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The 6890 Series Gas Chromatograph

The 6890 Series Gas Chromatograph is referred to as “the GC” throughout this
manual.

Control tables

This GC is controlled by a lengthy list of setpoints (temperatures, times, choice
of signal, and so on) that are organized into control tables. This is a typical oven
control table:

OVEN -~ Control table title

Visible setpoints in the display

. 1 5 | Not-currently-visible setpoints
) i

Rata 2 Cafe)
Rate ¢ (off

¢ Control table title—This line identifies the table. It does not move when the
rest of the table moves up or down.

e Visible setpoints in the display—The display has four lines. The title uses one
line leaving three to show setpoints and, inthe Temp line, the current actual
value.

¢ Not-currently-visible setpoints—This table contains six setpoint lines. The
lower three can be moved into the viewing window when needed.

Installed equipment

Yourinstrument only displays control tables for items that are physically present.
There is no way to see a control table for an inlet, detector, or other device that
is not installed.

Control tables that list many instrument functions, such as [Status] or [Config],
only show items that are installed. Therefore, the sample displays in this manual
may be somewhat different than those on your instrument.
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General Information
Using control tables

Using control tables

The general procedure for setting up the instrument is:

1. Press a key to call up a control table. It appears in the display. The first line
is a title that identifies the table.

2. Inspect the setpoints in the table (you may have to scroll up or down if it is
along table).

3. Edit selected setpoints in the table.
4. Repeat this process with other tables until you have what you want.
5. Analyze the sample.

The advantage of a table is that it contains groups of related setpoints. You can
inspect them and alter them easily and quickly without having to execute key
sequences for each.

For example, to set up the front inlet, press [Front Inlet]
Lo J () (o J B ) (o) (B
(o ) (o) (2 (B2 ) 2] (B

) ) ) B

The control table for the type of inlet in the front position appears in the display.
Control tables for three inlet types, all with Electronic Pneumatic Control (EPC),
are shown in Figure 1.
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Cool on-column

L

H FRONT INLET (COC)
% Mode: Track oven
L Temp 53 53

Pressure 10.0 10.0 <
Split/Splitless
Mode: Split
Temp 250 250 <
§sUur 10.0 10.0 _
FRONT INLET (S/SL)
1 Split ratio 100
[ 1§plit flow 76.6
'Tot flow 80.4 80.4
Gas saver on
Saver flow 20.0
Saver time 2.0

Figure 1

o A

General Information
Using control tables

Purged packed

R T A T L T
| FRONT INLET (PP) |
| Temp 250 250 < |
| pressure 10.0  10.0 |
{Tota{ flow 5.0 é

The top of the table. Use the scroll keys
(page to move it into the display).

The title line does not move.
You can view three lines of
the table in the display

The bottom of the table. Use the scroll
keys to move it into the display.

Some inlet control tables

Use the cursor keys (A and V) to move the cursor (<) to the line you wish to
change, type the new value, and press [Enter]. Repeat until the table is as you

want it.

Tables change depending on the modes you select and the instrument

configuration. Your tables are probably somewhat different from these.
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General Information
Some specifics

Some specifics

Gas control

The GC can control all gas streams—inlets, detectors, and three auxiliary flows—
from the keyboard using Electronic Pneumatic Control (EPC). EPC allows flow
and pressure setting plus a variety of program modes.

Some nonEPC inlets and detectors are also available. They function in the
conventional manner using flow controlers, pressure regulators and a separate
flow meter. Only on/off control is available from the keyboard.

Columns

You can control the behavior of the carrier gas in the column, specifying constant
or ramped flow or constant or ramped pressure. EPC inlet systems maintain this
behavior for the entire run, even with temperature programming.

The column should be set up before the inlet!

Signals

Signals are the data streams that exit the GC for processing by some other device.
There is a wide selection, both analog and digital.

Automation

The run time table executes commands at specified times after injection. The
clock time table executes commands at specified times of day.

Methods and sequences

The active method is the set of control tables and values that is presently
controlling the GC. Up to five methods can be stored in memory.

A sequence is alist of sample locations and the stored methods to be used to run
them. Up to five sequences can be stored. Samples may come from either an
automatic liquid sampler or a sampling valve with a stream selector valve.
Sequences can be interrupted to run urgent samples.
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General Information
Strategy

Valves

Switching valves can be used for various column operations. Gas sampling valves
can be used either manually or with a multiposition stream selection valve. If
the multiposition valve is used, it can be combined with a sequence to control
the sample selection and analysis.

Strategy

The GC is organized around a set of control tables, each containing a group of
related setpoints. It is controlled by viewing and editing the tables to meet your
analytical needs. Some suggestions for doing this are:

The content of many tables depends on what equipment is present. While
the GC can sense many of its components, some information (such as what
carrier gas is in use) must be entered by you. Always configure (define)
instrument elements before trying to use them.

When setting up for analysis, configure the carrier gas first, then the column
mode, and finally the inlet. Detectors can be set up at any time.

Use the [Config] key routinely to verify that the configuration is what you
believe it to be.

Use the [Info] key for help with setpoint ranges, next action to perform, and
other advice.

Many setpoints require that you select from alist of choices. The [Mode/Type]
key opens these lists. If a setpoint seems to call for an entry other than a
number or [On] or [Off], try [Mode/Type] to see if there is an underlying menu.

28



General Information
Maintenance information

Maintenance information

Fuses and batteries

The GC requires fuses and batteries for proper operation. These should only be
accessed by Agilent service personnel.

Table 1. Mainboard Fuses and Batteries

Fuse designation Fuse rating and type

F1,F2, F3, F4 8A, 250 Vac, IEC 127 type f (non-time delay), glass body
Battery designation Battery rating and type

BT1 3-volt lithium battery, Panasonic BR3032

Table 2. AC Board Fuses

Fuse designation Line voltage Fuse rating and type

F1,F2 120V 20 A, 250Vac, IEC 127 type f (non-time delay), ceramic body
F1,F2 200V -240V 15 A, 250 Vac, IEC type f (non-time delay), ceramic body
F3, F4 All 8 A, 250 Vac, IEC type f (non-time delay), glass body
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General Information
Maintenance information

Maintenance schedule

The frequency of maintenance depends upon:

The level of usage of the GC

The type of samples injected

Whether injections are manual or automatic

Whether the instrument is used for multiple applications or dedicated to one
Other environmental factors, such as dirt, ambient temperature, etc.

Table 3.

Maintenance Schedule

Maintenance frequency

Items

Daily

Weekly
Monthly

Quarterly

Semiannually

Annually

Change septa, run a calibration sample, check the tightness of liner and
column nuts’

Change glass liners and 0-rings, if applicable

Clean the split/splitless inlet vent line trap

Perform a leak check for hydrogen. Check all the connections from the initial
supply. At the GC, leak check the inlet and the column connections to the
inlet and detector.

Renew gas cylinders2
Clean detectors, perform wipe test on u-ECD

Recondition or replace internal and external traps and chemical filters

! Very important for temperature programming using Vespel or Vespel/graphite ferrules

2 With typical usage, A-size cylinders will supply two dual-channel chromatographs for about
three months. Replace the cylinder when its pressure drops below 500 psig.
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General Information
General warnings

General warnings

Many internal parts of the GC carry dangerous voltages

If the GC is connected to power sources, even if the power switch is off,
potentially dangerous voltages exist on:

¢ The wiring between the detector power cord and power switch

¢ The wiring between the GC power cord and the AC power supply, the AC
power supply itself, and the wiring from the AC power supply to the power
switch.

With the power switches on, potentially dangerous voltages also exist on:

e All electronics boards in the instrument
e The internal wires and cables connected to these boards.

WARNING

All these parts are shielded by covers. With the covers in place, it should be
difficult to accidentally make contact with dangerous voltages. Unless
specifically instructed to, never remove a cover unless the detector, inlet, or oven
are turned off.

Ifthe power cord insulation is frayed or worn, the cord mustbe replaced. Contact
your Agilent service representative.

Electrostatic discharge is a threat to GC electronics

The printed circuit (PC) boards in the GC can be damaged by electrostatic
discharge. Do not touch any of the boards unless it is absolutely necessary. If
you must handle them, wear a grounded wrist strap and take other antistatic
precautions. Wear a grounded wrist strap any time you must remove the
electronics side panel.
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General Information
General warnings

Many parts are dangerously hot

Many parts of the GC operate at temperatures high enough to cause serious
burns. These parts include but are not limited to:

¢ The inlets

e The oven

e The detectors

¢ The column nuts attaching the column to an injection port or detector

You should always cool these areas of the GC to room temperature before
working on them. They will cool faster if you first set the temperature of the
heated zone to room temperature. Turn the zone off after it has reached the
setpoint. If you must perform maintenance on hot parts, use a wrench and wear
gloves. Whenever possible, cool the part of the instrument that you will be
maintaining before you begin working on it.

WARNING

Be careful when working behind the instrument. During cooldown cycles, the
GC emits hot exhaust which can cause burns.

The insulation around the inlets, detectors, valve box, and the insulation cups is
made of refractory ceramic fibers. To avoid inhaling fiber particles, we
recommend the following safety procedures: ventilate your work area; wear long
sleeves, gloves, safety glasses, and a disposable dust/mist respirator; dispose of
insulation in a sealed plastic bag; wash your hands with mild soap and cold water
after handling the insulation.

32



General Information
Shutting down the GC

Shutting down the GC

For less than one week

In general you can always leave the GC power on when not in use. If you will not
use the GC for up to approximately one week, conserve gases and energy as
follows:

¢ Reduce detector, inlet, and column temperatures to 150-200°C to save
energy.

e Turn off corrosive or potentially hazardous gas flows, such as oxygen and
hydrogen.

¢ Reduce flows of carrier and makeup gases.

e Turn off coolant supplies at their sources.

WARNING

Never leave flammable gas flows on if the GC will be unmonitored for long
periods of time. If aleak develops, the gas could create afire or explosion hazard.

Maintaining the instrument with a lowered temperature and reduced carrier and
makeup gas flows keeps impurities from building in your column, inlet, and
detector.

For more than one week

1. Setallheated zonesto ambient temperature and turn off the detector support
gas flows. Leave the carrier gas flow on.

2. When the GC is cool, turn it off.
3. Turn off all gas and coolant supplies at their sources.

4. Remove the column and cap its ends to prevent contamination. Store the
column in a cool, dry place.

5. To prevent contamination, cap the inlet and detector column fittings.

6. If gas connections are removed from the GC, cap the intake fittings on the
back panel of the GC and on the inlet manifold.

7. 1If desired, replace the split vent trap filter cartridge (if present).
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2 The Keyboard and Display

The display
The status board
The keyboard

Instant action keys [Start], [Stop],
and [Prep Run]

Function keys

Short-cut keys [Temp], [Pres].
[Flow], [Det Control], [Ramp #]
[Temp], [Pres], and [Flow]

[Det Control]
[Ramp #]

[Info]

[Status]
The Ready/Not Ready status table
The setpoint status table
Procedure: Configuring the set-
point status table

Miscellaneous keys
[Time]
Procedure: Setting time and date
Procedure: Using the stopwatch
Procedure: Setting up [Post Run]
[Run Log]
[Options]
[Config]

Modifier keys
[Mode/Type]
[Clear]
[Delete]
[]
[-]
Storage and automation

Default parameters
Procedure: Loading the default
parameters

34



The Keyboard and Display

Display

The title and three lines of a
control table are visible at
one time.

Status board

Flashing or solid display LEDs
show information about the
current state of the instrument.

Keyboard

Press a key to view a
control table or to enter
setpoints.

Figure 2 The GC controls




The Keyboard and Display
The display

The display

Think of this as a window through which you view the control tables. The top
line is a title—the other lines show the table content. If the table is more than
three lines long, use the scroll keys to see the additional lines.

Scroll keys (A,V¥)
Move the control table up or down in the display window.
The cursor (<)

Points to the line that is in editing position. Changes that you make using the
keyboard apply to the “cursored” line.

Asterisk (*)

A blinking asterisk prompts you to press [Enter] to store a setpoint or [Clear] to abort the
entry. You cannot perform any other task until this is done.

- S T AR e s B R -

' COLUMN 1 |

1 pim 10.0 m 320 u |

i sure 0.0 ff T

! zizzﬁw ¢ 0.0 0 . If this asterisk blinks, you cannot perform
b G T TR . any other function until you press [Enter]
Mode: Constant flow or [Clear.

The asterisk on the left of a Mode/Type table indicates the current selection.

MQde:

Constant flow

B T T Pres§[ModeIType] twice.

Ll COLUMN 1 P ;

I pim 10.0 m 320 u COLUMN 1 MODE

' Pressure 0.0 off | , Constant pressure <
| Flow o 7 V§‘<‘§i é%*tsmstant flow z
VQéﬁééify 0.0 J “,‘RaWQQQ;Ffeﬁﬁﬁfe

Em Ramped flow
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The Keyboard and Display
The display

Beeping instrument

If a gas flow cannot reach setpoint, you hear a series of beeps. The flow shuts
down after 1 or 2 minutes.

If a hydrogen flow is shut down or a thermal shutdown occurs, a continuous
beep sounds. Cancel the beep by pressing [Clear].

Any other type of fault, warning, or shutdown is accompanied by one beep.

Blinking setpoint

If a gas flow, multiposition valve, or the oven is shut down by the system, Off
will blink at the appropriate line of the control table. This helps you identify
where the problem occurred.

The detector On/Off line blinks if there is a pneumatics shutdown or a failure in
another part of the detector, such as a TCD filament.

Actual and setpoint values

When there are two values in one line of a control table, the left value is always
actual and the right value is always a setpoint. When there is only one value, it
is either an actual or setpoint, depending on the table. On some control tables—
such as those controlling columns—the far right number is both actual and
setpoint.

FRONT INLET (PP)
Actual values

il Temp 250 250 < .

%g Preigure 10.0~ 10.0 & Setpoint values

w Total flow 5.0 Actual value

| COLUMN 1

I Dim 30.0 m 320 u Actual value

i Pressure 10.04 10.0 Setpoint value

| Flow , 1.7 Setpoint and actual values
Velocity 51

Mode:Constant pressure
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The Keyboard and Display
The display

Messages

Cautions are reminders that your instrument may be configured incorrectly.

You see this message when:

e [Column 1] and [Column 2] are configured to one inlet or one detector.

¢ An auxiliary flow channel is used as an inlet, and the auxiliary carrier gas
type is configured as air. You cannot use air as a carrier gas.

Caution message:

CAUTION:
n 1 & 2 are

ted to the

Press [Clear] to remove the message. You can
then reconfigure the instrument, if desired,
or continue with your current configuration.

same detector

Errors mean that:

¢ The setpoint you've entered is out of the allowable range.

¢ You do not have the hardware on your instrument to support the operation
you have requested.

Error message:

E R g’Q R: éu kt O{ %a nge A Press [Clear] to remove the message.

. - You must enter a new setpoint, change
that hardware, or reconfigure the
instrument before continuing.

0 to 120 deg C/min

0=0ff

Popups appear when a Shutdown, Fault, or Warning occurs. They contain the
type and number of the error and a brief description. See ”Warning”.

Popup message:

SHUTDOWN (# 6):
Press [Clear] to remove the message.

Back inlet
flow shutdown
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The status board

The status board

QuenRamp O Not O Run
Read
Final v
Tem
] post [] Remote [ Clock
Run Table
Rate Gas Saver
Pre[] O Front ] Run
Run Initial Log
Temp [J Back
Figure 3 The status board
Table 4 The Display LEDs
LED Description
Pre Run Lit when the GC is in the Pre Run state (after [Prep Run] is pressed). See page 285 for

more information.

Oven Ramp LEDs Show the progress of the oven temperature program. The Rate LED blinks if the
oven is unable to follow the program.

Post Run Lit when the instrument is executing a post run.

Not Ready Lit when the GC is not yet ready to make a run. Blinks when the instrument has
one or more fault conditions. Press the [Status] key to see which parameters are
not ready or what faults have occurred.

Run Lit when the instrument is executing a chromatographic run.

Remote Indicates that communication with a remote device has been established.
Clock Table Indicates that the clock table has entries.

Gas Saver Indicates that the front or back gas saver is on.

Run Log Indicates that the run log has entries. This information can be used for Good

Laboratory Practice (GLP) standards.
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The Keyboard and Display
The keyboard

The keyboard

Stop Prep | [ Start
Run
Oven Front Col 1 Front Signal 1| |Col
Inlet Det Comp 1
Aux # Back Col 2 Back Signal 2| |Col
Inlet Det Comp 2
I Temp Pres Flow Det Ramp #
Control
I I
Status Mode Info Clear A
_Type
Time On Enter v
Post Off 7 8 9
Run
Run Front 4 5 6
Log
Options Back 1 2 3
Config Delete 0 L _
|
Method Storage and Automation
Load Method| | Run Front Valve #| | Seq
Table Injector Control
Store Seq Clock Back Sample
Table Injector] |Tray
Figure 4 The keyboard

Instant action
keys

Function keys

Short-cut keys

Information keys

Numeric and
modifier keys

Miscellaneous keys

Method storage
and automation
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The Keyboard and Display
Instant action keys [Start], [Stop], and [Prep Run]

Instant action keys [Start], [Stop], and [Prep Run]

These keys cause the instrument to do something now.

[Start] and [Stop]

Start and stop any type of run. [Stop] cancels a Pre Run, Post Run, or power fail
recovery and aborts a local sequence.

[Prep Run]

If you are using one or more of the following functions, you must press [Prep
Run] to prepare for a run:

¢ (Gassaver—cancels gas saver flow and brings inlet flow to its setpoint value.

e Splitless injection—closes the purge valve.

e Pulsed split or splitless injection—increases inlet pressure to the pulse
setpoint.

¢ Solvent vent injection—changes inlet pressure to the vent pressure setpoint
and split vent flow to the vent flow setpoint.

Pressing [Prep Run] turns on the Pre Run LED. When the LED is blinking, the

instrument is preparing for arun and waiting for instrument setpoints (other than the ones

associated with Prep Run) to be reached. Once these setpoints are ready, the LED remains

on and the Prep Run events occur. After a 6-second equilibration time, the instrument is

ready for a run and the Not Ready light goes out.

If you press [Prep Run] while the Pre Run LED is blinking, the LED stops blinking
before all setpoints are ready. At this point, the gas saver and purge valve portions of
your split/splitless inlet are ready for a run.

With most automatic injection systems, you do not need to use the [Prep Run]
key. If your sampler or automation controller (for example, an integrator or
workstation) does not support the Prep Run function, you must set the
instrument to Auto Prep Run. See the example “[Config]” on page 56.

Function keys

Table 5 lists the function keys, a brief description of their use, and where to find
detailed information.
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The Keyboard and Display
Function keys

[Front Inlet] and
[Back Inlet]

[Col 1] and [Col 2]

[Front Det] and
[Back Det]

[Signal 1] and
[Signal 2]

[Col Comp 1] and
[Col Comp 2]

Control inlet operating parameters.

Control column pressure, flow, or velocity.
Can set pressure or flow ramps.

Control detector operating parameters.

Assign a signal, usually to the front or back
detector.

Create a column compensation profile.

Table 5 The Function Keys
Key Use to: For more information:
[Oven] Set oven temperatures, bothisothermaland ~ See "The Column Oven”.
temperature programmed.
[Aux #][1] and Control extra temperature zones suchasa  See "Valve Control”.
[Aux #] 2] heated valve box, a mass selective
detector, an atomic emission detector
transfer line, or an “unknown” device. Can
do temperature programming.
[Aux #1131, Provide auxiliary pneumatics to an inlet, See "Flow and Pressure Control” and "Valve Control”.
[Aux #] [4], and detector, or other device. Can do pressure
[Aux #] [5] programming.

See "The Split/Splitless Inlet”, “The Purged Packed
Inlet”, “The Cool On-Column Inlet”, “The Programmable
Temperature Vaporization Inlet”, "The Volatiles
Interface”, “NonEPC Inlets”, "The Pneumatics Control

See "Flow and Pressure Control”, “The Split/Splitless
Inlet”, “The Purged Packed Inlet”, “"The Cool On-Column
Inlet”, “The Programmable Temperature Vaporization
Inlet”, “The Volatiles Interface”, “NonEPC Inlets”, “The
Pneumatics Control Module”, "The Flame lonization
Detector”, "The Thermal Conductivity Detector”, "The
Nitrogen-Phosphorus Detector”, "The Micro-Cell
Electron Capture Detector”, “The Flame Photometric
Detector”, .

See "The Flame lonization Detector”, "The Thermal
Conductivity Detector”, “The Nitrogen-Phosphorus
Detector”, "The Micro-Cell Electron Capture Detector”,
"The Flame Photometric Detector”.

"

See "Signal Handling".

See "Signal Handling".
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Short-cut keys [Temp], [Pres], [Flow], [Det Control], [Ramp #]

Short-cut keys [Temp], [Pres], [Flow], [Det Control], [Ramp #]
Quickly access a setpoint from within a table.

[Temp], [Pres], and [Flow]

If no control table is open, pressing these keys gives you:

[Temp] Oven temperature

[Pres]  Front inlet pressure (hack or auxiliary pressure channel if front inlet is not
installed)

[Flow]  Column 1 or 2 flow if EPC inlet. If not EPC, front detector or back detector
flow.

If the parameter is in the open control table, the cursor jumps to that line:

[Front Det] table open, cursor on
Mkup (He) Cursor moves to Temp

Mode: Con

Mkup (He) 0.0 off

Flame 0

Qutput 2wl
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Short-cut keys [Temp], [Pres], [Flow], [Det Control], [Ramp #]

If the parameter is not in the open table, the key opens an appropriate table. For
example, if the oven control table is open and you push [Pres], the front inlet
control table opens with the cursor on the Pressure line.

[Oven] table open

OVEN
Temp 24 50
Init time 5.00
Rate 1 10 <
Final temp 1 150
Final time 1 5
Rate 2 (off) 0.00

[Det Control]

Press

[Pres]

[Front inlet] table opens

FRONT INLET (S/SL)

Mc Splitless
24 off

sure 0.0 off
Purge time 0.00
Purge flow 0.0
Total flow 0.0
Gas saver off

When viewing a detector control table, [Det Control] moves the cursor to the on/

off control for that detector.

[Front Det] table open, cursor on
Temp line

ament

Output

Press [Det Control]

Temp 24 off

Ref flow 0.0 Off

Mkup (He) 0.0 off
FRONT DET (TCD)

Filament off <

Cursor on Filament, the

On/0ff line for the thermal
conductivity detector
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With a nondetector control table, [Det Control] opens the front detector control
table (or back, if a front detector is not installed). The cursor is at the on/off
control for that detector.

[Front Inlet] [Det Control]
Temp 24 off
H2 flow 0.0 off
y Air flow 0.0 off
N | Mode: Const makeup
- . | Mkiun (N2 g O+
BoreE ViR 0.00 | Mkup (NZ2) U.’U off
5 > flo 0.0 ; FRONT DET (FID)
Turge TLOM " l . Flame 0ff <
Total flow 0.0 T r| rLane B o
" e 0ff OQutput (off) 0.0
bGas saver I
Cursor on F1ame, the on/off
control for the flame ionization
detector
[Ramp #]

With a control table open that has no temperature, flow, or pressure ramps,
[Ramp #] plus a number opens the Oven control table. If no ramps are specified,
the cursoris onthe Rate 1 (off) line.

Press [Ramp # [2]
OVEN
Oven control table opens. Because no

Rate 1 (off) 0.00 < - temperatureramps are set on this table,
cursorison the Rate 1 (off) line.

With a control table that contains temperature, flow, or pressure ramps, [Ramp #]
(1-6) moves the cursor to the first line of the ramp number specified. If the ramp
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[Info]

number does not exist, the cursor goes to the highest ramp number in the control
table.

[Col 1] table open, cursoron Pressure

line. Press [Ramp #] (2]
Dim 10.0 m 320 u
COLUMN 1 Pressure 10.0 10.0
Dim ‘;C’.i,:v zf: 320 siA Flow 1.7
f:'g:;/‘urf“ 10.0 1:(13:(; < ] Velocity 51
- | Mode: Ramped pres
Velocity -2 Init Pres 10.0
Mode: Ramped pres Init time 2.0
Init Pres 10.0 Rate 1 10.0
Init time Z 0 Final pres 1 20.0
Rate ! 10.0 Einal tine ! 15.0
Final pres 1 20.00 COLUMN 1
Fiaas time | 2ol » Rate 2 (off)  0.00 < |
Rate 2 (off) 0.00 |

Cursor moves to Rate 2 line.

[Info]

This is a context-sensitive help that provides information about an active
parameter (line with the cursor).

These info messages may be in several different forms,

¢ Definitions
e Setpoint ranges
e Actions to perform
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The following examples are possible, depending upon the control table you are
in. Press [Info].

Definition:

SPLIT RATIO INFO
Split flow divided
by column flow.
0.1 to 7500

Setpoint ranges:
ERROR: Out of range

0 to 999.99 minutes

Perform an action:
MODE/TYPE INFO

* is present mode.
%5 Move cursor to new
| mode and press ENTER
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[Status]

[Status]

The [Status] key has two tables associated with it. You switch between them by
pressing the key.

The Ready/Not Ready status table

This table lists parameters that are Not Ready or gives you a Ready for Injection
display. If there are any faults, warnings, or method mismaiches present, they are
displayed here. See page 202 and page 242 for detailed information about the notready,
fault, and warning status displays. The method mismatch displays are discussed on

page 202.

Ready for injection display
STATUS
Ready for Injection
WARNING(S):
Sig 1 buffer full

,, Ready display—check for warnings.

l\klntk ready displgy

w —————— Not ready—items that are not ready.
I If you have a not ready display, check
for faults or warnings.

STATUS - Not Ready
Oven temp
Back det shutdown
I  FAULT(S): H— Faul’g—a hardyvare problem requiring
bria : user intervention.

B TCD filament short !
WARNING(S) : ~ Warning—problems that user should
Sic % Butfer full g be aware of but that will not prevent
» 18 Wil % instrument from executing a run.
METHOD MISMATCHCES): )
Oven maximum temp L Method mismatch—message appears
e if hardware or user-entered
configuration has changed after

loading a method or power on.
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The setpoint status table

This table lists setpoints compiled from the active control tables on the
instrument. This is a quick way to view active setpoints during a run without
having to open multiple control tables.

STATUS

| oven temp 250 250
| sig 1 Back 30
| Column 2 flow _ 0.8

B inlet P10.0 10.0

Time Left 9.50

Procedure: Configuring the setpoint status table

You can change the order of the list. You might want the three most important
setpoints to appear in the window when you open the table.

1. Press [Config] [Status].

2. Scroll to the setpoint that should appear first and press [Enter]. This setpoint
will now appear at the top of the list.

3. Scroll to the setpoint that should appear second and press [Enter]. This
setpoint will now be the second item on the list.

4. And so on, until the list is in the order you wish.

Press [Config][Status]
a. Scroll to Signal 1 and press [Enter]. b. Signal 1 is now the first item on the list.

CONFIGURE STATUS

<

— o Ww
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Miscellaneous keys

[Time]

The time control table does not have a title. The first line always displays the
current date and time, and the last line always displays a stopwatch. The two
middle lines vary as shown.

Time display between runs
110:00:29 18 Mar 95 | : Actual time and date

| Last runtime 18.05 |-~ Static display of last and next runtime in

ii Next runtime 80.00 i~ minutes

{

Time display during a run

e g R

%E{apﬁed time 18.05
71.95

e e ~ e

Counts time elapsed during run
Counts down time remaining in run

i
| Time left

Time display during Post Run

E Last runtime 20.04 Static display of last runtime
[ Post time 8.77

— Counts down time remaining in Post Run
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Procedure: Setting time and date
Press [Config][Time]
" CONFIGURE TIME ||

| Time C(hhmm) 0825 < - Enter new time.
i Date (ddmmyy) 180395 **— Enter new date.

Procedure: Using the stopwatch

In the stopwatch mode, both the time (to 0.1 second) and reciprocal time

(to 0.01 min‘l) are displayed. The stopwatch is useful when measuring flows with a
bubble flowmeter.

1. Scroll to the stopwatch line of the Time Control Table.
2. Press [Enter] to start the stopwatch.

3. Press [Enter] again to stop.

4. Press [Clear] to set to zero.

You can access other functions while the stopwatch is running. Press [Time]
again to view the stopwatch display.
Procedure: Setting up [Post Run]

Use this key to program the instrument to clean out a column after a run. To set
up a Post Run:

1. Press [Post Run]

H POST RUN | When Time is set at 0.00, other
|| Time 000 <1 lines of the control table are not
“ available.
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2. Enter the post-run (column cleanout) Time, in minutes.

L POST RUN || Once a setpoint for Time is entered,
Il Time 10.00 || other lines of control table become

|| Oven temp 50 1 available.

I Column 2 pres 10.0 <

3. Enter Oven temp and Column pres.

POST RUN o The instrument is now programmed to
Ll Time 10.00 ! maintain the oven temperature at 2560°C
'l oven temp 250 < || for 10 minutes following a run, with
H column 2 pres 15.0 i column 2 head pressure at 15.0 psi.

The Post Run LED on the status board is lit during a Post Run.

If you press [Time] while in a Post Run, you can view the amount of time
remaining.

[Run Log]

Deviations from the planned method (including keyboard intervention) during
the most recent run are listed in the run log table. Up to 50 run log entries can
be stored. The run log information can be used for Good Laboratory Practice
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(GLP) standards. The run log can be uploaded to a workstation or printed out
on an integrator.

Press [Run Log]

| RUN LOG (1 of 3)

;
i Not ready: i
CMuttiposition valve %'
. at runtime 0.00

RUN LOG (2 0OF 33
Not ready: - '
S Oven tenmp 26
et oruntime 0.00
RUN LOG (3 of 3)
Valve 4 setpt:
Valve , ON
at runtime  0.05

The Run Log LED islitif there are any entries in the run log for the runin progress.
The run log is cleared at the start of a new run.

If no run deviations have been logged, the display is:

RUN LOG

No deviations found

[Options]
The option key accesses instrument parameter setup options.
Press [Options] | r — — —erTons

|Service Counters |
[Calibration |
Keyboard and Display
Diagnostics

Scroll to the appropriate line and press [Enter] to access the associated control
table.
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Calibration

Lists the parameters that can be calibrated. The calibration displays are
discussed in the Agilent 6890 Service Manual.

A useful calibration optionis Auto flow zero. When it is on, after the end
of a run the GC shuts down the flow of gases to an inlet, waits for the flow to
drop to zero, measures and stores the flow sensor output, and turns the gas back
on. This takes about two seconds. The zero offset is used to correct future flow
measurements.

To activate this, select Calibration onthe OPTIONS menu,then choose either
Front inlet or Back inlet, and turn Auto flow zero on.

Communication

Allows access to the communications setpoint parameters. The communication
displays are discussed on "Installation”.

Diagnostics
The diagnostic parameters are for use by your Service Representative.
Diagnostics are discussed in the Agilent 6890 Service Manual.

Keyboard and display

User interface setpoints are accessed in the keyboard and display control table.
The following parameters are turned on and off by pressing the [On] or [Off] keys.

¢ Keyboard lock—the following keys and functions are operational when
the keyboard lock is ON:
[Start], [Stop], and [Prep Run]
[Load][Method] and [Load][Seq]
[Seq]—to edit existing sequences
[Seq Control]-to start or stop sequences.

e Key click—click sound when keys are pressed, can be turned on or off.
e Warning beep—allows you to hear warning beeps.

¢ Method mod beep—turn [ON]for high pitched beep when method setpoint
is modified.

Press [Mode/Type] to change the pressure units and radix type.

® Pressure units

psi—pounds per square inch, 1b/in?

54



The Keyboard and Display
Miscellaneous keys

bar—absolute cgs unit of pressure, dyne/cm2
kPa—mks unit of pressure, 103 N/m?
e Radix type—determines the numeric separator type—1.00 or 1,00

Press [Mode/Type]

PRECCSIRE IINTTS
PRESSURE UNITS

Service Counters

Tracks syringe, septum, and liner usage by counting each injection (regardless
of Front/Back or INJ type).

1. At keyboard, press [Options].

OPTIONS
|Service Counters |
[Calibration |
Keyboard and Display
Diagnostics

2. From the open control table, select Service Counters. Press [Enter].

3. Scroll to desired counter. Press [Clear] to reset counter to 0.

'SERVICE COUNTERS |
Runs since service

|Syringe 1 0 |
Syringe 2 __ _ _ 0

Front Septum
Back Septum
Front Liner
Back Liner
Column 1
Column 2

OO0 o0o0o0oo
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[Config]

The [Config] key sets up configurations for instrument control. The column mode
and dimensions, inlet, and makeup gas type configurations are critical to proper
operation of EPC.

Use [Config] with other keys for infrequently changed parameters.
Press [Config] [Oven]

CONFIGURE OVEN L

Maximum temp 450 I
Equib time 3.00
Cryo (N2) off |
Quick cryo cool Off
Ambient temp 25
i Cryo timeout off |
| Cryo fault off ‘

Press the [Config] key to obtain a listing of configurable parameters:

Scroll to the Instrument

CONF1G parameter. Press [Enter] to access the

' Oven ‘ Config Instrument control
 Front Antet table. Types shown depend on the
Back 1niet | installed equipment

Column 1

Column 2

Front detector CONFIG INSTRUMENT
Back detector Serial#US00100001
Signal ? - - Auto prep run on <
Signal 2 | F inlet type None
Aux # | B inlet type PP

Status

Time

Valve #

Front injector
Back injector

Sample tray

Instrument <
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Modifier keys

Modifier keys extend the functions of some setpoint control keys.

[Mode/Type]

Use this key to access a list of possible modes or types associated with
nonnumeric setpoints. To change mode or type, scroll to the desired line and
press [Enter]. An asterisk (*) marks the present mode or type.

The following are several examples of Mode/Type functions.

Mode:

SIGNAL 1

0.0
0.0

Press
[Mode/Typel
FRONT INLET MODE

Split
*Spl Less <
Pulsea sp L€

Press

[Mode/Typel

SIGNAL 1 TYPE
I *xBack

Back=Col comp

Back-Col comp 2

Examples of instances when the words “Mode” or “Type” do not appear.
When in doubt, press [Info] to find out if [Mode/Type] is to be used.

CONFIG COLUMN 1
Film thickness 0.0

Back

Other

Press COLUMN 1 INLET
' [Mode/Typel nt
1l Back <
Aux#3
Aux#sé
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[Clear]

The [Clear] key is used to:

¢ (Clear mis-entered setpoints in a control table beforepressing [Enter] (when the
* is still flashing).

e Back out of Mode/Type select before pressing [Enter].

e Return to upper level in nested control tables (config, option).

e (lear the stopwatch to zero.

¢ (lear info message and return to previous display.

¢ (lear error messages (popup messages, errors on setpoint entries, etc.).

¢ (Cancel a function during a sequence, method, clock table, or run table and
loading or storing sequences and methods.

DELETE SEGUENCE
belete sequence 27
ENTER to delete,

(CLEAR to cancel o Press [Clear] to cancel

i i i i

/ o L il e

[Delete]
Deletes methods and sequences or run table and clock table entries.

Press [Delete]

e IR U L L

%é Delete what?
b Press METHOD, SEQ,
| RUN TABLE, or |
|| CLock Tasie. |

[Delete] aborts the adjust offset process for the nitrogen-phosphorus (NPD) and
electron capture (ECD) detectors, without interrupting other detector
parameters.
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[]

The radix is a decimal place holder. This parameter can be changed from the
decimal point to the comma in the Keyboard options control table, which is
nested under the Options control table.

Press [Options]

KEYBOARD OPTIONS Press [Mode/Typel]
d Lock 0ff -
on RADIX TYPE
Warning beep on ‘ BGTK =
| Radix ,

Method mod beep Off
Pressure units: psi

Radix type:

[-]

The dash key is used to denote ranges of numbers (inclusive).
Sample range: 1 to 3, press [1] [-] [3]

Bottle # range: 1 to 10, press [1] [-] [1] [0]

This key is also used as a minus sign for negative values.

For -5, press [-] [D]

59



The Keyboard and Display
Storage and automation

Storage and automation

Table 6 lists the storage and automation keys, a brief description of their use,
and a place to find detailed information.

[Front Injector]
or
[Back Injector]

[Valve#]

[Sample Tray]
[Seq Control]

order that they occur based on a 24-hour
clock. You load, store, or delete.

Edit injector control parameters such as
injection volumes, sample and solvent
washes, etc.

Turn GSV and selection valves 1 to 8 on or
off. Sets multiposition valve position.

Display the tray status.

Start, stop, pause or resume a sequence, and
view sequence status.

Table 6 Method and Sequence Storage and Automation Keys
Key Use to: For more information:
[Load] Load up to nine stored methods and five "Analytical Methods”

stored sequences. "Analytical Sequences”
[Store] Store up to nine methods and five sequences.  "Analytical Methods”
Stored methods and sequences are labeled “Analytical Sequences”
and dated.
[Method] Review a table of stored methods. You can "Analytical Methods”
load, store, delete, or set default method.
[Seq] Review atable of stored sequences. The[Seq] ~ "Analytical Sequences”
key toggles between the stored sequences
control table and sequence definition control
table.
[Run Table] View a table of events and the run time at "Instrument Automation”
which they occur.
[Clock Table] Display the clock time table of events in the "Instrument Automation”

"The Automatic Sampler”

"Valve Control”

"The Automatic Sampler”

"Analytical Sequences”
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Default parameters

The GC software supplies default values for most parameters if you do not
specify them. These values are reasonable operating parameters for inlets and
detectors. Once you change a parameter, the default value for that parameter is
erased.

At some time, you may find it desirable to reload the default parameters. Doing
this erases all current parameters except any methods you have stored and
replaces them with the default set.

Procedure: Loading the default parameters

1. Press [Method]

2. Scroll tothe Set default method line and press [Enter].
 <empty>

13:25 16 Feb 94

.. . sempty>
STORED METHODS

e
e |

W

L4 <empty>
[ 5: 14:02 16 Feb 94

Set default method <

3. This message will appear:

SET DEFAULT METHOD ||
ENTER to load
default method.

CLEAR to cancel.

4. Press [Enter] to load the default parameters.
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3 Flow and Pressure Control

Hydrogen shutdown
Column shutdown

Turning gas flows on and off
EPC-controlled streams
NonEPC-controlled streams

Electronic Pneumatic Control
(EPC)

Interpreting flow and pressure
readings

Configuration
Columns and inlets

Configure the column
Procedure: Configuring a capillary
column
Additional notes on column
configuration

Configure the carrier gas
Procedure: Configuring the carrier
gas

Select a column mode
The flow modes
The pressure modes
Procedure: Selecting a column
mode

Enter the initial flow or pressure or
average linear velocity
Procedure: Setting initial flow or
pressure or average linear velocity

Enter a flow or pressure program
(optional)
Procedure: Programming column
pressure or flow

Enter the rest of the inlet parameters
Procedure: Setting the rest of the
inlet parameters

Detectors
Gas configuration
Makeup gas

Auxiliary channels
Procedure: Changing an auxiliary
channel frit

Maintaining EPC calibration
Flow sensors
Pressure sensors
Zero conditions
Procedure: Zeroing flow and pres-
sure sensors

NonEPC control

Inlets
Septum purge
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Measuring flow rates

Measuring flow rates with a bubble
meter

Where to measure flows
Adapters for measuring flow rates
Procedure: Measuring gas flows
with a bubble meter
Interpreting flow meter measure-
ments

Flow and pressure problems

A gas does not reach the setpoint
pressure or flow

A gas exceeds the setpoint pressure
or flow

The inlet pressure or flow fluctuates

The measured flow is not equal to the
displayed flow

Flow and Pressure Control
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Flow and Pressure Control

The 6890 Series Gas Chromatograph (the GC) has two types of gas control. Both
types can be present on the same instrument.

e EPC—Electronic Pneumatic Control. Flows and pressures (inlets, detectors,
and up to three auxiliary gas streams) are set at the keyboard.

e NonEPC —Conventional flow/pressure control. Inlets use flow controllers
and pressure regulators in a pneumatics module on the left side of the GC.
Detector controls are on top of the GC behind the detectors. Flows are
measured with a bubble meter or other device.

Table 7 Detector and Inlet Controls

Module type Control type Control location

Inlet EPC Internal, via keyboard

Inlet nonEPC Module on left side
Detector EPC Internal, via keyboard
Detector nonEPC Top cover, behind detectors
Auxiliary EPC Internal, via keyboard

NonEPC detector controls

N
Y

oo

1S

NonEPC inlet controls

TTTTTImTTTTN

Figure 5 Control location
The pneumatics module (dashed lines) is present if a nonEPC inlet is installed.
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Hydrogen shutdown

Hydrogen gas may be used as a carrier or as fuel for some detectors. When mixed
with air, hydrogen can form explosive mixtures.

The GC monitors inlet and auxiliary gas streams. If a stream shuts down because
it is unable to reach its flow or pressure setpoint and if that stream is configured
to use hydrogen, the GC assumes that a leak has occurred and declares a
hydrogen safety shutdown. The effects are:

¢ The carrier supply valve to the inlet closes and both pressure and flow
controls are turned off.

¢ The split valves in the split/splitless and PTV inlets open.

¢ The oven heater and fan turn off. The flaps at the rear open fully.

¢ The small heated zones are turned off.

To recover from this state, fix the cause of the shutdown (tank valve closed,
serious leak, others). Turn the instrument off, then back on.

WARNING

The GC cannot detect leaks in the detector gas streams. For this reason, it is vital
that the column fittings of the FID, NPD, and any other detectors that use
hydrogen always be connected to a column or have a cap or plug installed and
that hydrogen streams be configured so that the GC is aware of them.

Column shutdown

If the carrier gas source shuts down, the oven heater turns off to avoid column
damage from heat without carrier gas. The flaps at the rear open halfway.

To recover from this state, fix the cause of the shutdown (tank valve closed,
serious leak, others). Turn the oven and the offending inlet or auxiliary channel
back on.
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Turning gas flows on and off

All gas flows can be turned on or off from the keyboard without disturbing the
flow or pressure settings. However, the effect of an Off command depends on
whether the gas stream is EPC-controlled or not.

EPC-controlled streams

The valves in an EPC gas control module are designed for gas metering rather

than On/Off operation. When this type of valve is driven to the Off state, there

may still be a small flow, as much as 0.2 mL/min, through it. The display will show
this flow even though Off also appears. Note that this is an internal leak, not
a leak to the outside.

NonEPC-controlled streams

The valves in a nonEPC gas control module are designed only for On/Off action.
They are gas-tight when Off.

66



Electronic Pneumatic Control (EPC) Flow and Pressure Control
Interpreting flow and pressure readings

Electronic Pneumatic Control (EPC)

The GC can electronically control all the gas flows and pressures in the
instrument. It provides:

¢ Flow and/or pressure control for all inlets, including flow and pressure
programming for the carrier gas through the column

¢ Flow control via pressure regulation across fixed restrictors for all detector
gases

e Pressure control for three auxiliary channels

e A gassaver mode to reduce carrier gas consumption with the split/splitless
inlet, PTV inlet, and volatiles interface.

¢ Direct entry of split ratios, provided the column is configured
The controlling hardware is mounted internally at the top rear of the instrument.
Setpoints are entered in the inlet, detector, or auxiliary control tables.

Interpreting flow and pressure readings

The EPC control board uses sensors for atmospheric pressure and the
temperature of the flow pneumatics modules to eliminate local conditions as
causes of retention time variability.

All flow and pressure displays are corrected to a defined set of conditions. These
conditions, which we call Normal Temperature and Pressure (NTP), are 25°C
and 1 atmosphere pressure. Similarly, setpoints are adjusted for the local
conditions.

Thus a flow displayed on the instrument and the flow measured with a bubble
meter may not agree, because the bubble meter readings represent local
conditions rather than NTP conditions. However, retention times become
independent of the local environment.
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Configuration

VERY IMPORTANT

The 6890 with EPC measures flows and pressures continuously. This has a
strong effect on how the user sets up the instrument, and the rules for doing
so are different from the conventional approach to gas chromatography. The
differences are described in the next few pages.

Configuration

The GC identifies EPC inlets and detectors and most other devices by running
presence checks during power-up. Some information must be entered manually.
This is called configuration. A few things that must be configured are:

¢ A description of the column (optional, but extremely desirable for capillary
columns)

¢ NonEPC inlets and detectors (configured at the factory, if installed there)

¢ The carrier gas in use

¢ Some detector gases (if there is a choice)

Configuration information is stored in a battery-powered section of memory
independent of line power.
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Columns and inlets

The GC, with an EPC inlet, allows you to specify gas flow through capillary
columns directly. To use this feature:

1. Configure the column (supply length, inside diameter, and film thickness).
Configure the carrier gas. (What gas are you using?)

Select a column mode (constant flow or pressure, ramped flow or pressure).
Enter the initial flow or pressure or average linear velocity.

Enter a flow or pressure program (optional).

AU S o

Enter the rest of the inlet parameters.
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Configure the column

The rest of this chapter assumes that you have a split/splitless capillary column
inlet. If you have a different inlet, the discussion still applies but some details
differ. The procedures used as illustrations in the rest of this chapter are
somewhat simplified, because they show the most common ways to do things
but not all the alternatives. For the full details, see “Introduction to Inlets” and
"Using Detectors”.

Configure the column

You define (configure) a capillary column by entering its length, diameter, and
film thickness. With this information, the instrument can calculate the flow
through the column. This has great advantages when using capillary columns
because it becomes possible to:

¢ Enter split ratios directly and have the instrument calculate and set the
appropriate flow rates.

¢ Enter flow rate or head pressure or average linear velocity. The instrument
calculates the pressure needed to achieve the flow rate or velocity, sets that,
and reports all three values.

¢ Perform splitless injections with no need to measure gas flows.

¢ Choose any of the four flow modes (discussed soon). If the column is not
defined, your choices are limited and vary depending on the inlet.
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Procedure: Configuring a capillary column

1. Press [Config] [Col 1] or [Config] [Col 2]. The column configuration screen
appears.

2. Ifnecessary,usethe A and ¥ keystomove (scroll)the cursortothe Length
line.

CONFIG COLUMN 1
‘I Length (m) 30.0 <+

H piameter (W) 230 Enter column dimensions

fAF%im thickness 2.65 -
Inlet: Front ——— |dentify the inlet
Detector: Front —— ldentify the detector
Vacuum correct off |

Pres correct Off

3. Type the column length, in meters, followed by [Enter].

4. Scroll to Diameter, type the column inside diameter in microns, followed
by [Enter].

5. Scrollto Film thickness, type the film thickness in microns, followed
by [Enter]. The column is now defined.

If you do not know the column dimensions—they are usually supplied with the
column—or if you do not wish to use the GC calculating features, enter 0 for
either length or diameter. The column will be not defined.

6. Scrollto Inlet and press [Front] or [Back] to identify the inlet that the
column is connected to.

7. Scrollto Detector and press [Front] or [Back] to identify the detector
that the column is connected to.

This completes configuration for a capillary column. See "Introduction to Inlets”
and "Using Detectors” for more detail.
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Configure the column

Additional notes on column configuration

Vacuum correct—If the detector exhausts into the atmosphere, this
parameter should be Off. If a column is connected directly to amass selective
detector, the parameter should be On. This allows the GC to compensate for
either the local atmospheric pressure (Off) or for the reduced pressure in a
mass selective detector (On).

Pres correct—Some detectors, such as an atomic emission detector,
operate at pressures that are neither atmospheric or vacuum. This parameter
lets the user enter an appropriate pressure value.

Packed columns should be entered as column not defined. To do this, enter
0 for either column length or column diameter.

You should check configurations for both columns to verify that they specify
separate inlets. If you are only using one column, it is still important that the
second column be indicated for a different inlet, even if it is undefined.
Failure to do this will lead to some very unusual flow calculations.

It is possible, and sometimes appropriate, to configure both installed
columns to the same inlet.

Some pneumatic setpoints change with oven temperature because of
changes in column resistance and in gas viscosity. This may confuse users
who observe pneumatics setpoints changing when their oven temperature
changes. However, the flow condition in the column remains as specified by
the column mode (constant flow or pressure, ramped flow or pressure) and
the initial setpoint values.
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Configure the carrier gas

The GC needs to know what carrier gas is being used.
Procedure: Configuring the carrier gas

1. Press [Config] [Front Inlet] or [Config] [Back Inlet].

2. Press [Mode/Type] to see the carrier gas menu.

CONFIG FRONT INLET
Gas type He <

Carrier gas type.
Press [Mode/Type] to get menu.

FRONT INLET GAS

~xHelium

Argon methane 5%

3. Scroll to the gas you will use. Press [Enter].

This completes carrier gas configuration. See "The column control table—packed
or undefined capillary columns” for more detail.
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Select a column mode

The flow modes

Flow rates are corrected to NTP (normal temperature and pressure, 25°C and
1 atmosphere. For more detail, see pages 67 and 98.

¢ Constant flow—Maintains a constant mass flow rate of carrier gas in the
column throughout the run. If the column resistance changes due to a
temperature program, the column head pressure is adjusted to keep the flow
rate constant. This can shorten runs significantly.

e Ramped flow—Increases the mass flow rate in the column during the run
according to a program you enter. A column flow profile can have up to three
ramps, each consisting of a programmed increase followed by a hold period.

The pressure modes

Pressures are gauge pressures—the difference between the absolute pressure
and the local atmospheric pressure. Because most detectors present little
resistance to the column flow, the gauge pressure at the column head is usually
the same as the pressure difference between column inlet and exit. The mass
selective detector and the atomic emission detector are the exceptions.

¢ Constant pressure—Maintains a constant gauge pressure at the head of
the column throughout the run. If the column resistance changes, the gauge
pressure does not change but the mass flow rate does.

¢ Ramped pressure—Increases the column head gauge pressure during the
run according to a program you enter. A column pressure profile can have
up to three ramps, each consisting of a programmed increase followed by a
hold period.

Procedure: Selecting a column mode
1. Press [Col 1] or [Col 2].

2. Scroll to the Mode line.
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3. Press [Mode/Type] to see the column mode menu.

COLUMN 1 (He) — ~——Here is your carrier gas choice.
50.0 m 250 u  ———These are the column length and
0.0 0ff inside diameter that you entered.
0.0
0.0

Constant flow <—— i Press [Mode/Type] to see
theColumn Mode menu.

Ramped flow

4. Scroll to the column mode you want. Press [Enter].

This completes column mode selection. Next you must specify the inlet
conditions either during the entire run (if you selected either of the constant
modes) or at the beginning of the run (if you selected either of the ramped
modes).
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Enter the initial flow or pressure or average linear
velocity

If the column is defined, you can enter any one of these quantities—the GC will
calculate and display the other two.

For example, you may have selected Constant pressure asthe column
mode. You decide to specify, as a starting condition, the column flow. The GC
will compute the pressure necessary to achieve this flow (as well as the average
linear velocity) and hold this pressure constant during the run.

If you select Constant flow asthe mode and specify column flow as the
initial condition, the GC will still calculate the pressure necessary to achieve this
flow, but it will adjust the pressure as necessary to maintain constant flow.

If the column is not defined, you can enter only pressure. Constant flow can still
be specified, but the GC cannot know what the flow is.

See the following table for recommended flows for various column diameters.
These are close to optimum for a wide variety of components.
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Table 8 Column Size and Carrier Gas Flow Rate

Carrier gas flow rate

Column type Column size Hydrogen Helium

Packed 1/8-inch 30
1/4-inch 60

Capillary 50 pum id 0.5 04
100 pum id 1.0 0.8
200 um id 2.0 1.6
250 um id 25 2.0
320 um id 3.2 2.6
530 um id 5.3 4.2

These flow rates, in mL/min at normal temperature and pressure (25°C and 1 atm)
are recommended for all column temperatures.

For capillary columns, flow rates are proportional to column diameter and are 20%
lower for helium than for hydrogen.
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Procedure: Setting initial flow or pressure or average linear velocity

1. Press [Col 1] or [Col 2].

i COLUMN 1
pim 50.0 m230 u

——The column length and inside diameter.

 Pressure 2.5 2.3 | You set one of these. The GC
L Flow 10.0 ' calculates the other two.
Velocity 24
Mode: Constant flow < ——— Thecolumnmode; see below.

The control table will have one of these, depending on the column mode selected:

| Mode: Const flow <

| Mode: Const pressure <

kMOde: Ramped flow <

Init flow 4.0
Init time 2.0
Rate 1 0.5
Final flow 18.0
Final time 12.0

0.00

| Rate 2 (0ff)

| Mode: Ramped pressure<
I Init pressurel0.0 '

iIn%t time 1.0
| Rate 1 1.0
;Finat pressurel 25.0
| Final time 15.0

0.0

| Rate 2 (0ff)

o

2. Scroll tothe Pressure or Flow or Velocity line.

3. Type the desired initial value, followed by [Enter]. The GC will compute and
display the other two values. Adjust them, if you choose to, by repeating steps
2 and 3 but note that changing any one changes all three.

This completes setting the initial carrier gas condition.
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Enter a flow or pressure program (optional)

If you selected either the ramped pressure or ramped flow column mode, the
column control table contains entries for setting up a ramp program.

You begin with an initial value, either Init Pres or Init Flow, and an
Init time. Atthe end of that time, Rate 1 begins and runs until it reaches
Final pres (or Final flow). It remains at that value for

Final time 1.You can then add asecond and third ramp, each consisting of
a Rate,a Final value (pressure or flow),anda Final time.

The program ends when it reaches a Rate that is set to 0 (off).

When a flow or pressure program is running, the Pressure, Flow, and
Velocity linesthat you used to set constant conditions show the progress of
the program.

The oven program determines the length of the run. If a flow or pressure program
ends before the analytical run does, the flow (or pressure) remains at the last
final value.

Procedure: Programming column pressure or flow

1. Press [Col 1] or [Col 2].

COLUMN

1
il Dim 50.0 m 250 u
| pressure 10.0 10.0 - Pressure (in this example) is the
L Elow 0.0 | controlled setpoint; the others
Uetecity T wn | arereported values.
Mode: Ramped pres ‘
Init Pres 10.0 Because Mode is Ramped
Init time 1.5 pres, therampis givenin
Rate 1 0.5 ; pressure units.
Final pres 1 20.0 +
i Final time 1 2.5
[ Rate 2 (0fD) 0.00
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2. Scrollto Init Pres (or Init flow). Type the desired value and press
[Enter].

3. Similarly, enter avalue for Init time. This completes the initial (constant
pressure) part of the program.

4. To begin a ramp, enter a positive value for Rate 1.It does not matter
whether you are programming up or down—the rate is always positive.

5. If Rate 1 iszero, the program ends here. If you enter any other value, the
Final value lines for the first ramp appear and the cursor moves to the line.

6. Entervaluesfor Final pres 1 (or Final flow 1)and Final time 1.
This completes the first ramp.

7. To enter a second (or third) ramp, scroll to the appropriate Rate line and
repeat steps 5 and 6.
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Enter the rest of the inlet parameters

SUMMARY

Note that, except when setting the carrier gas type, we have been
concerned only with the Column tables. This is fundamental to successful
operation of the 6890 with EPC inlets.

FIRST:  Set up the column
THEN:  Set up the rest of the instrument

Enter the rest of the inlet parameters

The split/splitless inlet has four operating modes:

Split—The sample is divided between the column and a vent flow.

Splitless—The sample is not divided. Most of it enters the column. A small
amount is purged from the inlet to avoid excessive peak broadening and
solvent tailing.

Pulsed split—Similar to split, except that the inlet pressure is raised before
and during injection and returned to normal at a user-specified time. Total
flow is increased as well so that the split ratio does not change. This special
kind of “programming” is independent of the three-ramp flow or pressure
programming,.

Pulsed splitless—Like pulsed split, but splitless.

The split/splitless inlet has a gas saver feature. This reduces the flow of carrier
into the inlet and out the split vent after the injection is complete. It does not
alter the flow through the column.

The septum purge flow is set automatically on all EPC inlets.

And, of course, the inlet temperature can be controlled.
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Procedure: Setting the rest of the inlet parameters
1. Press [Front Inlet] or [Back Inlet].
2. Scroll to the Mode line.

3. Press [Mode/Type] to see the inlet mode menu.

Press [Mode/Type] to see

‘r‘ FRONT INLET (S/SL) the Inlet Mode menu.

} Mode: Pulsed split < T S e =
" Temp 24 off | FRONT INLET MODE |
LPressure__O;Ow__Ofo* | split < |
Pulsed pres 0.0 | I splitless F
Pulse time g.00 | ! «Pulsed split |
Purge time 0.00 ] Pulsed splitless i
Purge flow 0.0 ‘

Total flow off 3

Gas saver on }

Saver flow 0.0 ‘

Saver time 2.00

4. Move the cursor to the inlet mode you want. Press [Enter]. The inlet table
may change, depending on your choice. The possibilities for the defined-
column case are shown on the next page.

5. Scroll to Temp. Type the temperature you want. Press [Enter].

6. Ifyouselected Split,and ifthe column is defined, you may enter the split
ratio directly.

For details on the inlet parameters, see "“Introduction to Inlets”.
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Split mode

r T A
| FRONT INLET (S/SL) |
| Mode: Split i
Inlet temperature  —H Temp 24 0ff < |
Pressure 0.0 off J
Split ratio 100
Split parameters Split flow 0.0
Tot flow 0.0 off
Gas saver on
Gas saver parameters Saver flow 0.0
Saver time 2.00
Splitless mode e e 9
| FRONT INLET (S/SL) |
| Mode: Splitless 1
' Temp 24 off <
[Pressure 0.0 0ff |
Purge time 0.00
Splitless parameters Purge flow 0.0
Total flow off
Gas saver On
Saver flow 0.0
Saver time 2.00

The pulsed modes

E FRONT INLET (S/SL)

[ Mode: Pulsed Split

" Temp 24 0ff <

_Pressure 0.0 Off
Pulsed pres 0.0
Pulse time 0.00
Split ratio 100
Split flow 0.0
Tot flow 0.0 off
Gas saver Oon
Saver flow 0.0
Saver time 2.00

N

Figure 6

Pulse
parameters

[

FRONT INLET (S/SL)
| Mode:Pulse Splitless
i

I Temp 24 off
Pressure 0.0 off
— Pulsed pres 0.0

— Pulse time 0.00
Purge time 0.00
Purge flow 0.0
Total flow off
Gas saver On
Saver flow 0.0
Saver time 2.00

Control tables for the Split/Splitless inlet
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Detectors

Detectors

Although EPC detectors have built-in pressure regulation, you still need external
regulators so that the electronic control has a stable gas supply to work with.

You may want to use traps to remove contaminants from the gas supply. If so,

they should be as close to the back of the GC as possible.

EXTERNAL | 6830 GC :
pressure | Itl
regulators I Proportional Pressure I
| valves Sensors Restrictions . |
Air in 1 % F M o |
1 Control NPD |
| I
| I
H2 in i M — I
i |
| I
| I
Makeup in | ﬁ M |
| I
| I
| I
| I
| I
I_________________I
Figure 7 Internal/external plumbing: FID and NPD with EPC

Formore detail, see "The Flame Ionization Detector”, "The Nitrogen-Phosphorus

Detector”.
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Detectors
[~ === —————————— ==
I 6890 GC
| |
| |
EXTERNAL ! e !
pressure | Reference |
regulator | . switching |
| Proportional  Pressure ] valve
valves sensors  Restrictors |
Reference and | h 1 |
makeup in I M |
I A Control | I
I Makeup flow |
e e
| Q |
| |
| |
| |
| |
| |

Figure 8 Internal/external plumbing: TCD with EPC
For more detail, see "The Thermal Conductivity Detector”.
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Detectors
'-________________I
6890 GC

External !
pressure |
regulator Proportional ~ Pressure |
valves sensors  Restrictors |

Anode purge _H H
and makeup in M ‘ I

4 Control
v Anode purge ECD
Makeup flow

AA

— e o o o o o o o o e o mm omm ow)

Figure 9 Internal/external plumbing: ECD with EPC
For more detail, see "The Micro-Cell Electron Capture Detector”.
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Detectors
Vent

Filter Proportional Pressure | Emission zone

frits valves sensors  Restrictors
v O ] M O

Shield | C |
Hy O jc M Window  Wavelength
filter
Makeup [] jc M

Figure 10 Internal/external plumbing: FPD with EPC
For more details, see "The Flame Photometric Detector”.

Gas configuration

The GC assumes that hydrogen is plumbed to the FID, FPD and NPD Hy locations

and that air is plumbed to the air locations (see the labels on the EPC gas
modules).

Some locations allow a choice of gases. In these cases (mostly makeup gases),
you must identify the gas using the [Config] process.

Makeup gas

You can select either constant makeup flow or constant (makeup + column) flow.
See ”The Flame Ionization Detector”, "The Thermal Conductivity Detector”, "The
Nitrogen-Phosphorus Detector”, "The Micro-Cell Electron Capture Detector”,

"The Flame Photometric Detector” for details, since they vary with the detector

type.
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Auxiliary channels

Three additional auxiliary pressure control channels are available as an option.
They are controlled by the Aux 3, Aux 4, and Aux 5 tables (Aux 1 and 2 are heater
controls).

If an auxiliary channel is specified asthe Inlet during column configuration,
the channel allows run time programming as well as three-ramp programming.
The most common case of this is when a gas sampling valve is used.

The auxiliary channels are controlled by a pressure setpoint. To work properly,
there must be adequate flow resistance downstream of the pressure sensor. The
auxiliary channel pneumatics manifold provides a frit-type restrictor for each
channel. Four frits are available:

Frit marking Flow resistance Part no.

Blue Dot High 19234-60660
Red Dot Medium 19231-60770
Brown Dot Low 19231-60610
None (brass tube) Zero G1570-20540

The Red Dot frit is in all three channels when the instrument is shipped.

The two figures below show approximate pressure/flow relationships for the
three Dot frits, assuming there is no significant additional resistance downstream
of the frits.

If the Zero resistance frit is installed, the user must provide flow resistance
downstream and generate the pressure/flow relationships.

WARNING

When hydrogen is used, dangerously high flows are possible if insufficient flow
resistance is provided downstream of the supply tube. Always use either the High
(Blue Dot) or Medium (Red Dot) frit with hydrogen.
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Pressure requirements for AUX EPC flow restrictors
with air, nitrogen, or helium
(ambient conditions: 25°C, 14.7 psia)

80

10 i

19234-60660
(blue dot)

60

50

Minimum
source
pressure

(psig)

B

0

30

19231-60610
(brown dot)

20

10

0.1 1.0 10.0 100.0 1000.0
Gas flow in mL/min
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Pressure requirements for AUX EPC flow restrictors
with hydogen
(ambient conditions: 25°C, 14.7 psia)

80

70

19234-60660
(blue dot

60 I/I

.. 50
Minimum 1923

source (red-dot
pressure
(psig)

—_
D
o
~
~
o

40

30

20 /
i Al 19231-60610
(brown dot)

0.1 1.0 10.0 100.0 1000.0
Gas flow in mL/min
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Procedure: Changing an auxiliary channel frit

1. Locate the block that connects the three gas outlet tubes for the auxiliary
channels to the pneumatics module.

2. Remove the screw that holds the block to the pneumatics module. Pull the
block free of the module and rotate it so that the frits are on top.

Changeable
Aux 4 gas restrictions

Aux 4

Gas outlets

3. Pull the frit to be changed out of the block. Also remove the O-ring that seals
it.

4. Place an O—ring on the new frit. Place the O-ring/frit combination in the block.

5. Reconnect the block to the pneumatics module. Tighten the screw firmly.
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Maintaining EPC calibration

The EPC gas control modules contain flow and/or pressure sensors that are
calibrated at the factory. Sensitivity (slope of the curve) is quite stable, but zero
offset requires periodic updating.

Flow sensors

The split/splitless and purged packed inlet modules use flow sensors. Ifthe Auto

flow zero feature (seepage 54)ison, they are zeroed automatically after each
run. This is the recommended way. They can also be zeroed manually—see the
next page.

Pressure sensors

All EPC control modules use pressure sensors. They can be zeroed as a group
or individually. There is no automatic zero for pressure sensors.

Zero conditions

IMPORTANT

Flow sensors are zeroed with the carrier gas connected and flowing. Pressure
sensors are zeroed with the supply gas line disconnected from the gas control
module.

Table 9 Flow and Pressure Sensor Zero Intervals

Sensor type Module type Zero interval
Flow All Use Auto flow zero
Pressure Inlets
Packed columns Every 12 months
Small capillary columns Every 12 months
(id 320 um or less)
Large capillary columns At 3 months, at 6 months, then every
(id > 320 um) 12 months
Auxiliary channels Every 12 months
Detector gases Every 12 months
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Procedure: Zeroing flow and pressure sensors

To zero a flow or pressure sensor in a specific module

1. Press [Options], scroll to Calibration, and press [Enter]

2. Scroll to the module to be zeroed and press [Enter]

| CALIB FRONT DETECTOR

Factory calibration

3. Scroll to a zero line and press [Info]

| CAL FLOW ZERO INFO
| Press ON to zero.
: Will momentarily

L disrupt inlet flow.

inlet flow. |

or

I
| H2 zero 0.0 < | Note: After zeroing or flow calibration,
' H2 flow 0.0 | the Factory Calibration
_Oxidizer zero 0.0 _! line is replaced by the time and date of the
Oxidizer flow 0.0 recalibration.
Makeup zero 0.0 To restore the Factory Calibration, select
Makeup flow 0.0 the time and date line and press [Delete].

This destroys the user calibration.

| CAL PRES ZERO INFO |
| Press ON to zero l
| after applied ‘
| pressure = 0 |

4. To cancel, press [Clear]

5. To zero pressure, verify that the
supply gas line is not connected.

6. Press [On] to zero or [Clear] to cancel.

4. To cancel, press [Clear]

5. To zero flow, verify that the carrier gas
is connected and is turned on.

6. Press [On] to zero or [Clear] to cancel.

To zero all pressure sensors in all modules
1. Press [Options], scroll to Diagnostics, and press [Enter]
2.Scrollto Electronics and press [Enter]

3.Scrollto Pneumatics Board and press [Enter]
4.Scrollto Zero all p sensors and press [Info]

F——————————— .l
| ZERO P SENSORS INFO |
|  Press ON to zero |
' all pres sensors, '
| _when applied pres=0_ |

5. To cancel, press [Clear]
6. To zero, verify that the supply gas lines are disconnected from all modules.
7. Press [0n] to zero or [Clear] to cancel.
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NonEPC control

Control tables for nonEPC inlet gases provide on/off control but do not control
flow rates or pressures. These must be set manually and verified using a bubble
meter or other flow meter. See page 95 for bubble meter operation.

Inlets

Pressure regulators, flow controllers, and other controls for nonEPC sample
inlets are mounted in a module on the left side of the GC. See "Introduction to
Inlets” for operating information.

Purged packed
( inlet gas controls

Split/splitless
inlet gas controls _>

Figure 11 NonEPC inlet gas controls
Septum purge

Septum purge flow is set automatically on the nonEPC purged packed inlet; it
can be measured at a vent on the front panel. Septum purge is a user adjustment
on the nonEPC split/splitless inlet.
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Measuring flow rates

This section describes how to measure flow rates in the GC and how to convert
the measurements to the conditions used by the GC. If your GC uses EPC, please
note that the flow and pressure sensors in the GC are often more accurate than
off the shelf, inexpensive flow meters. If you can establish a calibrated flow or
pressure in the GC, a measurement that agrees with the GC within a few percent
(after conversion to NTP; see page 98) should verify the GC’s manifolds are
operating properly and do not need replacement.

Measuring flow rates with a bubble meter

Abubble flow meteris a very basic, reliable tool for measuring gas flow. It creates
abubble meniscus across a tube through which the gas is flowing. The meniscus
acts as a barrier, and its motion reflects the speed of the gas through the tube.
Most bubble flow meters have sections of different diameters so they can
measure a wide range of flows conveniently.

A bubble flow meter with rate ranges of 1, 10, and 100 mL/min is suitable for
measuring both low flow rates (such as carrier gases) and higher flow rates (such
as air for an FID).

Start
1mL 10 mL 100 mL

Figure 12 A three-volume bubble meter
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Where to measure flows

EPC inlets—Septum purge and split vent flows exit through the pneumatic
module at the top rear of the GC.

Split/splitless and PTV
pneumatic module on-column pneumatic module

Detectors—Measure all flows, including carrier, at the exit of the detector. Use
the control tables to select one gas at a time.

NonEPC inlets—The flow vents are on the front panel. See Figure 11.

Adapters for measuring flow rates

A rubber adapter tube attaches directly to an NPD, ECD, or TCD exhaust vent.

A separate adapter is supplied for the FID and similar detectors. Insert the
adapter into the detector exhaust vent as far as possible. You will feel resistance
as the adapter O-ring is forced into the detector exhaust vent. Twist and push
the adapter during insertion to ensure a good seal.

HCe———-
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Procedure: Measuring gas flows with a bubble meter

Tools:

WARNING

Bubble meter graduated at 1, 10, and 100 mL. Bulb half-filled with soapy
water.

Adapter for detector or vent
GC internal stopwatch

Do not measure hydrogen together with air or oxygen. This can create explosive
mixtures that may be ignited by the automatic ignitor.

To avoid this hazard:
Turn the automatic ignitor off before you begin.
Always measure gases separately.

Attach the inlet line of the bubble meter to the fitting where you will measure
flow. Use the appropriate adapter, if needed.

Hold the bubble flow meter vertically—squeeze and release the bulb to create
ameniscus in the bubble meter. Do this several times to wet the sides before
taking measurements.

Press [Time] to see the stopwatch screen. Squeeze the bulb.

Press [Enter] to start the stopwatch when the meniscus passes the START
(lowest) line in the bubble flow meter.

Press [Enter] again to stop the stopwatch when the meniscus passes the
1 mL, 10 mL, or 100 mL line.

Calculate the flow rate in mL/min from the 1/t value:

e Ifyou used the 1 mL line, the flow rate in mL/min = 1/t.

e Ifyou used the 10 mL line, the flow rate in mL/min = 10 x 1/t.

e If you used the 100 mL line, the flow rate in mL/min = 100 x 1/t.

Press [Clear] to reset the stopwatch. Repeat the measurement at least once
to verify the flow.

97



Measuring flow rates Flow and Pressure Control
Interpreting flow meter measurements

Interpreting flow meter measurements

Bubble meter measurements yield flow rates at the local temperature and local
atmospheric pressure. Electronic flow meters may be calibrated for
temperatures other than 25°C or for pressures other than 1 atm. However, the
GC display shows values corrected to Normal Temperature and Pressure (NTP)
conditions. If you do not correct your meter’s flow rate to NTP, the readings will
not agree with the GC.

To convert meter flow rate measurements to NTP (25°C and
1 atmosphere), you must know:

¢ The local atmospheric pressure or the electronic meter calibrated pressure

e The bubble meter temperature at the time of measurement or the electronic
meter’s calibration temperature.

The conversion is:

Flow rate; ., X 298 x Pressure;,.,;

Flow rate at NTP =
Temperature;,;

where:

Flow rate at NTP is the flow rate in mL/min corrected to Normal
Temperature (25°) and Pressure (1 atmosphere)

Flow ratejycq is the flow rate in mL/min measured by the bubble
meter

Temperature),.,; is the temperature of the bubble meter at the time
of measurement or the meter’s calibration
temperature. This number is in Kelvins
(Kelvin = Centigrade + 273).

Pressure;,.,; is the local atmospheric pressure at the time of
measurement or the meter’s calibration
temperature. This number is in atmospheres
(1 atm = 1.01325 bars = 760 Torr = 760 mm Hg (at
0°C) = 101.325 kPa = 14.7 psi).
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Flow and pressure problems

A gas does not reach the setpoint pressure or flow

The gas cannot reach the pressure entered at the keyboard. If an EPC inlet does
notreach its pressure setpoint it will shut down in an amount of time determined
by the type of inlet:

Type of inlet Time hefore shutdown

Purged packed, cool on-column 2 minutes
Split/splitless, PTV, volatiles inteface 5.5 minutes

Auxiliary 4 minutes

¢ The gas supply pressure is too low to reach the setpoint. The pressure at the
supply should be at least 10 psi greater than the desired setpoint.

¢ Alarge leak is present somewhere in the system. Use an electronic leak
detector to find leaks; correct them. Don’t forget to check the column—a
broken column is a very large leak.

e Ifyou are using gas saver, be sure that the gas saver flow rate is high enough
to maintain the highest column-head pressure used during a run.

e The flow is too low for the column in use.
¢ The column is plugged or misinstalled.

¢ Theinlet or detector pressure sensor is not operating correctly. Contact your
Agilent service representative.

If you are using a split/splitless, PTV inlet, or volatiles interface:

¢ The split ratio is too low. Increase the amount of split flow.

¢ The inlet proportional control valve is stuck because of contamination or
other fault. Contact your Agilent service representative.

If you are using a purged packed or cool on-column inlet:

e The inlet control valve is stuck closed because of contamination or other
fault. Contact your Agilent service representative.
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A gas exceeds the setpoint pressure or flow

A gas exceeds the setpoint pressure or flow

The pressure sensor for that device is not operating properly. Contact your
Agilent service representative.

If you are using a split/splitless inlet, PTV inlet, or volatiles interface:

The split ratio is too high. Decrease the split ratio.

The proportional control valve is stuck closed. Contact your
Agilent service representative.

The trap on the split vent line is contaminated. Contact your
Agilent service representative.

If you are using a purged packed or cool on-column inlet:

The inlet proportional control valve is stuck open. Contact your
Agilent service representative.

The inlet pressure or flow fluctuates

A fluctuation in inlet pressure will cause variations in the flow rate and retention
times during a run.

A small leak is present in the flow system. Use an electronic leak detector to
find leaks; correct them. You should also check for leaks in the gas supply
plumbing.

Large restrictions, such as a blockage in a liner or the split vent trap, are

present in the split/splitless or PTV inlets. Make sure that you are using the
correct liner. Replace liners with large pressure drops caused by design or
tight packaging. If the liner does not appear to be causing the problem, the
split vent trap may be blocked. Contact your Agilent service representative.

Extreme changes in room temperature during runs. Correct laboratory
temperature problem or move the instrument to a more suitable location.

Large volumes have been added to the system (this may occur if you are using
asampling valve). Decrease the sample volume. Use EPC inlets 