I

• Check all gas connections for leaks

• Disconnect the flowmeter from the FID exhaust port.

• Re-check all gas connections for leak•.

Additive

30 ml/mln
65 mllmin
230 ml/min

30 ± 2 ml/min.
35 ± 2 ml/min
165 ± 15 ml/min

Individual

Table 1 Gas Flow Rates

Gas

Carrier + Makeup
Hydrogen (PIO Sweep Gas)
Air

NOTE: The gas flow rates recommended provide reliable FlO performance.
However. optimal performance for any chromatographic system may require
minor flow rate adjustments to the flow rates given in Table 1. Increasing
the hydrogen flow rate gains flame stability at the expense of sensitivity.
Increasing the air flow rate gains sensitivity at the expense of flame stability.

The PID sweep gas is used as the FlO hydrogen gas supply. Therefore. changing
the FID hydrogen flow changes the PID sweep gas rate.

• Set the column flow rate according to the column manufacturer's instructions and the
intended analytical method.

• Attach a flowmeter to the exhaust port of the FlO. Confirm the PIO vent valve is in
a closed position.

• When all fittings are known to be leak-free, replace the side ponel on the OC.

• Pressurize the hydrogen. auxiliary makeup gas. and the air lines at the supply line
source to approximately 50-60 psi.

• Tum all three black ON/OFF valve knobs on the gas flow module clockwise until a
mechanical stop is felt. This closes the hydrogen, auxiliary makeup gas. and air
valves.

Set Gas Pressure without the IPCP _

WARNING:
Hydrog6n is highly

flammobl6 and may
Cau.f6 an explosion

if it is allowed to
build up in an

enclosed area, such
as in 1MGC OV6n.
Do not turn on tM

hydrogen without a
column or cap

auached to the
detector inlet.
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• Set the auxiliary makeup g88 flow tate according to Table 1. compensating for the
additive column flow rate. Fltst open the ON/OFF valve and then adjust (with a
small screwdriver) the needle valve located in the center of the black ON/OFF valve
knob. The needle valve opens counterclockwise.

NOTE: When opening the ON/OFF valves to measure gasflows, allow air to be
purged from the gas lines to ensure that the correct flow is measured.

• Set the hydrogen flow rate in a manner similar to the auxiliary makeup
gas. Refer to Table 1.

Installation 19
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• Set the air flow rate by nut opening the ON!OFF valve and then adjulting the
regulator at the supply preaaure until the desired flow rate is achieved (lee
Table 1). The air flow rate can be set only by adjusting the supply pressure:
there is no needle valve for controlling air flow.

• Disconnect the flowmeter from the FlO exhaust port.

• Re-check all gas connections for leaks.

• When all fittings are known to be leak-free. replace the side panel on the OC.
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Each of these aspects of detector operation is covered in the OC or the PID Operator's
Manual.

General Start-up Settings

Detector Base Temperature: Determined by PID requirements, 200° C or 20° C
above highest column temperature (270° C
maximum)

2° (does not affect output used)

Operation 21

H1 - 3S ± 2 ml/min
Air - 16S± IS rnl,lmin
He - Total of column and makeup. 30 ± 2 ml,lmin

2'

0.0

()"1 Volt full scale, or as required by data system

FID Gas Flows:

Zero Offset on GC:

Attenuation on GC:

RanKe Settlng on GC:

Sienal Output Scale:

• how to heat the detector base and display its temperature;
• how to turn on the detector electronics and display its output;
• how to get a signal output from the detector to a recorder or data system; and
• how to control a solenoid valve (in this case. the PIO vent valve), if desired. from

a 24 VDC output supplied by the OC.

Chapter 4
Operation

In the last chapter, installation of the 4410 FID W81 described. This chapter deals with
the operation of the detector. 11leae instructions assume that the procedures outlined in
Chapter 3 have been completed. Because the 4410 FID is designed to be operated only
in tandem with the OI Analytical 4430 PID. operation of the FID is dependent on an
understanding of the PID. For this reason, it is recommended that the operator review
the operation of the PID. Of particular importance is an understanding of the following:
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CAUTION:
Th«P/D and1M
J1JD may b. hot.

Chapter 4

General Operation _

It is assumed the FlO and column are p'opCll'ly installed. pICI arc Rlt properly, the PID
is operating correctly, and the system iJ free of lcakJ. Refer to Chapter 3 for letting pi

flows.

• Tum ON the OC's main power and follow applicable instructions.

• Set the OC's setpoints for intended analytical method.

• Open the three ON/OFF valves for hydrogen, air, and auxiliary makeup gas.

• Ignite the FlO by pressing the ignition button on the Gas Flow Module. Ignition is
indicated by an audible "pop" and by visible condensation 00 a small, cool mirror
or brightly polished wrench held temporarily near the exhaust port of theFlO. Do
1101 "lUI o"r lIN tktector to 'tlt! If It 1& 'glllt«l.

NOTE: If using helium as the makeup and carrier gas, igniting the detector may be
facilitated by turning OFF or venting the helium flows. Reopen the hellum
gasON/OFF valves (or close the PID vent valve) once the flame lights.

Expected Signal Dynamics at Start-up

When the hydrogen flame is ignited in a new FlO, the output signal typically becomes
saturated, then it decays to a value between 10 and 20 picoamps within 10 hours. This
delay is due to the slight contamination occurring during assembly and installation.
After a new FlO has been operated continuously for several days, a baseline signal of
5-10 picoamps is expected for clean systems using the properly conditioned commercial
chromatographic grade gases suggested in this manual. A persistent steady high
background current generally indicates impurities in the gas delivery system.
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CAUTION:
The PJD and the
FlD may be hot.

Chapter 5
Maintenance
This chapter discusses the maintenance of the 4410 FID. Due to the simple design of the
4410 FlO, little maintenance is required.

The jet, the collector electrode, and the FID body may need to be cleaned or replaced
due to corrosion or chemical deposits, depending on frequency of use, type of sample
and solvent used, column type, and gas purity. H a contaminated detector is suspect:

• Tum OFF the gas flows to the detector and shut OFF the OC power.

• Allow the detector to cool down several minutes.

• Remove the short coaxial cable from the electrometer connector assembly and the
1/16" nut and ferrule at the air inlet fltting.

• Disconnect the ignition wire at the pigtail of the glow plug assembly.

• Remove the FlO base by unscrewing the base from the PIO exhaust port using a
5/16" open-end wrench. When standing in front of the OC, the base will unscrew
in a clockwise rotation.

• Loosen the 0.050" Allen set screw from the FID body. Remove the FlO body by
gently pulling it away from base. The set screw should be loosened fully be/on
removal of the FID body to avoid O-ring damage.,

• Visually inspect the interior of the FID body, the jet, the collector electrode, and
the two brown Vespel-ferrules. If necessary, clean or replace contaminated
parts according to Table 2 on page 24.

Maintenance 23
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M6thanolis

flammobk aNl
toxic. S66 tM
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WARNING:
TMinurnal

components oflM
FID may be hot.

CAUTION:
TIw Allen set
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and does not exert
anysealingforce

on th« O-ring. Do
not over-tighten.

Tighten tM set
screw using thumb

and iNkxfing4r
on the shaft ofa

0.050" Allen
wrench.
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Table 2

Symptom Contamination C8WIe SoIudoa

Black Carbon soot High Scrub interior of collector electrode
deposits concentration with acleaning brush. then rinse

of solvent and with methanol.
analyte

White Silica Combustion of Remove the glow plug cable
coloration particles column station- assembly from the FID body.

arybleed Clean with methanol, being careful
not to damage the electrometer
connector assembly.

Dark orange Surface Excessive water Place the FID body, jet, collector
deposits oxidation (rust) entering the electrode, and the two Veapel-

detector or ferrules in an ultrasonic bath of
production methanol for approximately 30 min.
from an air Dry all parts in a suitable oven at
rich flame 40° C for 15-20 min.

Replace any contaminated or
difficult to clean components.

Green to Acid Combustion of Replace defective partI. Check
blue-green formation anaIytes and the hydrogen and air gas flows,
coloration solvents, espec- adjust if necessary.
or corro- ially chlorinated
sion compounds in

the presence of
excessive water

• Inspect the two viton a-rings· attached to the FlO base and replace if discolored,
chalky, cracked, and/or brittle.

• Remove the graphite reducing ferrule from the PID exhaust port. Remove any
remaining graphite particles with compressed air or other suitable means.
Graphite particles in the PID tower and in the uunpk path to the FID may
signiflcantly affect the PlD and FID perjormtlnc,.

• Slide the jet into a new graphite reducing ferrule and screw the FlO base (with
the jet and ferrule) firmly into the exhaust port of the PID.

• If necessary, reconnect the glow plug assembly to the FlO body.

• Reassemble the flO by sliding the detector body firmly onto the base and gently
tightening the Allen set screw. Do not over-tlght,n.

• flO base designs prior to December 1991 require one a-ring.
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• Reconnect the ignitor glow plug assembly wires, the stainless steel air line, and
the electrometer coaxial cable.

• Tum ON the power to the OC and open allgu suWliea (check for leaks and
reconfirm gas flow rates).

• Ignite the detector, allowing it to stabilize while monitoring the baseline
signal to confirm that it decays to a value between 10 and 20 picoamps in
approximately 10 hours. Mter the FlO has been operating continuously for
several days, a baseline signal of S to 10 picoamps should be expected for a
properly cleaned system using the required grade gases and gas traps.

Maintenance 2S.
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Chapter 6
Troubleshooting

Once the 4410 FID is installed and operating properly. make note of the signal display
and a typical baseline on the recorder or data syatem with no zero offset. A typical
chromatogram for comparing response is also useful. Care should be taken to examine
the entire OC system in any troubleshooting attempt.

Generally. there are three causes of FlO signal malfunctions: (1) contamination. (2)
errors in setting gas flow rates. and (3) electrical problems. Refer to the Troubleshooting
Chart at the end of this chapter for an overview of possible symptoms and their corre
sponding solutions. Each listed symptom may be caused by more than one potential
problem. Before using this guide. please become thoroughly familiar with the operation
and maintenance information in the previous two chapters.

Contamination _

Low quality gas will lead to system contamination. The purity of the hydrogen. air. and
auxiliary makeup gases is often the limiting factor in FID signal quality. The effect of
gas purity will vary according to method, column type. stationary phase chemistry.
sample concentration. injection technique. effectiveness of gas line filters. etc. In
general. the commercial grade gases suggested in this manual with appropriate condi
tioning will suffice.

Inappropriate sample preparation can lead to system contamination in a variety of ways.
If the sample contains material that will not readily and completely elute from the
system. contamination is likely. If the sample corrodes or degrades any part of the
system. contamination will also occur. Replace and/or clean the affected parts.

The surfaces of the gas system must be analytically clean at the time of final assembly of
the system. Unintended influx of any gas through leaks or permeable components must
be avoided. Leaks are most easily detected by charging the system with helium and then
searching the system's exterior with a helium leak detector. Do not use permeable
materials in the system. Transpermeation or out-gaslng from these materlals will raise
the background signal and sometimes yield false or misleading peaks.

Gas Flow Rates -----------
Errors in measuring and setting gas flow rates for hydrogen. air. and auxiliary makeup
gas will cause system problems. Difficulty in igniting the FlO may be caused by setting
the gas flow rate outside the practical flammability envelope. A flame that is hydrogen
lean or air-rich will be difficult to ignite. If the flame is hydrogen-rich, it is probable that
deposits of sample residue on the jet and collector will occur and cause reduced sensitiv
ity.

Troubleshooting 27
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Electrical Problems _

FIt> electrical problems can be divided into two categories: Ignitor difficulties and
signal problems. Ignitor difficulties are usually due to a defective glow plug assembly,
ignitor switch, ignitor cables, or improper ignitor cable connections. Refer to Chapter 3
for the proper ignitor cable installation. Check all connections and, if necessary,
identify defective component(s) in a logical, systematic fashion. FlO signal problems
are usually due to defective electrical components or incorrect signal pathways.

Verify the signal pathway with the aid of the diagnostic chromatogram test built into
the HP OC. A perfect signal plot Indicates a correct pathway. The problem, such as a
lost or noisy signal, will then be chromatographic (i.e., a contaminated. detector, leaks,
etc.). Noisy peaks on the plot indicate noise in the electrical system usually due to
defective parts or poor electrical connections. No peaks on the test chromatogram
indicate improper electrical connections, improper signal assignment, or defective
components. To isolate electrical component problems, use a modular approach.

Overview

Use the available technical resources and a knowledge of the analytical system to aid in
diagnosing signal problems. Because the OC analytical system is modular, use a
process-of-elimination approach to identify and eliminate causes of problems. Use the
instruction manuals of the various system components to assist in solving unusual or
particularly difficult problems.
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FID Troubleshooting Chart _
Symptom Probable C8UIle Correcdve Action

noise on baseline loose electrical tighten connection
connection

vibration of cable re-route cable

contamination in clean/replace
detector contaminated parts

leaks in systcrD identify and fix leaks

improper ground check ground continuity
connection

signal cable routed re-route cable
near power cable

faulty electrical verify signal pathway
component and diagnose electrical

system - replace compo-
nents as necessary

spike (random) particle contamination clean or replace jet and/or
in FID flame collector (solid build-up

is caused by column
contamination of FID bleed, improper sample
components preparation, injection

volume being too large,
or incorrect gas flow
rates)

loose or faulty check connections and
electrical components diagnose electrical system

high or increasing electrical noise verify signal pathway and
background in diagnose electrical system
isothermal mode in modular fashion-

correct as necessary

contaminated gas use higher purity gases

condition gases with
filters and/or traps

contaminated inlet verify signal pathway and
system, column bleed, diagnose system in
PIO contamination, modular fashion-
dirty jet, contaminated correct as necessary
Gas Flow Module, and!
or improper sample
preparation

Troublcahootina 29
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Symptom (cont'd) Probable Cause (CODt'd) Corrective Actio. (cont'd)

broad eluting peaks contamination in diagnose system in
system modular fashion-

correct U necessary

large solvent peak decrease sample volume
interruption

colwnn overload decrease sample volume

restrictions in PIO check all g88 flow paths
orPID for obstructions, particles.

and graphite

improper carrier adjust flow rate
flow rate

flame gOO8 out or Incorrect g88 flow rates adjust gas flow rates
will not light (review operating

conditions)

gas leak fixlealcs

improper ignitor diagnose ignitor electrical
electrical connections system in modular

fashion - correct 88
necessary

damaged or dirty jet replace jet

defective glow plug replace glow plug
assembly

improper column or correct 88 needed (review
FID installation installation procedures)

restriction in PIO check installation of FID
exhaust port reducing ferrule, jet, and

detector base

large solvent peak reduce sample size
interruption

loud "pop" during flame incorrect g88 flow rates adjust gas flow rates
ignition (NOTE: a soft audible (review operating

"pop" is normal if conditions)
flame lights}

no response faulty electrical diagnose electrical
components or system In modular fashion
connections - correct as necesaary

excessive gas leaks fix leaks
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Symptom (coot'd) Probable Cause (c:oat'd) Corrective Action (coot'd)

no response flame not lit check flame (review
operating conditions)

improper FID correct as needed (review
installation installation procedures)

reduced sensitivity Incorrect gas flows adjust gas flow rate

contaminated detector clean or replace
contaminated components
(review maintenance
procedures)

gas leaks ftxleaks

electronic noise verify signal pathway and
diagnose electrical system
in modular fashion -
correct as necessary

damaged jet replace jet

restriction in PIO or FID check all gas flow paths
for obstructions. particles.
and graphite

Troubleshooting 31
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Chapter 7
Replacement Parts

In Chapter 2, the various components of the 4410 FlD were identified and described.
This chapter is a listing of the order numbers for these components and for other replace-
meat parts and support items, Replacement parts that OI Analytical considers expendable
(EXPO) are marked as such. ExPendable components are ODes that are to be replaced
regularly or are easily broken or deformed.

Part Name Part # VIM EXPD

Base - FlO 191767 ea
Cable - Analog (D-l V) 185850 ea
Cable - Coaxial Electrometer 206110 ea
Cable - Gas Module to Ignitor 191916 ca
Cable· Glow Plug Assembly 191833 ea
Cable - Ignitor Power 191866 ea
Casing - FlO Body 191759 ea
Connector - Electrometer 193797 ea
Connector - Coaxial Cable 191791 ea
Electrode - Collector 191825 ea
Ferrule - BR 1/16 Tube Back (5/Pk) 196162 pk •
Ferrule - BR 1/16 Tube Front (5/pk) 196170 pk •
Ferrule - BR 1/8 Tube Set (10/Pk) 196089 pk •
Ferrule - ORP 1/8 x 1/16 Tube (5/Pk) 196196 pk •
Ferrule - Upper FlD Body 191775 ea
Ferrule - Lower FlO Body 191783 ea
Fitting - Adapter BRINI 1/16 Tube (5/Pk) 196352 pk •
Fitting - BR 1/8 Cross Tube Male 186239 ea
Fitting - BR 1/8 Female 128108 ea
Fitting - BR 1/8 Port Tube 117721 ea
Fitting - BR 1/8 Tee Tube Male 124750 ea
Fitting - BRINI 1/16 Nut Male (5/pk) 196303 pk •
Jet - 0.3 mm J.D. 191817 ea •
Kit - Gas Module PID/FID 192013 ea
D-Ring V1N Base (5/Pk) 210278 pk •
D-Ring V1N Manifold (l2/pk) 185116 pk •
Plate - Manifold Block 197772 ea
Screw - Allen Set 6-32 x 1/8 131961 ea
Screw - Machine 2-56 x 3/16 144361 ea
Standard - Detector 100 ppm 222919 ea •
Sub Assembly - FlO 191742 ea
Tube - CU 1/8 x 0.070 J.D. 111427 ft •
Tube • SS Gas Module Output 188474 ea
Valve· Needle Oas Module 185587 ea
Valve - DN/OFF Gas Module 191973 ea

Replacement Parta 33
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