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Safety Notices and Symbols

CAUTION A CAUTION notice denotes a hazard. It calls attention to an operating
procedure, practice, or the like that, if not correctly performed or adhered
to, could result in damage to the product or loss of important data. Do not
proceed beyond a CAUTION notice until the indicated conditions are
fully understood and met.

WARNING A WARNING notice denotes a hazard. It calls attent ion to an
operating procedure, practice, or the like that, if not correctly
performed or adhered to, could result in personal i njury or death.

Do not proceed beyond a WARNING natice until the in  dicated
conditions are fully understood and met.

A NOTICE is an application specific, extended desc  ription of a
product feature or operation. It may be usedto ex  plain alternative
or extended means of use; to emphasize specific fea  tures or to
explain specific exceptions to general guidelines.

This symbol signifies risk of electric shock hazar d. Application of
the symbol on a product surface requires operators to consult the
product documentation for a full explanation of the hazard. The
documentation will display the symbol as part of th e WARNING or
CAUTION hazard description.

This symbol signifies a hot surface hazard. Appli cation of the
symbol on a product surface requires operators to ¢ onsult the
product documentation for a full explanation of the hazard. The

documentation will display the symbol as part of th e WARNING or
CAUTION hazard description.

" This symbol signifies a mechanical pinch hazard. Application of
the symbol on a product surface requires operators to consult the
P product documentation for a full explanation of the hazard. The
—@)) documentation will display the symbol as part of th e WARNING or
A CAUTION hazard description.
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Chapter 1
SFC Fusion A5 Module Overview

Product Description

The SFC Fusion™ A5 module is an add-on accessapeoific configurations of
existing Agilent 1100 or 1200 series HPLC systeifise A5 module performs several
functions which in combination allow the host HPEgstem to meter liquid or
supercritical CO2 as one of the components of h prgssure binary fluid pumping
system. From the host pump’s perspective the G@2iinped in much the same manner
as water is pumped in reversed phase HPLC. Whewmpimg CO2, the separation system
is typically referred to as @upercritical Fluid ChromatographjfsFC] system.

The A5 module itself is not a separation systetrsinhply provides pre- and post-flow
conditioning features that insure the CO2 remainglhbehaved fluid during the
separation process. On the pre-flow end, the A8utgoconditions incoming CO2 vapor
or liquid by precompressing and thermally condiingrnthe flow stream such that the
Agilent pump can meter the fluid with little or mompression compensation. The result
is a continuous, nearly pulsation-free stream oP@Om the metering pump that in turn
produces a much lower baseline noise to opticaatiets in the system.

Installation of the A5 module requires very mintiegations of the existing HPLC
hardware and software. Further, normal HPLC fuimctian be restored simply by
replacing the CO2 supply with a standard liquid@ypvith the hardware enhancements
in place. As a result, the conversion between HBE€and SFC use and back is rapid.

The SFC Fusion module is designed to minimize #exrfor significant linear
benchspace in laboratories. The tall narrow aspieitte module requires less than 10
inches of linear space.

Once installed, the SFC Fusion A5 software drinéggrates directly into the Agilent
ChemStation graphical user interface. Users areigied access to method setpoints and
instrument control. A visual display of instrumerameter status is also available. In
all other ways, the ChemStation software remaiastidal to HPLC operation.

Additional off-line diagnostic software providedttvtheA5 module allows users to run a

full suite of diagnostic tests to indicate moduégfprmance. Many tests can be run either
on the module alone, or on the complete system.
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Intended Use

The SFC Fusion A5 Module is intended for use bylified operators only in climate
controlled, well ventilated chemical laboratory gomments as part of a larger
chromatography system. Operation of the A5 modrgegnditions an output CO2
flowstream for input to the larger chromatographstem, allowing the system pump to
deliver a precisely metered volumetric flow ra@0?2 is the only chemical fluid
permitted for use in this preconditioning stepllowed hardware configurations of the
larger chromatography system are available fronofauSFC Systems and may change
over time.

CO2 flowstreams as well as any modifier flowstreamded to the chromatographic
mobile phase must be substantially returned t&Ahenodule back pressure regulator
after the detector(s) of the system for properesysbperation. The outlet vapor/liquid
flow stream of the BPR should be separated by pivetkethe vapor phase directed to a
dedicated ventilation path and not released irtayémeral laboratory air system.

Operators of the A5 module should read all docuatent included in this manual and
be aware of safety considerations. In particdperators must be aware of standard
operation, inspection and maintenance procedurdegeahodule.

Stand alone operation of the A5 module as a COgatglsystem is prohibited except
for diagnostic purposes under control of diagnasbitware tools provided by Aurora
SFC Systems. Such prohibited use will void the rfegturer’s warranty and may result
in unsafe operation.

WARNING Use of this product outside the specific operati@l guidelines
of this manual will invalidate the Warranty and may result in
hazardous operation and revoke the limited use licese granted
for SFC Fusion technology.
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Module Layout
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Figure 1.1

The SFC Fusion A5 module

Figure 1.1 shows two illustrations of the frontwief the A5 module. The SFC Fusion
Module consists of several integrated sections kimclude:

— A protective external enclosure with removable froover
— An electronics bay

— A back pressure regulator (BPR) drawer

— A booster drawer

— A leak tray with overflow drain

The A5 module is intended to be located immediaieiye right or left of the Agilent
HPLC stack and share use of the Agilent solventpartment for wash solvent and
waste bottle containment. In cases where additdetactors such as MS or ELSD are
located adjacent to the HPLC stack the A5 modubeilshbe preferentially located to the
opposite side.
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The Enclosure

The SFC Fusion A5 enclosure [Figure 1.2] protects
internal module components from damage during
shipping and normal operation of the module. The
enclosure consists of an internal frame used to
support three bays of the module and external pant
and covers used to isolate the internal components
All panels and covers should remain installed duyrin
normal operation of the instrument.

The base of the enclosure supports a stainleds stes
drip tray intended to capture unintentional fluidic
leaks resulting from plumbing, priming and imprope h

tightening of fittings or from condensate that may _ ' ;
accumulate in the module. The drip tray contaims L/’
electronic leak sensor encased in a Teflon shell us

to detect accumulation of fluid in the tray andnsig

an alert. The sensor will respond to laboratoridfu

typically used in the system including wash solsent

modifiers and water. The drip tray also includes an

overflow port to allow excess fluid to be channeled

via a supplied drain tube to an appropriate wastéainer provided by the user.

A removable front panel provides users accessetdotlver two bays which support the
BPR and Booster drawers. Removal of the panetifopned by grasping the top left
and right corners of the panel and pulling gentiyvard to release the magnetic clasps,
then lifting the panel clear of the bottom locatpigs. With the front panel removed, the
user has access to all the user serviceable comizookthe module with the exception
of the CO2 inlet port and electrical connectionsated on the rear panel of the enclosure.
Except under very special circumstances, there iseed to remove the enclosure side
panels for routine operation or maintenance. Dsmghay damage delicate internal
components and void the module warranty. In aoiditremoval of side covers may
expose users to unguarded moving parts such asnferasrs or belt drives that represent
a mechanical hazards.

WARNING Removal of side covers will expose users to ungdad moving
parts that represent mechanical hazards. In addibn, this may
expose delicate internal parts to damage. Warrantynay be
voided if user opens these panels without specifiactory
authorization.

Fluidic transfer lines into and out of the A5 maelake routed through “T” shaped access
cutouts in the enclosure side panels. This rouligyvs the front panel to be replaced
after installation without crimping or twisting tife transfer lines.
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Figure 1.x shows the bottom rear view of the engles Located at the bottom left of this
figure is a CO2 inlet port. The port accepts afsot 1/8” OD stainless steel transfer line
supplied with the A5 ship Kit and intended to imluge CO2 vapor from high pressure
CO2 cylinders or CO2 liquid from a high pressure

CO2 delivery system. The inlet port contains a ct

style filter intended to remove any solid particata
introduced with the CO2 down to 10 um in size.
The cup filter is user replaceable and the reorder
number is available in the table of consumables
located in the Appendix.

Figure 1.3 also shows a fan guard intended to
protect a radiator based, circulated cooling syste
of the booster drawer. Cool air is drawn into the
module via this fan guard to help sustain the
drawers CO2 chiller operation. Airflow into the
vent must not be obstructed. Locating this vent n¢
the hot exhaust of another instrument in the
laboratory will decrease the chilling efficiency of
the chiller and will likely result in a higher -
maintenance frequency. Sharp objects should never Figure 1.3

be poked into the holes of the guard since thik wil Rear view of lower section
damage the radiator or fan assemblies of the agolin of the A5 Enclosure
system.
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The Electronics Bay
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Figure 1.4
Front and rear view illustrations of the A5 Electro nics Bay

The electronics bay of the A5 module houses poweplges, fans and mainboard
electronics used to power and control the modtitee bay is isolated from user contact
by the enclosure top cover. This cover should nbeaemoved by the user. Removal
will expose the user to high voltages requireddegr the device. Within the electronics
bay, 120V or 240 V AC supply power is converted 2/ or 24V DC power sources
which are distributed throughout the module to pometors, fans, sensors and pumps as
well as mainboard electronics. Use of low volt&ge power dramatically reduces shock
hazard to users in the event of equipment damageabunction.

WARNING Removal of the top cover will expose the user tigh voltages
required to power the module. No user serviceablgarts are
enclosed. The top cover should never be removed the user,
but only by a qualified service technician. A serios shock
hazard exists if the power cord is attached and th#p cover is
removed. This is true whether the unit is poweredmor off. As
a safety measure always remove the power cord beéor
removing the top cover.

The top front cover of the electronics bay housasdtatus lights in the upper right
cornor These lights are used to convey the operatidatd sf the module. In general,
illumination of the top light signals that the mdelbhas been powered while illumination
of the bottom light signals the module has reach&@ady” state of operation. Two
other modes of signaling are used by the statbssligp signal other module states. The
two lights flashing in an alternating pattern [o@e light on then the other] signals the
device is in “standby” mode. Both lights flashioig then off at the same time signals an
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error event of the module. The user is respoasil
for correcting and clearing error conditions beforg
attempting to restart the module for normal —= P ower
operation. A detailed description of the different

operating control states of the A5 module is offlers
in Chapter 4. Ready

i

i

The right illustration of Figure 1.5 displays area ]‘
view of the electronics bay. A panel mounted C14
(10A) filtered power entry module which conform:
to industry standard IEC-60320 specifications is Figure 1.5
located in the upper center of the diagram. The Close up view of the
receptacle requires a mating C-13 terminated poyer A5 status lights
cord. A US power cord conforming to the NEMA
5-15P specification is included in the A5 ship Kithis power cord allows connection to
US standard 120V 15 amp AC circuits via a plug allweceptacle. The A5 module
itself can accept AC power in the range of 100 8 ¥4t 50-60 Hz. Users operating the
A5 module in other countries are responsible fqgptying a suitable power cord with
appropriate termination. The power receptacleaiosta dual fuse drawer in
conformance with IEC 61010 safety standards. Fasesser replaceable according to
the maintenance procedure found in the Chapter 5.

U7

To the right of the power receptacle is a rockpetgower switch. Depressing the
bottom of the power switch turns the unit to theFQIF unpowered state. Depressing the
top of the power switch powers the A5 module. Etder diagnostic testing and certain
plumbing maintenance procedures, all maintenanderpged on the A5 module should
be performed with the power switch in the OFF posit

To the left side of the rear view figure [i.e. ¢retmodule’s rear right side] is a bezel
which provides a series of low voltage electricahmmections. These connectors are
labeled as follow and are briefly described below:

— Reference In This connector uses a BNC type cable to corodtie analog out
BNC connector of the Agilent Binary Pump.

— Analog Out. This connector is reserved for special applicetiof theAS
module.

— USB. This connector mates to the B side of a supplis& cable. The cable is
then connected to the PC workstation at an availal®B 2.0 port.

— Remote This connector uses a supplied DE9 m/m cablecandects to the
Remote port of the Agilent autosampler. In then¢vleat a CTC autosampler is
used, the CTC and the A5 module connect to the ‘RRehport of the Agilent
binary pump via a Y cable.

— Relay Input. This connection is used only if the wash pumipssalled. The
supplied DE15 cable connects to the BCD accessteyface installed in the
Agilent autosampler during system setup.
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— RS232 This connector is reserved for special applicetithe A5 module. It is
not equivalent to or a suitable replacement fold&8 connector for
communication to the Workstation PC.

Installers should use only the cables supplied ti€hA5 for connection of these analog
and digital signals. If a particular cable is losdamaged, a replacement cable should be
ordered from Aurora SFC Systems. Care shouldientan inserting cables into
connectors. Damage to connectors on the bezetesililt in replacement of the
mainboard of the module.

WARNING Only cables supplied with the SFC Fusion A5 modalshould
be used. Use of other cables may result in violan of IEC or
NRTL compliance specifications. The A5 module may
experience undue susceptibility to external radiai@ or
conducted frequencies.
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The BPR Drawer
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Figure 1.6

lllustration of BPR Drawer components

The BPR drawer houses the system back pressurat@gand optional wash pump
assemblies. The function of this drawer is to mte\nigh precision control of the system
back pressure independent of pressure setting,rlitevand composition within the
operational range of the SFC system. If speciitosamplers are selected during the
order process, an optional wash pump is instafiede BPR drawer. The pump provides
low pressure solvent to the autosampler to helpagedample carryover.

The BPR head is heated to promote smooth contbteplace heat consumed by the
phase change of CO2 from liquid to gas across ¢lzele orifice. The heated control
range is 30 to 70 C, however the temperature caeegkthe control range during startup,
when flow or composition are suddenly changed trefheater goes into a runaway
condition. Open loop temperatures of the BPR loa@awdexceed 120 C. This component
should always be considered a hot surface capabidioting serious burns to skin. The
front cover should always be installed during opereas a safety measure.

WARNING The BPR head can reach temperatures exceeding 120n

fault states and should always be considered a seuis burn
hazard. The front cover should always be installeduring
module operation as a safety measure.

Figure 1.2 shows the main elements of the BPR ashwump assemblies. Inlet and
outlet flow paths for each are displayed in bluéhiefigure. Both devices are user
serviceable from the front panel of the BPR drawine BPR is designed to be
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replaceable. In the event of BPR failure, the alsgronnects the inlet and out flow lines,
unplugs the BPR heater connector and unscrewsReHgad assembly from the front
panel. The replacement BPR head is refastenedyfiothe panel, plugged into the
heater connector and reattached to the inlet atidt@onnectors. No calibration of the
new BPR head is required. Service to the wash poolpdes standard operations such
as check valve and seal replacement. Again, allatjpns are accessible from the front
panel of the BPR drawer.

Exchange of the entire BPR drawer assembly is @vailas a service option, but is
outside the scope of this manual. In the eveaihoéxchange, specific instructions will
be included with the new drawer for the removal eeplacement of the drawer as well
as return of the defective drawer assembly.
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The Booster Drawer

Transparent Booster
Vapor Barrier Pressure
Foam Vapor === Sensor
Seal
_ To CO2
Chiller Metering Pump
Assembly
Booster
Pump Head Sﬂlig;ead

Booster Drawer

Figure 1.7
lllustration of Booster Drawer components
accessible from the front panel

The Booster drawer houses components of the SFIGFAS module responsible for
preconditioning the C&to a high pressure liquid state immediately pt@obeing
metered by the HPLC system binary pump. All ugeviseable components of the
booster drawer are accessible from the front paintle drawer. These include the
booster pump seals and check valves, and in raescthe pump piston.

Plumbing in the booster pump is pretested for ledkbe factory. The only fittings that
may need adjustment are fittings related to pungu lmemoval; check valve replacement
and attachment of the outlet transfer line to tigdeXt binary pump. Users should avoid
over tightening fittings since this may cause disto of the bulkhead fittings and
require a service call to remove leaks.

The majority of accessible components of the bagaimp are located within a
transparent shield sealed to the drawer face wittaia seal. The shield and seal act to
prevent infiltration of water vapor into the pumgad compartment. This is critical since
in routine operation, the pump head chiller assgro@h reach temperatures as low as
-20C. Without an adequate barrier, water vaporlavcapidly freeze into a large ice ball
at the pump head. Freezing water consumes adgabof power and dramatically robs
the chiller of power necessary to chill incoming Z0 the liquid state.
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For service operations, the transparent shieldsfyeremoved by removing screws at
each corner. Before removal of the shield, the pumit should be allowed to warm to
near room temperature to prevent significant cosdgon on the metal surfaces. After
service, the metal surfaces should be wiped fre@ngrapparent condensation before the
shield is replaced. It is not unusual to obsertl@rapatina of frost coating the chiller
plate during operation. This arises from a vergk@imount of water trapped inside the
shield and is not harmful to the booster operati®bserving a growing accumulation of
frost inside the shield is an indication of sedufe and should be corrected.

External to the vapor shield are the outlet comptmef the booster pump. These include
a bulkhead union that delivers the conditioned @®the face surface; a booster outlet
pressure sensor and a fluidic tee that splitsltve $tream between the dead-ended
pressure sensor and the module outlet.

Internal components of the booster drawer incliigebiooster pump drive mechanism; a
CO2 shut off valve; an inlet supply pressure sers@ulse dampener; and a radiator-
based, circulated liquid cooling system. Thesepmamments are specifically selected for
long term, low maintenance operation and are ndtqfahe user serviceable parts list.
Annual maintenance by a qualified service repredmstis recommended for
maintaining these components in good working order.

Exchange of the entire booster pump drawer is abkgilas a service option, but is
outside the scope of this manual. In the eveaihoéxchange, specific instructions will
be included with the new booster drawer for theaeashand replacement of the drawer
as well as return of the defective drawer assembly.

The booster pump is capable of prepping CO2 falagued flow at rates of up 5 mL/min
and pressures up to 400 bar measured at the Agileaity pump inlet. Despite the high
flow rate and pressures, internal fluidic voluméshe A5 system remain low. Total
fluidic volume prior to the booster stage is ldst5 mL, while total fluidic volume

after the pressurization stage is less than 25 Titlese stated volumes do not include the
volumes contained in the external component oHR&C system, but do include the
return internal volumes of the BPR flowpath as well
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Safety Features

The SFC Fusion A5 module is equipped with sevexfaty features designed to prevent
accidental hazardous operating ranges from beingwaed when operating as part of a
larger SFC System. These features include:

— Protective Grounding

— Double Fused Power Entry Module

— APG Remote Connection

— Liquid Leak Sensor

— Chiller hardware current limit

— Normally closed CO2 supply valve

— Pump and fan index monitoring

— Booster Motor and Injection Wash motor index mormitg
— Back Pressure Regulator Drive Home Sensor
— CPU Watchdog timer

— System Pressure monitoring

— System Temperature monitoring

— Inactivity Timeouts

- Readiness timeout

— Power Supply Monitoring

— System Log Book

Protective Grounding

The SFC Fusion A5 is designed to be powered uspager cord with a protective
ground wire. The wire grounds the instrument @sgprotects users from accidental
exposure to high internal voltages used to powestistem. The A5 must be installed
into a properly grounded outlet before poweringdkeice. Never defeat the grounding
path by using ungrounded adapters between the ASh&npower source. This can
create an unsafe operating condition.

WARNING The A5 must be installed into a properly groundetled before
powering the device. Never defeat the groundirtg pg using
ungrounded adapters between the A5 and the poweresoThis
can create an unsafe operating condition.

Double Fused Power Entry Module

The power entry module of the A5 module is doubkefi in compliance with IEC and
CE safety guidelines. The two 8A 250V time-delayated fuses protect the device from
external power surges and internal electrical nmaifions and shorts. Spare fuses are
supplied as part of the A5 ship kit.. Users shadder simply change a fuse without
first trouble shooting the cause for failure.
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APG Remote Connection

The A5 has a bi-directional signal to monitor fatexnal errors reported by the HPLC
system, and to report faults and errors recognigetthe A5 to the HPLC.

Should the A5 sense an HPLC reported fault on #madte Shutdown line (pulled low),
the A5 will immmediately respond by disabling alhdr, control, and CO2 supply. A
severe fault recognized within the A5 will resultthe same system shutdown, and the
Remote Shutdown line will also be signaled to sctlaenHPLC system as well.

In addition to reporting Shutdown Faults, the reenminnection will also continuously
report the ready/not ready state of the A5. THanwes the HPLC to delay run time events
if the A5 is not at ready conditions.

Liquid Leak sensor

The A5 has been designed to contain liquid leakkerfront of the system bulkhead
area. Liquid leaks and spills do not enter thaaceupied by electronics or motor
devices. Below the bulkhead is a drip tray thaitams an active leak sensor. Anytime a
liquid (leak, condensate, solvent, coolant) miggdteneath the sensor, a leak fault is
triggered and the system immediately scrams. @&hmte shutdown is also signaled and
the HPLC will shutdown also.

Chiller hardware current limit

An over-current protection circuit is installed e chiller drive circuitry. In the event
that the chiller electronics draw excessive currdrd error will be instantly signaled and
current shut off. This will place the system inat ready state. The A5 will remain in
this state until either reset or power cycled.

Normally closed CO2 supply valve

The Fusion A5 is equipped with a normally closeftb@irvalve on the CO2 supply line.
In the event of a power failure or the instrumeniuirned off, the supply valve
automatically closes. Additionally, when the Adist actively pumping, the supply
valve is also closed. The presence of the supgdevprevents continual and un-
intended flow from the supply source.

Pump and fan index monitoring

The chiller circulatory pump, and the chiller fdhrave active sensing to ensure proper
operation. Should the circulatory pump or fan bagnning at an excessively slow
speed, or stop operating at all, the system wikiea not ready state and indicate the
source of the fault.
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Booster Motor and Injection Wash motor index
monitoring

Any time the booster motor or injection wash mate supposed to be operating, their
motions are monitored. Should either of these nsateport excessive motion signals, a
torque fault is signaled. These signals generalbyesent an unexpectedly high pressure
in the pump’s fluidic paths prevent proper operatidhe torque fault places the system
in a not ready state and will be automatically éaf normal operation is restored.

A power on check is also performed to ensure ti@sensors and motor drive mechanics
are operational. If during the power on checkrttogor(s) fail to advance, or the sensor
fails to record motor motion, a system fault wid signaled.

Back Pressure Regulator Drive Home Sense

The back pressure regulator drive mechanics haaetare home position sensor. At
power on, or when the system begins operation béerg in the OFF state, the BPR
drive is exercised to move to a fully open (no pues) position before moving into an
operational range. This movement ensures the pogeration of the back pressure
regulator drive mechanics.

CPU Watchdog timer

The processor implements a Watchdog timer. Shewgats occur in processor firmware
that prevent proper operation and control of Axdhare, the processor will
automatically reset, disable active control, anelcexe power on diagnostics.

System Pressure monitoring

The Fusion A5 has pressure sensors that continonahyjtor system operation. These
sensors perform general status, over-pressurejradet-pressure (leak/rupture) sensing.

CO2 Supply Pressure

A pressure sensor exists on the CO2 supply lirfés §ensor monitors the pressure of the
incoming CO2 stream. In the event that this sedsgps below a low pressure limit
value for a continuous minute, the system entémaSupply Pressure fault. This fault
is self clearing on restoration of supply pressure.

Booster Pressure
A pressure sensor monitors the output of the CQidteo. This sensor will scram the

system (all zones off) should the pressure evardea value in excess of an over
pressure limit of 450 bar.
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There is also under pressure sensing enabled.|dSboaoster pressure drop noticeably
below CO2 supply pressure for two continuous misyudeeak will be assumed and the
system will immediately shut down all zones.

In addition to the extreme over pressure everawet, configurable zone pressure limit
is implemented. Should the booster pressure riggglconfigurable limit, the booster
zone is immediately stopped until the zone reaehesrmal operating range.

BPR Pressure

The back pressure regulator performs checks sitaildre booster. Any recorded
pressure value in excess of an over pressuredirdi®0 bar will result in an immediate
system shutdown.

Should there be five continuous minutes of readimggeably below that of CO2 supply
pressure; a leak will be assumed triggering an ichate system shutdown.

The back pressure regulator also implements agurable zone limit. Should system
back pressure reach this zone limit, the nozzé@msmanded to open until the zone is
within a normal range.

Aux Pressure
When equipped with an Auxiliary pressure sensa Rhision A5 will perform an

immediate shutdown on pressure over 450b. Thisosas a witness to the HPLC
column head pressure when installed.

System Temperature Monitoring

The A5 monitors and controls the temperature otcthiber and back pressure regulators.
Temperature limits are imposed on these zonesul&Htioe temperature exceed a
configurable limit, the zone is turned off.

In addition to monitoring temperature, the tempa@asensors are monitored for correct

functioning and presence. Should a temperatursoséail, or be removed from the
system, the fault will be recognized and the zoileb& shut down.

Inactivity Timeouts

The Fusion A5 has a standby mode whereby the chitie¢ nozzle temperature zones,
and back pressure drive remain enabled. This rhadea duration limit that after four
hours of standby operation, the A5 will shut dowrcantrol and enter the Off state.
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Readiness timeout

The Fusion A5 monitors overall system readinessoufl the A5 operate in a not ready
state for more than 15 minutes, it will be assumiadl a fundamental error in system
operation has occurred and the system will shutdawcontrol immediately. In normal
operation, the A5 will achieve readiness withirsttimeout.

Power Supply Monitoring

The A5 continuously monitors internal power supypbtages for proper operation.
Should a power supply exhibit an improper value,dizstem will enter a not ready state
until such time that normal operation is restored.

System Logbook

All of the events, errors, and faults listed irsteection are maintained in a hardware
based logbook for the duration of the instrumentgroon state. These faults and error
conditions can be read by the Aurora DiagnosticMathtenance Ultility.
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Chapter 2
Site Requirements and Specifications

Physical and Facility Requirements

Overview

Selection of a site for installing the SFC Fusidhodule is critical to achieving
optimum performance, robustness and serviceabilitige instrument. The A5 module is
intended for use in a climate controlled industiadloratory with adequate power,
ventilation, CO2 supply and mechanical integritytgport the units operation. The A5
module uses pressurized carbon dioxide G its primary fluid. Different laboratory
sites have different requirements for use of liggeefas cylinders or supply systems, and
consideration must be made for safe routing angetgl of CO2 vapor or liquid to the
instrument.

The A5 module is an add-on accessory to an exigtgignt 1100 or 1200 series HPLC
system operating under local ChemStation cont#al.such, the module must be located
immediately adjacent to the HPLC stack. The A%rument design permits facile
installation on either side of the instrument stadth only a few inches of total clearance
on either side.

In general, meeting the following criteria for sgelection will minimize installation time
and optimize system performance:

* A permanently anchored, low vibration laboratorpdie surface with adequate
linear space and support capacity to handle thghweif the A5 module, HPLC
system and PC controller

* A complete Agilent modular HPLC system stack inahgdall original instrument
covers and flow components

» Sufficient permanent electrical outlets to handli@awer cords of the system
without use of temporary power strips or extensiords

* Nearby local fume venting access without routingss aisle ways or above
ceiling tiles

* Nearby access to a CO2 supply without routing act@sficked areas. If high
pressure cylinders are used, adequate mountingvaegdor securing tanks is
required.

* A location away from direct exposure to sunlight 4o variable temperature
drafts arising from HVAC or adjacent instrumentatexhaust flows.
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» Temporary access to the rear of the module and Hi®a€k for component
installation and cable routing.

» Typical laboratory level of air exchange ratestdeast 6-10 per hour or higher
[compared to typical office exchange rates of 4rhou

* Low dust levels in air and on bench surfaces.

Customer Responsibilities

Make sure your site meets the specifications desdrnn this chapter. Customers are
responsible for providing the necessary spacejngoapacity, electric outlets, gases,
operating supplies, consumables and other usagadept items such as columns, vials,
syringes and solvents (minimum solvent purity: HREfade Methanol, or Ethanol)
required for the successful installation of instemts and systems.

In addition, customers are responsible for allrigkand fittings required for complete
plumbing of the HPLC system from the binary pumlgtito the detector outlet. Itis a
good idea to keep extra tubing on hand for theallzion of the A5 system, since new
flow paths are used in the column compartment.

Tubing used in SFC should never be hand cut wittaaual or an abrasive wheel cutter.
Such cuts tend to be irregular and provide poordead volume connections. SFC
mobile phases have very high diffusion rates abthtuof greater than 0.007” id is
inappropriate. Tubing id of 0.00%8 preferred in the SFC flow system.

Agilent sells very flexible stainless steel capifléubing terminated with 1/16” OD caps
for high pressure fluidic connections in a varietyengths. These tubes use Swagelok™
style compression fittings and are preferred fo€ $i5e. The tubing is color coded. Red
indicates 0.005” id and green indicates 0.007” id.

Use of PEEK tubing or ferrules is not recommendggtreme care must be taken when
loosening such polymeric fittings since the tubtag blow out resulting in rapid release
cryogenic CO2 and solvent if the system is pregsdri

WARNING Use of PEEK tubing or ferrules is not recommendedUse of
polymeric ferrules can allow tubes to “blow out” sppntaneously
during operation or when loosened under pressure.

Further, the customer is responsible for the opeyatondition of the HPLC system at
the time of installation. If modules have been rfiedifrom their initial condition [for
example, mixing components removed from the bipamyp, the components should be
restored. It is strongly recommended that panstallation of the A5 module, the
HPLC system receive a professional service examimathich tests operational
gualification and performance verification for eactlividual module and the system.
Such testing, however, does not always reveal $ssueh as contamination or minor
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leaks that can plague the performance of SFC ihddtessed. The user should also
provide a compete rinsing of untested elements as¢he vacuum degasser.

Finally, in locations outside the United Statesstomers are responsible for supplying a
suitable power cord in conformance with local regjohs. The A5 power cord
specification is found in the Electrical sectiortloé chapter.

NOTICE If you have problems in providing anything descrilzs a Custome
Responsibility, please contact your local Auror&SFystems agent
for discussion and for assistance.

Ventilation.

The SFC Fusion A5’s exhaust must be vented outditiee laboratory environment. This
can be done by placing the outlet of the wastdéutto the air stream inside a chemical
fume hood or into a sealed local vent access tout&de. The exhaust vent system
should not be part of an environmental controleysthat recirculates air inside of a
building. Exhaust venting requirements need to dgmjith all local, state and federal
environmental and safety codes.

Venting Capacity: Not less than 0.5 cuft/minute lifigrs/min).

A 2 meter (6ft.) length of 1/4 inch i.d., 1/2 otggon tubing is included for venting the
gaseous exhaust. A small plastic bottle is provideskparate liquid components from
gaseous exhaust. The vent line may be easilyéeteby a 1/2” 0.d. Teflon or tygon
extension tube. The customer is responsible fbecon and disposal of all waste
streams and maintenance of the waste collectidersys

The waste stream from a supercritical fluid chraygedph consists of liquid droplets
entrained in a high velocity gas. The liquid isilgasapped in any suitable container but
the gas stream MUST be vented into a fume hoobrough a vent to the outside. A tube
from the outlet of the back pressure regulatorlmadirected into the supplied waste
bottle to capture the liquid.

A small amount of modifier is always present in ¢faes stream. In the case of methanol,
between 1 and 2% methanol is always present iwéiste gas at room temperature.
Methanol is toxic and prolonged exposure may leagktious health issues. Consult the
Materials Safety Data Sheet shipped with the sali@mappropriate handling, storage
and use.

WARNING The effluent from a supercritical fluid chromatograph may
contain vaporized , toxic solvents. Never vent intan enclosed,
occupied space. Always vent into a fume hood or veto the
outside.
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Many of the modifiers used in SFC are toxic andisenstatile. They should only be used
in a space designed as a chemistry laboratoryher guitable space with a high rate of
air exchange.

In addition to exhaust ventilation, the A5 unit gltbonly be operated in an area with
sufficient laboratory air exchange, generally 6alf0exchanges per hour. During routine
operation of the A5 module small volumes of COZ2rateased the air from low level
leaks, column changing, exchanging the CO2 sugpll etc. With proper air exchange
levels, these releases are not be considered lmamasthce they do not approach the
OSHA personal exposure level (PEL) for 8-hour exppegor CO2.

As an added safety step, the local air in the iticiof the A5 system can be monitored
for CO2 via any of several inexpensive air quatitynitors. Alarm levels should
generally be set to 5000 ppm, the OSHA 8-hour PELhe alarm sounds, action should
be taken to identify the specific CO2 leak sourlteshould be noted the exhaling directly
on to such a CO2 monitor will drive it to an alastate since the CO2 content of expired
air exceeds the PEL level.

Environmental Conditions

The SFC Fusion A5 is a laboratory instrument andsnded to use outdoors or in areas
with uncontrolled temperature and humidity conaiio Environmental requirements for
temperature, pressure and humidity for the SFCdrRUAb system are generally more
restrictive than those of many high performance BRlstems intended for laboratory
use. Operating the SFC Fusion A5 System withenréitommended temperature ranges
insures optimum instrument performance and lifetiRerformance can be affected by
sources of heat and cold from direct sunlight, ingatir conditioning systems, or drafts
as mentioned earlier.

The site’s ambient temperature conditions mustélgles for optimum performance of the
entire system. Temperature changes of 3°C / holassr(as defined by ASTM
conditions) are required to achieve best possiagelne stability. Higher variations will
result in higher signal drift and wander of theddae of the coupled HPLC system.

Allowed temperature and humidity ranges:

e oOperating temperature: 15 to°80(59 to 85F),

<@/hour rate of change
e operating humidity < 95%, non-condensing
* operating Altitude: up to 2000m (6500ft).

There is a small dependency between room temperatd the flow rate of carbon
dioxide delivered by the SFC. The density of thelfdelivered depends on the
temperature of the Agilent binary pump head, whschot controlled. If the instrument
experiences large day to day swings in temperatiorg,may vary by more than 1%.

User Guide for the SFC FUSION A5 page 29



The SFC Fusion A5 and HPLC instrument should tumatad to avoid intermittent,
direct, strong air drafts, such as emanating freating/cooling equipment. This is
particularly true when attempting to perform tracalysis. The refractive index of
carbon dioxide varies 30 times more than the réfraéndex of water in the vicinity of
room temperature. The largest single source of &éaor noise can be drafts from air
conditioning/heating ducts. Avoid direct sunlightish can cause uneven heating.

The SFC Fusion A5 is unique in being able to puamben dioxide that is supercritical
(>31°C) in the source. However, excessive heateglacggher demands on the
chiller/condenser. Further, this temperature neggosubject to high rates of change in
CO2 density. These factors drive the specificatiat laboratory air temperature should
be maintained below 30°C.

Finally, care should be taken when arranging imsémnt configurations in a back-to-back
orientation so that hot exhaust of one instrumgmiot exposed to the air intake of the
other. The A5 module intakes cooling air nearlibtom rear of the instrument and
exhausts air near the top of the rear enclosurelpab exhaust air is never more than a
few degrees above room temperature. However, laggeiments, such as mass
spectrometers can deliver large volumes of heathdwst. Such exhaust should be
deflected upward and away from the A5 module reaep

AlthoughThe SFC Fusion A5 has minimal problem with condeosain cold surfaces,
any condensation should be avoided. There is & leay with a leak sensor at the
bottom of the A5 module to catch any condensatideaks and divert them to a waste
bottle. However, any significant volume of liquidthe leak tray will trigger the leak
sensor and shut off the pump.

CAUTION Do not store, ship or use your The SFC Fusion A5 odule under
conditions where temperature fluctuations could case
condensation within the module. Condensation will dmage the
system electronics. If your module has been shippex cold
weather, leave it in its box and allow it to warm p to room
temperature slowly to avoid condensation.

Bench Space

The A5 Module requires approximately 1 foot of ABndench space immediately
adjacent to the target HPLC system stack. Approteiyd inches of free space is
required behind the instrument for cable accessadeduate air flow for ventilation.
Similar access to the rear of the HPLC stack is eguired to install cables and interface
cards. As mentioned earlier, for optimal performeribe rear air space should not be
heated significantly from room temperature by thieaeist of other instrumentation in the
lab, rather hot exhaust should be vented or didegpsvard from the instrument.
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The module is designed to install on either sidthefHPLC stack with sufficient high
pressure transfer tubing to attach to a doubl&ksthsystem. In the event the LC is
attached to a split flow detector such as Mass 8p&t . SD, the A5 module should be
positioned on the opposite side of the stack. Ssebwerhanging the A5 module should
provide a minimum of 6 inches of clearance to albmeess to the rear power switch.
Finally, the PC system interface to the A5 modsl&JEB 2.0. A six foot cable is
supplied with the system. The CPU must be placékinvrange of this cable. Alternately
the user may supply an extended length USB catileorexceed 16 feet.

While the SFC Fusion A5 module can exist on eiee of the HPLC, it is often easier
to locate it on the left side of the HPLC system.

Dimensions and Weight

Select the laboratory bench space before yourmsyataves. Pay special attention to the
total height requirements. Avoid bench space witbrbanging shelves. Pay special
attention to the total weight of the modules angesds you have in addition to the SFC
Fusion A5. Make sure that your laboratory benchsgyport this weight.

Table 2.1
Nominal Weight and Dimensions for the
SFC Fusion A5 Module

Weight 26 kg 56 Ibs.
Height 60 cm 23 1in
Width 26 cm 10 in
Depth 48 cm 18 in

Fusion module is heavy (approximately 26KG or 56rmts). The module should be
removed from its packaging and lifted to the bebghwo people. It should be
positioned on a sturdy bench capable of holding weight plus the weight of the HPLC
system with which it is operated.

WARNING The SFC Fusion A5 module is heavy. The moduleiishioe
removed from its packaging and lifted to the bebghwo people.

A dedicated 15 Amp 100-120V or 10 Amp 200-240V [#0%] AC power outlet with
line frequency of 50-60 Hz [+/- 5%)] is required fbe SFC Fusion A5. The A5 module
should be located within 1 meter (3 feet) of thislet. In addition, the host HPLC
system, computer system and printer require aduditioutlets.

In locations outside of the US, the customer ipoesible for providing an IEC 60320

C13 power cord to connect to the IEC 60320 C14 Ipaovenector located on the rear of
the SFC Fusion Ab.
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Power specification for the SFC Fusion A5 is 100-¥AC 50/60 Hz 700 VA Max.

Gas Supply Selection

The A5 module can accept either liquid or vaporggh@O2 at its inlet. Both phases
must be clean and substantially free of other evdaliquids, vapors or solids. It is
highly recommended that CO2 delivered from highspuee cylinders be delivered as
vapor [i.e. no dip tube]. The A5 module contairfS@2 supply valve that will fail if inlet
pressure exceeds 1200 psi. As a result, large<oPgly systems may require pressure
regulation to prevent overpressure. The maximwuormenended inlet pressure is 1000
psi. The minimum inlet pressure is 600 psi [4€].bA listing of suitable and unsuitable
CO2 supplies appears below.

Suitable CO2 Supplies

- Beverage Grade CO2 (>99.98% bulk purity) deliveasé vapor from high
pressure cylinders

-  SFC Grade CO2 (>99.9999% bulk purity) deliverea aspor or liquid from
high pressure aluminum cylinders.

- High purity CO2 (>99.9998% bulk purity) deliveredin a distributed high
capacity CO2 delivery system. The CO2 may be dedid as either a vapor or
liquid. The user is responsible for providing ligbnt-free shutoff valving to
isolate the A5 module from the supply system. Addequate pressure regulation
must be supplied to prevent exceeding the maxinmleh pressure specification

Unsuitable CO2 sources include:

- Cryogenic Dewar Cylinders or tanks. The vapor ftbese vessels is of
insufficient pressure.

- Helium padded high pressure CO2 cylinders
- premixed CO2/organic liquid cylinders

Aurora provides a CGA 320 gas connection as pdutS&hip kits. Outside of the US,
the customer must provide a means of interfacisgpgplied 1/8” steel tube with
(Swagelok type) compression fitting to the gas suppbottle. A 6-foot [~2meter]
1/8”0d inlet transfer line is included with the tg/®. The user supplied CO2 system
must be located within range of this line. Altdalg, the line may be extended by the
user using appropriate compression fittings, amdgure rated stainless steel transfer
tubing.

Conversions: 1 psi = 6.8947 kPa = 0.068947 Bar = 0. 068 ATM
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Cylinder Storage.

Carbon dioxide in steel cylinders exists as a tiqnicontact with a vapor. Direct storage
in the hot sun, or other hot locations can resultaporizing ALL the fluid, generating
excessive pressure which could rupture the safsky bcated in the cylinder valve.
Consult the cylinder supply company for appropreiteage conditions.

Carbon dioxide in cylinders should not be storeextremely cold locations,
either. Storage at very cold temperatures resuléssignificant drop in cylinder pressure,
which prevents a pump at higher temperatures froamging the fluid inside. Although
there is no safety issue with cold locations, carthoxide is a very poor conductor of
heat, and it may take many hours, or even daysaatowThe carbon dioxide cylinder
pressure must be above 600 psi to satisfy inletsoire requirements of the A5.

Flammable Solvents

The A5 module is exposed to solvent contact from $aurces: the return line to the BPR
and the wash pump. Some solvents are flammablenaistialways be handled with
appropriate care. In normal operation, solvergschanneled out of the A5 unit to proper
waste receptacles; however, accidental leaks will@rsystem are possible. With all
covers in place, leaks are channeled to eventugdigh the bottom drip tray where a leak
sensor will halt operation of the system.

The table below lists several common laboratoryesdls with varying autoingition
temperatures. The normal maximum operating tenyeraf the BPR is limited to 70 C
with a power off fail safe maximum of 100 C. Imwmaway condition, temperatures may
reach significantly higher temperature. Solvent$autoignition temperatures below
200 C must not be used. This includes such sawentarbon disulfide and diethyl ether
and some hydrocarbon mixtures. Further, solventsflash points less than O C are
strongly discouraged from use. If these solvergsuaed, the operator takes
responsibility for providing extended safety proges$ to maintain safe operation.

Warning cCarbon Disulfide and Diethyl Ether are prohibifeduse in the A5
module. These materials have unusually low auttbggntemperatures
and can form explosive byproducts such as peroxidegse and similar
reagents represent a severe fire or explosion tazar

When flammable solvents are used with the A5 diné,unit should be located away
from open flames and spark sources.

Table 2.2
Flammability Parameters of Common Laboratory Solven ts
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Closed Lower
Cup Flash Explosive Upper Autoignition
Solvent Point Limit Explosive Limit | Temperature
(©) %v/v %v/v (V)
Carbon Disulfide -30 1.3 50 90
Diethyl Ether -45 1.9 36 160
Pentane -49 1.5 7.8 285
n-Hexane -22 1.2 7.5 233
Acetone -18 2.6 12.8 485
Methyl Ethyl Ketone -7 1.8 115 505
Ethyl Acetate -4 2.2 114 460
n-Heptane -4 1.2 6.7 215
Nonaromatic Hydrocarbon Solvent
(100- 140 C boining range) 1 0.8 8 275
Toluene 4 1.3 7 535
Methanol 10 7.3 36 455
Isopropanol 12 2 12 425
Ethanol 13 3.3 19 365
n-Butyl Acetate 24 1.7 15 370
m-Xylene 25 1.1 7 525
n-Butanol 35 14 11.2 340
Mineral Spirits
(150-200 C boiling Range) 38-43 0.7 6.5 258
Nonaromatic Hydrocarbon Solvent
(150- 200 C boiling range) 39-43 0.6 6.5 260
Aromatic Solvent
(150- 200 C boiling range) 47-50 1 7.5 496
Nonaromatic Hydrocarbon Solvent
(200-230 C boiling range) 82 0.6 5 250
Nonaromatic Hydrocarbon Solvent
(250-270 C boiling range) 117 0.5 4.7 240
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HPLC Requirements

The SFC Fusion A5 interfaces to a pre-installedfatig functional Agilent 1100/1200
HPLC system. Prior to installation of the A5 magluhe customer is responsible for
insuring the HPLC system performs to the manufactuoperating specifications. A
preferred order of components for low noise operatiom top to bottom is:

- solvent storage compartment
- vacuum degasser module

- binary pump module

- Autosampler module

- Column oven module

- Detector module

The system should be fully rinsed to remove regidtganics, buffers and incompatible
solvents. Aurora recommends rinsing Channel A i@ mL of HPLC grade water
followed by 100 mL HPLC grade methanol. Channai®uding the degasser channel
be rinsed with 100 ml of water followed by 100 miLneethanol. Allow the rinse solvent
to flow through the entire system [replace the ooluwvith a union]. After rinsing, drain
solvent from the channel A ports [Al and A2 if éesdon valve is used] and plug the
degasser ports for these channels.

If pump seals have been in service more than ti@#hs, Aurora recommends that they
be replaced using the yellow [UHMW PE blend] seafailable from Agilent[ p/n 0905-
1420 for normal phase solvents] or Aurora SFC 3wstg/n 00-73-1010]. A set of seals
is supplied with the A5 ship kit. The installectk Agilent seals [p/n 5063-6589] will
work but will have a shorter service life pumpin@QZ

As part of the sales process, the customer widdbed to complete a configuration
description of the host HPLC system using the Aa®FC Systems Configuration
Guide. Please refer to this guide for detailettutsions, compatibility requirements and
ordering specifics.

In brief:

- All model numbers refer to both 1100 and 1200 sehigilent modules with any
letter designation [A,B, etc.] unless explicithatgd

- The HPLC system must utilize a G1312 Binary Pumprtwvide high pressure
mixing. A required Binary pump compatibility kit iscluded as part of the A5
System. Agilent Isocratic and quaternary pumpshatesupported at this time.

- Agilent autosamplers such as the G1313, G1329CAr367 are acceptable with
installation of a required AutoSampler compatiikit available from Aurora
SFC Systems. CTC Pal autosamplers are acceptable\separate kit.
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- UV detectors such as a VWD, DAD, or MWD are accklgtavhen utilizing a
high pressure flow cell. Such cells may be avaddl®m Aurora SFC Systems or
other vendors. In the case of the 1100 DAD and MiWw&lules, B series or
higher are recommended. Please consult your sgpessentative for specifics.

- All modules should be upgraded to firmware Rev A0Q6or greater.

Anecdotally, some older versions of the 1100 serie®odules have
demonstrated problems with certain revisions of theA.06.0x
firmware. A specific pattern has not been identifed. If the
module behaves abnormally with later firmware versons in this
series, try an earlier version. As a last resort, &ck the firmware
rev to the last A.05.xx version. This will requiredowngrading all
modules in the stack since communication issues siin the CAN
bus between revs A.05 and A.06. Use of rev A.05 fismware will
prevent mixed use with 1200 modules in the stack.

The Customer must insure that any other additioralules, detectors, valves, columns,
tubing, fittings, etc are compatible with pressutemperatures, and solvents used in the
SFC system.

PC and Software Requirements

The HPLC system must be installed and controlletl vigilent ChemStation versions
B.02.01 or newer. Older versions are not supported.

The PC should not have power save/power down meagsled. Windows XP [w/ SP2
or SP3] and Vista w/ SP1 are supported. Window® 200SP4 will function but is not
recommended due to poor performance of the USB agmuations port. Installation of
current service packs and updates for the operayisigm and system utilities is
recommended. Anti-Virus software is recommendedfidudisc scans should not be
performed during instrument operation.

The PC must have an available USB2.0 port. Aviélatemory must meet the HPLC

manufacturer’s requirement for the installed waakish. Aurora recommends a
minimum of 2 Gbyte of installed memory.
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Summary of SFC Fusion A5 Specifications

Table 2.3
SFC Fusion A5 Specifications
Physical

Weight 26 kg
Dimensions (h x w x d) 60 x 26 x 48 cm
Line voltage 100 — 240 VAC
Line frequency 50 or 60 Hz
Power consumption 700 VA Max
Operating temperature 15-30 °C
Non-operating temperature -40-70°C

Humidity

< 95 %, Non-condensing

Laboratory Ventilation

minimum 6 air exchangedfrlab air; CO2 monitor
recommended w/ alarm @5000 ppm

Exhaust Vent capacity

>20 liters/min with sustainedative pressure

Operating Altitude up to 2000 m (6500 ft)

Non-operating altitude up to 4600 m (14950 ft)

Safety standards: IEC, NRTL
Chemical

Inlet CO2 Bulk Purity

>99.99% vapor; >99.999% lidui

Inlet CO2 Phase

vapor from non-diptube high pressylinder; liquid
from commercial CO2 delivery system

Inlet CO2 Supply Pressure

40-70bar  [580 to0L]

Inlet CO2 temperature

10-30C

Wash Solvent

HPLC grade alcohol

Ligquid Coolant

30% propylene glycol in deionizedtara proprietary
antioxidants; red dye added for safety

Coolant volume

Wetted Materials

High Pressure flow path

<300 mL

300 and 400 series sta x|
PEEK, Carbon filled PEEK
Teflon, PTFE, FEP, CTFE
UHMW PE
Ruby, sapphire, ceramic

Low Pressure flow paths
[Waste; Wash Pump;
Leak Tray]

316 Stainless steel
PEEK

Teflon, PTFE, FEP, CTFE
CPE; LDPE

Tygon PVC

Vapor Exhaust
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Performance

Hydraulic system

Single piston with proprietary orotontrol

Total Hydraulic Volume

<5mL @ pressure <70 bar
<25 mL @ pressure up to 400 bar

Chiller system

Thermoelectric cooling with secorydair/liquid
cooling circuit

Back Pressure
Regulation (BPR) System

Low volume diaphragm tyjitl wroprietary drive
control; replaceable BPR head assy; No required
recalibration after head replacement

Chiller temperature

- 20 to 9 C variable with flawd pressure demand

Booster Pump Speed range

0 - 6000 steps/sec astegyeate

Booster Pump Pressure range

100 - 400 bar upniéntin demand

Pressure pulsation

< 2 % amplitude at pump spe8a0 st/sec and
outlet pressure >100 bar

BPR Thermal range

40 -70 °C (104 - 158 F)

BPR Thermal precision

+1°C

BPR Pressure range

100 - 400 bar

BPR Pressure accuracy

Better than 2% after caliloréw host Pump

BPR Pressure precision

Better than 0.5 bar [b@r2ypical] measured
downstream of separation column

Control and data evaluation

Agilent ChemStationLiGrwith SFC Fusion A5
driver; Aurora A5 Diagnostic Program

Analog in pressure monitoring

1V FS; one inputig@a set by calibration to host
pump

Communications
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Chapter 3
Installing the SFC Fusion A5

Hardware Installation

General Procedures

Proper use of wrenches

Some of the plumbing connections require a nuettdhtened onto a fitting. There are
often two sets of “flats” next to each other. Atfging to tighten the nut without securing
the other part of the fitting with a second wreeln result in loosening yet another
connection upstream or downstream. It is “besttpratto always hold the fitting with
one wrench while tightening or loosening anothemeation.

Qo
<D

Figure 3.1
Proper tightening of Fittings

Compression (Swaged Fittings)

Most of the fittings in the Fusion and Agilent méekiare either Swagelok or Valco. Use
the appropriate fitting as recommended by the eqad manufacturer. The
recommended tightening procedure to install netm{s is to tighten the nut finger tight
then turn an additional %o 1/2 turn to seal. In general, previously gadfittings need
only an additional 1/8turn once finger tight.

In SFC, the fluid has 1/ithe viscosity of water, so this may not be tighbegh. All
connections should be checked for leaks and tigiskéurther if necessary. Soapy water
or “Snoop” make it easy to find leaks if carbondite is in the fluid. Tiny bubbles
appear in the liquid around the fitting.
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Each fitting should be individually and carefulhstalled. The depth of the tube inside
the fitting is very important. If the tube pildefigth beyond ferrule end) is too long, the
fitting can leak or with excessive tightening permatly bind. If the pilot is too short, a
poorly swept volume and be created. This poorlgmwolume will create noticeable
chromatographic tailing. If the pilot is way toeost, the fitting could fail under use.
Pilot depths are not always interchangeable betviggrys. It is a best practice to
swage a tube in the fitting that it will be used ihis best to provide some light force to
hold the tube in the fitting and preventing theetdtom exiting while tightening the
fitting.

Excessive force can actually result in breakingsofine components and obviously
should be avoided. It may be more expedient taaepthe whole fitting if one of the
connections fails to seal. You may notice that sofrthe more expensive components
(such as a pressure transducer have a less expdittsng mounted to them to act as a
sacrificial fitting. Connections should be maddhe less expensive component, and
repetitive removal and replacement to one of theeneapensive fittings should be
avoided.

Pilot Depth
Compression fittings used in

Nut
‘ 2l . the A5 use a nut and ferrule

As the nut is tightened, the

Tubing . ferrule compresses on the
tubing creating a leak tight
seal

When improperly set, the pilot
does not fill the fitting leading
do additional, poorly swept >

deformation to prevent

volumes. 5

When correctly installed,
there is minimal additional
volume. All volume is well
swept.

If over-tightened, the ferrule
can compress the tubing
and cause sufficient

Figure 3.2
Compression fittings

Preparing the HPLC

Fusion is not a “magic bullet” that can convertraken or non-compliant HPLC into an
excellent SFC. The HPLC to be converted to an Skét iioe in proper working ordes
an HPLC. The system needs to pass normal HPLC tuspcriteria.

If the instrument is an older unit, please enslirthe covers are available, and fit,
and the plumbing matches the manufacturer’s recamdatens. Detector lamps should
be evaluated using the manufacturer’s procedudetiermine whether they need to be
replaced. If the user decides to have a prevenaiatenance performed prior to the
installation of the Aurora fusion Module, the maump seals for the A side of the binary
pump should be compatible with normal phase opmra®perating the pump with the
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standard reversed phase seals will result in aesheeal life than would otherwise be
expected.

Salts and Water - Flushing the Instrument

Many inorganic salts are not soluble in carbon diexand need to be removed from the
pump before conversion to an SFC. SFC mobile phasmesctually tolerate small
amounts of water. In fact water is sometimes addekde methanol or ethanol to help
solubilize very polar amphoteric compounds.

If the HPLC is checked out as a reversed phase KHRIb€eds to be flushed in a specific
manner to remove salts and water. Remove the colurdmeplace with a union. This
involves pumping pure water without salts for a@sie30 minutes at 5 ml/min. The entire
system, including pump, autosampler, oven and tateeed to be flushed. After
flushing salts, the pure water should be replacigld pure methanol (or ethanol, or
isopropanol) for at least 30 minutes at 5Sml/minteAthis flush the instrument is ready
for conversion to an SFC.

Preferred Stack Arrangement

In order to minimize delays and broadening caugeeixibessive tube lengths, we
recommend the following stack layout. The SFC 68! A5 needs to be immediately
adjacent to the LC stack, but can be placed orreside. In the preferred arrangement,
the degasser and solvent tray are located on theftihe stack. These feed into the
binary pump, and the A5 injection wash pump. Undath the degasser is the Binary
pump. The binary pump is located directly abowedhtosampler. The autosampler is
above the ovewhich is above the detector.
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Autosampler

=
|’ ] Degasser
i - Binary Pump
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L

> Column Oven

- I.I -I, T
_ DAD w/ HP flow
cell

Figure 3.3
Preferred order of Agient HPLC Components

It is recommended to plumb the system with smalirditer tubing. For general use
0.17mm or 0.007” tubing should be used. In momaleding applications where
pressure drops are not excessive, 0.12mm or 0100%ig can be selectively used. Use
ferrules and tubing connections as recommendetédgdquipment manufacturer.

All four degasser channels will be available fowveat usage. It is highly recommended
that one channel be reserved for neat methanaddiives). Reserving this channel

will minimize the time needed for flushing the dsger as solvents are changed. Failure
to adequately flush the degasser when switchingests will greatly impact sensitivity.

Modifications to the Agilent Binary Pump

Preparation

Binary Pump is installed in the LC system. Purgthl#oand B pumps with methanol to
remove water and buffers from entire system.

Converting the Agilent Binary pump for SFC usagguiees two modifications. The first
modification is to replace the normal active intatve and outlet ball valve in the
Channel A, left side pump with filtered high pressoapable check valves and check
valve holders. The second modification is to agii@e valve and check valve inline
with the Channel B, right side pump. This addiéibpurge valve should be used
preferentially for purging or priming the modifiéB) pump. If the original valve were to
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be used, it would expel both modifier and CO2 fletweams. The new valve, isolated by
the inline check valve, will only expel B side fiisi.

After these modifications are complete, the Chadnplimp will be used for delivering
CO2 while the Channel B pump will be used for miaditielivery. If the binary pump is
equipped with a solvent selection valve, neithethefA channels will be used.

It is highly recommended that the user familiatizemselves with standard maintenance
functions and terminology used in the binary punifis information is available in the
Agilent Binary pump reference manual and user guide

WARNING When opening capillary or tube fittings, solventaynteak out.
Please observe appropriate safety proceduresxéon@e,
goggles, safety gloves and protective clothingjescribed in the
material handling and safety data sheet supplietthédgolvent
vendor, especially when toxic or hazardous solvargsused.

Parts Required

Flat metric wrench used to remove the active iclhefck valve, replacement passive inlet
and outlet check valveslectronic jumper, and modifier purge valve assgmblvo ¥4"-
5/16" wrenches for capillary connections.

All of the parts required to adapt an Agilent Bjnaump for use with the SFC
Fusion™AGS are supplied with the A5 in the BinaryrguCompatibility Kit.

Table 3.1

Agilent Binary Pump Compatibility Kit
A5-69-4130 1 Agilent Binary Pump Compatibility Kit
A5-21-2010 1 Check Valve Holder Adapter (Agilent - Inlet)
00-73-2140 1 Check Valve Holder (Outlet - Agilent)
00-73-2010 2 Check Valve Cartridge; 0.125 ball
A5-60-2740 1 Lemo Adapter Cable Assembly
00-84-2020 1 BNC Cable
A5-69-4510 1 Modifier Purge Valve Assembly
A5-53-7990 1 Agilent Pump Compatibility Option Installation Guide
00-73-1020 2 Agilent Pump Seals

Additionally, you will need a 14mm (thin) wrenchpgliedby Agilentwith the binary
pump, and %", 1/2”, 9/16”, and 5/8” wrenches.
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Figure 3.4
Diagram of the Agilent Binary Pump

WARNING When opening capillary or tube fittings, solventaynteak out.
Please observe appropriate safety proceduresx@mn@e,
goggles, safety gloves and protective clothingjescribed in the
material handling and safety data sheet supplietthiégolvent
vendor, especially when toxic or hazardous solvargsised.

1. With the power off, and pump disconnected fronpiisver source remove
the front cover of the Agilent binary pump, by mieg the snap fasteners
on both sides.

2. If equipped with a solvent selection valve, discertrthe ¥:-28 fittings
from the A side of the selection valve to the &dfte active inlet valve.
Plugor removeall A side conneabn to prevent siphoning.

3. Disconnect any tubing supplying liquid to the leéind (A) active inlet
check valve, making sure to prevent siphoning.

4. Unplug (electrically) the left hand (A) active ihleheck valve from the
front panel of the pump.

5. Using the Agilent supplied 14mm flat wrench, caligfloosen and
remove the active check valve being careful nataimage the gold seal
on the mating surface. Store the active inlet chetke in a safe place for
future use.

6. Replace the active inlet check valve with the pessilet check valve
holder and cartridges supplied with Fusion. Inghed the arrow on the
check valve is pointing upward. Additionally, tbieeck valve will have a
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filter frit on the bottom and an open hole on thp.t The threads on the
new inlet check valve holder have a fine pitch.refaly thread this

fitting in by hand. This fitting should be ableedasily turn with finger
force only many turns A wrench should only be used for final tightemin
Tighten snugly without using excessive force.

7. The SFC Fusion™ A5 Booster will connect to thisahealve inlet. This
is the CO2 (mobile phase) entry to the HPLC system.

8. Plug in the gray plastic LEMO adapter into the &leal connector
previously used by the Active Inlet Valve.

Figure 3.5
Installation of the Inlet Check Valve

1. Remove the tube from the absorber capillary thaheots to the outlet ball valve.
Do not damage this tube and fitting end, it willreeised in a subsequent step.

2. Remove the Agilent outlet check valve of the Cha®npump. Retain this for
future use.

3. Install the new Aurora supplied Outlet check valmeg check valve holder in its
place. Insure that the arrow on the check valymisting upward. Additionally,
the check valve will have a filter frit on the bmtt and an open hole on the top.
Tighten snugly without using excessive force.
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4. Reconnect the absorber capillary to the outletkchabse holder.

Figure 3.6
Installation of the Outlet Check Valve

5. Install the purge valve on the B pump. The knuratinterfaces with a threaded
hole on the top right face of the Channel B pumgadhe

User Guide for the SFC FUSION A5 page 46



Figure 3.7
Installation of the Modifier Purge Valve

6. Remove the line (tee) from the Channel B outlet Bod re-install it in the outlet
of the in-line check valve holder This is labelesdfain the diagram above.

7. Connect the inlet of the purge valve to the oudfehe pump (Channel B outlet
Port) with the stainless steel tubing provided as of the purge valve assembly.
This is labeled as B in the above diagram.

8. Connect the Teflon outlet tube of the new purgeealssembly into the top cover
of the SFC Fusion ™ gas liquid separator (and wastite). This is labeled as C
in the above diagram.

9. Connect the output of the SFC Fusion Booster tartle¢ check valve holder of
Channel A.

10.The BNC coaxial cable can be used to connect tredoyrOutput on the back
panel of the Binary pump to the SFC Fusion A5 Rafee In terminal/connector
on the back of the Fusion module. Be aware tlsaihdar appearing output exists
on the DAD and VWD detectors that should NOT béagtd.
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Connecting the Analog Reference Signal
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Modifications to the Agilent Autosampler

Preparation

When the autosampler has previously been instailed LC system, purge the system
for at least 30 minutes with both water and thethian®ol to remove water and buffers
from entire system.

Converting the Agilent Autosampler for SFC usaggunes two modifications. The first
modification is to replace the normal two groovtoron the injection valve with a three
groove rotor to allow the sampler to operate aesed loop injectorThe stator of the
valve is re-plumbed, with the addition of an extrsample loop, plus movement of the
remaining fittings. The second modification is tllaan accessory interface board to the
ALS allowing it to communicate with the SFC Fusior&8 during and injection.

It is highly recommended that the user familiatizemselves with standard maintenance
functions and terminology used in the binary autgglar. This information is available
in the Agilent autosampler reference manual and gisiele.

The plumbing of the autosampler as a fixed looposampler is very different from the
open or broken loop design documented by AgileRtease be aware of these
differences and follow this documentation compietel

WARNING When opening capillary or tube fittings, solventsym
leak out. Please observe appropriate safety proesdu
(for example, goggles, safety gloves and protective
clothing) as described in the material handling safety
data sheet supplied by the solvent vendor, especial
when toxic or hazardous solvents are used.

Parts Required
A 9/64” hex wrench. Two ¥4"-5/48 wrenches for capillary connections.

All of the parts required to adapt an Agilent aatopler for use with the SFC
Fusion™AGS are supplied with the A5 in the Std/WPSACompatibility Kit.

Table 3.2
A001 1 Agilent Std/WP ALS Compatibility Kit
00-81-5010 | 1 BCD Board
00-84-2040 | 1 Relay Cable, HD15M/F (VGA type), 6'
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00-73-6020 | 1 Sample Loop, 5 uL with Fittings

00-73-3010 | 1 3 Groove Rotor Seal

A5-69-4120 | 1 Wash Pump Transfer Line

00-73-2060 | 1 Check Valve - Outlet, 15psi, 10-32
00-41-0320 | 1 Union - PEEK, (.020), 1/16" x 1/16"
A5-69-4050 | 1 Wash pump Inlet Line Assembly
00-41-2510 | 1 Bottle Filter

00-74-5010 | 1 Syringe - 10cc, Disposable

00-41-3530 | 1 Adapter - Female slip Luer to Female 1/4-28
00-41-3540 | 1 Adapter - Female slip luer to female 10-32

The first task in the conversion is to disassertidenjector valve (shown below) to
access and replace the Rotor Seal. Aurora sugpbescific rotor that is different than
others that may be supplied in the Agilent cataloge of rotor seals other than the
Aurora supplied one may result in carryover betwssmnples.

Valve Body

Isolation Seal (Spring to Back)

Aurora 3 Groove Rotor Seal

Stator face (Not present on all models)

Stator Head

9/64" hex screws l'\ @% I
/9 | |
o o O
Q W =
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Figure 3.9
Exploded View of the Autosampler Injection Valve

WARNING When opening capillary or tube fittings, solvenigym
leak out. Please observe appropriate safety proesdu
(for example, goggles, safety gloves and protective
clothing) as described in the material handling saifety
data sheet supplied by the solvent vendor, especial
when toxic or hazardous solvents are used.

The task of replacing a rotor seal is well docuradnh Agilent manuals, and service
videos. Please refer to these guides for furtesistance.

Remove all capillaries from the injection valve.

Loosen each of the three 9/64th inch hex boltgerAate two turns on each one to
remove the stator in a parallel fashion. Do nehpletely remove one bolt without
loosening the other bolts in turn.

Remove the stator head, stator face, and statr rin

Remove the old rotor seal and isolation seal.

Install the new Aurora supplied rotor seal andisioéation seal. The spring in the
isolation seal should face backwards, towards #uk bf the instrument.

Install the stator run with the shorter of the fvos facing front at the 12 O’Clock
position. Ensure that the stator ring fits flattba valve body.

If the autosampler has a separate stator faceg filao the stator head.

Install the stator head and face against the injectalve. Alternately tighten each of the
three bolts two turns at a time until the statades securely fastened.

Swage one end of the sample loop into port 5 ofrtjgetor. Then remove.
Swage the other end of the sample loop into pofttBe injector. Then remove.

With the fittings swaged onto the loop, the loopyrha bent to allow both ends to fit
simultaneously into the stator head.

Plumb the needle seat capillary into position 3.
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Plumb the waste line to position 4. Direct the twdme through the over flow drain
tube.

Plumb port 1 with the line going to the column (oye
Plumb port 6 with the high pressure line comingrfrie binary pump.

Install the 10-32 male check valve end into thdedtipper) port of the injection wash
pump on the Fusion A5.

Connect one end of the wash pump transfer linked 0-32 female port on the check
valve just installed in the injection wash pump.

Before connecting the union end of the wash puwapster line, use a syringe and luer
adapter to prime (pull sample through) the injecticash pump.

The existing line (likely blue) from the inlet die Agilent Autosampler’'s metering
device can be plumbed into the union on the washgpuwansfer line.

The autosampler should be plumbed following tregydim below.

3 Metering
= : device

Needle

I
e —
e, e
AN N I
) Needleg als - \“,"‘ I
o] \ M 4)( @\5 /F\::::://
/) = //
N

Contained ‘H To
Waste "' Column

Figure 3.10
Autosampler Fluidic connections
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Installing the sample loop

Proper swaging of fittings is important. The saeplop is not bent to directly fit into
the valve stator head. It will have to be berghape to accomplish this. Prior to
bending the loop, individually swage each end efltop to insure proper pilot depth.
Incorrectly installing the loop can lead to carrgoand broadening difficulties.

The 5uL sample loop, Aurora PN. 00-73-6010, is gdachbetween ports 2 and 5.

Positioning the waste line

In normal operation, the sample loop is switchednfibeing in the high pressure flow
stream (mainpass) to being out of the flow streath@nnecting to the seat capillary and
waste (bypass). As the valve switches, the flnithe loop will expand and rush out of
the loop through the waste line. If the waste Ispositioned to empty into a liquid
reservoir such as a WPA flush port, the exitingdfiutom the sample loop could splash
the flush port fluid across the als. The prefepeditioning of the waste line is through
the leak vent. In this position, the expandingdflbarmlessly exits into the leak tubing.

Alternatively, a waste line can be fabricated #vapties into the Fusion A5’s gas liquid
separator (waste bottle).

Under no circumstances should this line be allotedoe unconstrained. During
operation of the injection wash pump, this is tinalfexit of the wash fluid.

Installing the Agilent BCD Board

A means is required to tell the wash
pump when to wash. This is
accomplished using a standard board
(Aurora PN 00-81-5010) and cable
(Aurora PN 00-84-2040) available from
Aurora. However, Aurora has included
this board and cables in the ALS ship
kit.

Agilent HPLC modules have a small Figure 3.11
compartment located on the back panel BCD Interface Card
near the top, with a cover held in place by

two captured knurled nuts. Loosen the nuts

and remove the cover taking, care to retain

it for future use.
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Locate the BCD board in the ship kit. As with all electronic boards be careful not
to damage it with static electricity, solvent, etc.

Caution  Follow all recommended ESD precautions when hagdl
electronic PC Boards and components.

Carefully slide the board into the slot. When ittbms out gently push the bezel until
the connectors engage. Tighten the captured knatded

With the BCD card in place, connect the 15 pinye&lantacts connector to the relay
input connector on the back of the Fusion A5.

Connect the 9 pin Remote connector on the baclofafte autosampler to the 9 pin
Remote connector on the back of the A5.

elay contacts

[ Y e Yo Yo ¥ e ¥ )

Figure 3.12
Autosampler Signal Cable Connections

Installing an Injection Program in the Method

Table 3.3
Agilent 1200 High Performance Autosampler
Injector Program
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Injection

Injection Volume 13.0 pl

Injection Mode Injector Program
Time

Stoptime No Limit
Posttime Off

High Throughput

Autom. Delay Vol. Reduction Off

Overlapped Injection disabled
Minimized Carry Over Off

Needle Wash

Wash Mode Wash in Flushport
Wash Time 10s

Wash Location Vial 10

Repeat 1 times

Injector Cleaning
Injection Valve Cleaning

/ Valve Switching

Time 1 Bypass off
Time 2 Mainpass/Bypass off
Time 3 Mainpass/Bypass off
Time 4 Mainpass/Bypass off
Valve Movements 1
Auxiliary
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Draw Speed 100 pl/min
Eject Speed 100 pl/min
Draw Position 0.0 mm
Equilibration Time 2.0 sec

Sample Flush-Out Factor

5.0 times Injection Volume

Vial/Well Bottom Sensing No
Store Temperature No
Injector program table
Row Action
1 NEEDLE down
2 CONTACT B CLOSED
3 WAIT 0.10 min
4 CONTACT B OPEN
5 VALVE bypass
6 DRAW 1.5 ul from air, def. speed
r DRAW def. amount from sample,
def. speed, def. offset
8 DRAW 3.0 ul from air, def. speed
9 NEEDLE wash as method
10 EJECT max. amount into seat,
def. speed
11 VALVE mainpass + start pulse
12 CONTACT B CLOSED
13 WAIT 0.10 min
14 CONTACT B OPEN

Agilent Contacts Option

Contact 1

Open

Contact 2

Open
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Contact 3 Open

Contact 4 Open

Modifying Agilent autosamplers from broken loop to
fixed loop autosamplers has several minor consemsen
that need to be understood for adequate perforrsance

Potential for Carry-Over

Agilent sells a 3-groove rotor superficially resdmdp but NOT equivalent to the Aurora
SFC Systems 3-groove rotor. The Agilent rotor haes af the grooves slightly extended
in length to facilitate a partial “make-before-dteaonnection. The Agilent rotor is
designed to be used in a different context tharAtimera approach. Using the Agilent
rotor instead of the Aurora rotor WILL result inroaover, unless a substantial volume
of injector valve wash solvent is used betweerciigas. The extra length of the groove
effectively acts as a poorly swept mixing chamberce the mobile phase does not
directly flow through the whole volume.

Using the Aurora standard 3-groove rotor eliminaéités source of carry-over, since it
does not have this extra groove length. Using the#a 3-groove rotor substantially
decreases the volume of solvent required to avarid/ever.

Dead Volume-Partial Loop Injections

Plumbed as a loop injector the Agilent autosanspghawve a dead volume between
the hidh pressure needle seat and the groove on the rotbe ahjection valve. There are
2 different diameter tubes to make this connecfidws, the actual dead volume can
have several different values, depending on wHixtubing is used. This dead volume
can be several micro liters or more. When attengptinrmake smaller injections, NO
sample may actually enter the loop unless proviganade to use two air bubbles, one
on each side of the sample, insert a plug of meddr other solvent behind the sample,
etc.
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Figure 3.13
Full Loop Injection

needle waste needle waste needle waste

Partial Loop

Figure 3.14
Partial Loop Injection
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Some General Injection Rules

Many people use 20uL loops in HPLC. In SFC, theans often dissolved in a solvent
that is stronger than the mobile phase. Injectangd volumes, such as 20puL, of such a
solvent will cause peak distortion.

As a rule of thumb, no more than approximately ®fib polar solvent such as methanol
should be injected onto a 4.6mm ID column, as shiovthe figure below.

This should NOT have a major impact on area repnibdity but should destroy
efficiency as indicated in the second figure below.

Use Small Loops

The loop should not be much larger than the maxirdasired injection (or =/<5pL).
Remember the loop is washed with a strong sohaet,is usually filled with that
solvent. The sample displaces all or some of thigesit.

If the loop is too large, too much strong solveninjected, regardless of whether the loop
is filled with sample or wash solvent. Peaks wdldistorted. Efficiency will degrade.

700 «

600 4 /14

x
500 4 == NQX /
400 4 »4

300 4

Peak Height, mAU
X

J
200 ¥4
/

100 4 A

T T T T T T |
0 5 10 15 20 25 30 35

Injection Volume, pL

Figure 3.15
Plot showing loss of efficiency with large injectio n volume

If a large loop is used, air bubbles can be uselisjglace the wash solvent.
Less Polar Sample Solvents Help
Replacing the sample solvent with a much less Eullent can allow injection of much

larger volumes. However, the new solvent must geifscantly less polar than the
modifier used. Replacing methanol with ethanolv@reisopropanol has minimal effect.

User Guide for the SFC FUSION A5 page 58



Solvents like chloroform or methylene chloride teéaadtause significant focusing (NO
broadening), but since they are chlorinated shptithably be avoided.

Installing SFC Fusion A5

WARNING Do not connect AC power or interconnection cablegas
tubing to the Fusion instrument until these inatadh procedures direct yo
to do so.

o

Preparation

Before beginning the installation of the SFC FusibA5, familiarize yourself with all
instructions. This includes converting the variousdules in the HPLC stack. All of the
modules in the HPLC stack need to be cleaned astiéd prior to performing the SFC
Fusion™ upgrade. It is easiest to perform thistlag and preparation before beginning
required modifications.

If you have not previously done so, completely read understand all of the operations
regarding site prep, module conversion, and iregiah before continuing.

Locate all modules, devices and supporting equipinefore continuing. Ensure that the
supply tubing can reach a physically secured soofr€@02. Ensure that adequate
venting is available and with reach of supplied twaystems.

This document describes a particular order of plaghthe system. In this document, we
will describe plumbing and electrical connectioast! These operations are performed
on the back of the systems. Depending upon yalivioiual installation, you may wish

to perform operations on the rear of the instruméngt. This is perfectly acceptable,
provided you can maintain access to supply conmegtio ensure integrity and leak
tightness of fittings and connections.

Unpacking the Fusion A5

Damaged Packaging

When you receive your Fusion A5 inspect the shigioxes for any signs of damage. If
the shipping container or cushioning material isidged, notify the carrier and save the
shipping material for inspection. Save all materiattil the contents have been checked
for completeness and the instrument has been miealigrand electrically checked.

CAUTION If there are signs of damage to the Fusion A5 Medplease dc
not attempt to install or use the instrument.
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Delivery Checklist

Compare the delivery checklist with the contentthefshipping boxes to ensure
completeness of the shipment.

For parts identification check the illustrated pdsteakdown in Chapter 5. Please report
missing or damaged parts to your local Aurora regméative.

Additionally, you may also receive other items aondpatibility kits depending on
options ordered. These options may include

High Pressure Flow Cell
Mass Spectrometer Splitter
Autosampler Compatibility Kit

Gas Delivery System Interface Kit

The contents of these kits are detailed in othetiges of this guide.
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Table 3.4

Fusion A5 Contents Lists

Item Quantity
Fusion A5 Module 1
A5-69-4080 | 1 | A5 Tubing Kit
00-42-5030 1 | Tubing - Tygon, 3/8", (1/4")
A5-60-9050 1 | CO2 Supply Line Assembly
A5-69-4090 1 [ A5 Waste Line
A5-69-4010 1 | A5 Pump transfer line Assembly
A5-69-4070 1 | A5 Return transfer Line
A5-69-4060 1 | A5 Leak Tray Waste Line
A5-60-9010 1 | Fusion A5 Ship Kit
00-77-2010 1 | A5 Waste Bottle
00-84-2050 1 | USA Power Cord
00-84-2030 1 | Remote Cable, DB9 M/M
A5-53-4000 1 | Software Driver Disk
00-84-2090 1 | USB Cable - 6'
00-26-1070 1 | Wrench Set
00-26-1060 1 | Wrench - Adjustable, 6"
00-26-1040 1 | Wrench - Hex, 3/16"
00-26-1050 1 | Wrench - Combination, 1/4"
A5-60-9180 1 | A5 Spares Kit
00-73-1010 2 | A5 Pump Seals; UHMWPE
00-73-2010 1 | Check Valve Cartridge; 0.125 ball
00-42-2520 2 [ Nut-SS, 1/16"
00-42-2020 2 | Ferrule - SS, 1/16"
00-83-5040 2 | Fuse, 8.0A, 250V, slow blow
A5-53-3000 1 | A5 Operation Manual
A5-53-1000 1 | A5 Site Prep and Installation Guide

Connecting the Waste system to the Fusion BPR Outle t

The SFC Fusion™ A5 has a waste bottle located aeitsi the A5 cabinet. It can be
located anywhere easily accessible and visibleimvttie range of the supplied tubing.
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The waste bottle served multiple purposes and asllequid waste from multiple

sources. The primary purpose is to separate tbeoga and liquid waste from the outlet
of the bpr (system) in a manner that the gaseossevean be appropriately vented
outside of the lab environment. The waste botie input and output ports located above
any collected liquids. The mixed stream entersitaste bottle and the gaseous stream
exits out the spout.

WARNI NG Proper system operation requires adequate spdbe vaste

bottle to allow gaseous exit. It is the resporisyoof the operator
to ensure that the waste bottle is empty beforenbéty operation
of the A5 and to monitor and empty the waste batsi@eeded
during usage.

A
e
@ @
@ % A5-69-4090
ine (1H&"i
% @ ‘ A5 Waste Line (1/16" inch teflon)

00-42-5030
Tubing - Tygon, 38", (1/4" ID)

Vented Waste Line

00-77-2010
A5 Waste Botle

\\_\_—_/_/

Figure 3.16
Installing the Waste Container

WARNING The vapor exiting the Fusion module may contawesal %
organic solvent. The effluent should NEVER be vdrdgectly into an
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enclosed space occupied by humans due to the @btiemtiong term
exposure to toxic substances.

Locate and assemble the Waste bottle and Tygontweimy. The vent tubing can be
placed over the spout on the top of the wastedooRoute the Tygon tubing to an
appropriate vent. The system must be activelyadnt

Locate the A5 Waste line. Insert the free endubhoa hole in the top of the waste bottle
cap. Insert the tube %2” into the waste bottleni@aet the fitting end to the outlet union
on the BPR. This union utilizes a 10-32 CPI figtinTighten snugly.

Installing the Flowcell

The back pressure regulator exists after any deteot the HPLC system Thus, the
detector flow cel (or splitter in the case on an ELSD or Mass Speatter), operate at
an elevated pressure relative to HPLC.

Verify that the cell installed in the detector a&pable of the
high pressures used in SFC. Exposing a standardHlBiv cell to high
pressures will result in damage to the cell.

Aurora offers a Diode Array Detector flow cell thets been extensively optimized for
use in SFC. This cell is pressure rated and taet880bar. It contains extensive thermal
conditioning not found in standard HPLC flow cellsurora’s cell is highly
recommended for SFC usage.

The flow cell should already be installed in the Dfor VWD). Carefully examine the
inlet and outlet ports of the cells to ensure flwat is in the correct direction. In the
DAD, the outlet port is customarily located beldve inlet port on the connection block.

The inlet port of the DAD flow cell enters the sbaiary portion of the handle. This
stationary bar acts as an initial thermal conditigreone. Customarily, this port has a
male fitting. The outlet port connects direcththe cylindrical portion of the flow cell.
Customarily, this connection has a female fitting.
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Figure 3.17
DAD High Pressure Flow Cell

Connecting the BPR to the HPLC Stack

Connect the A5 return transfer tube to the outletlof the detector. This tube can

then be routed out the concave opening in the trottbthe detector behind the detector
cover. The return transfer tube should then beerbto the space between the HPLC
stack and the A5. Move the tube upward betweemiiits and through the upper tee-slot
on the side cover of the A5. The return trangibetcan then be fastened in the right port
of the tee in the lower center of the bpr drawer.

~

[e]
(@)

A5-68-4070
A5 Return transfer Line

== oo

1/16" Stainless Steel
0.020"ID

Figure 3.18
Connecting the A5 return Line
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Optimized Oven Plumbing

SFC is susceptible to increased noise due to peomial matching of components within
the HPLC stack. (The refractive index of carborxdle is 50 times more susceptible to
temperature changes than water. Consequently, #heontrol in SFC is extremely
importand.) The Agilent oven contains two thern@iditioning zones that can greatly
increase system performance by matching tempesatditbie mobile phase to the
modules being used.

The oven contains two separately controllable tla¢itocks (zones). Each of these
blocks contain internal transfer lines that carubed to thermally condition the fluid
flowing through them. The two zones exist on &fedr right side blocks within the
oven.

The block on the right side has a 6uL internal éoing volume that will be used for
preconditioning the mobile phase before enterimgctiumn. When using 150mm or
shorter columns, place them in the right side efdlaen. This zone will be used for
preconditioning the fluid to column temperature @anovide the themal control of the
column.

The left side block will be plumbed with the effidrom the column. The purpose of
the left side block is to independently match #raperature of the mobile phase to the
optimum temperature for the detector.

Right Heat Exchanger is used to
adjust temperature pre-column.
This temperature adjustment has

Left Heat Exchanger adjusted to
optimise detector noise post column.
effects on selectivity

Figure 3.19
Plumbing the Column Oven
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Connecting The Autosampler
If not already performed, Agilent Autosamplers neztle converted for use with SFC.

Please reference the installation and upgradeoseatithe Autosampler compatibility kit
for specific instructions.

Needle ‘
Seat

Contained * To
Waste Column
Figure 3.20

Plumbing the Autosampler

If the autosampler has been upgraded, the plundmngections can be made to the
injection valve.

In the fixed loop operation of the autosamplercatinections are made on the injection
valve as shown. Port 1 is connected to the irfldteright side (column pre-heater)
thermal conditioning block of the oven.

Port 6 is connected to the combined output flowhefbinary pump. This combined
output is a port on the collar of the original pefirime valve on the pump.

Connecting Booster To HPLC

The Binary pump should have already been modifieg@place the Active Inlet valve
with Aurora supplied check valves and holdersthdf Binary Pump has not been
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converted for SFC use, install the Binary Pump Catibpity kit before continuing. The
active inlet valve shipped by Agilent is incapabfeperating at normal CO2 delivery
pressures.

Verify that the binary pump active inlet check valvas been
replaced with the passive inlet check valve. Cotingthe booster pump of
the Fusion module to the active inlet check valverasult in damage to th
active inlet check valve.

D

Locate the stainless steel booster transfer ID@anect one end to the top port of the
output tee on the center right side of the boadtawer. Tighten finger tight and then an
additional 1/ turn as needed.

A569-4010
A5 Pump transfer line Assembly

& it e

1/16" Stainless Steel
0.040" 1D

Figure 3.21
Connecting the Booster outlet line

This tube can be routed through the tee slots esitte of the A5. The tube will travel
upward between the A5 and HPLC stack to the bo#ial® of the binary pump. The tube
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will then be routed horizontally to the bottom canaf the binary pump where it can
enter in the concave opening behind the cover. tile should then be routed to the left
side of the pump beneath the Channel A (left sitdgt check valve. The end of the
booster transfer tube can then be installed inrtle¢ check valve holder.

Any spare tubing can be located between the ASHHIAC stack.

The Injector Wash Pump

The wash pump is only required with autosamplersnadly operated as “broken loop”
autosamplers, converted to fixed loop autosamplérs.injector wash pump needs to be
plumbed to a source of wash solvent. This waskesblis used to prime the injector
system to assure proper operation while aspiraamgple. It is also responsible to wash
the injection system (needle interior, needle segction valve, and sample loop) in
between injections.

The injector wash pump is connected to a (suppbettje filter through the wash pump
inlet line. The wash pump inlet file is connectedhe lower port on the injector wash
pump located on the left side of the bpr drawemne dther end should be connected to the
bottle filter. The filter can then be placed inser supplied wash solvent bottle.

The wash solvent bottle can be left on the bengblamed in the HPLC solvent tray. The
wash pump is connected to the metering devicenggrpump) through a check valve
intended to prevent siphoning. The operation ofctineck valve should be verified to
ensure it is not leaking as this can cause a lbsgaation precision.

o)

A5-69-4050
Wash pump Inlet Line Assembly

D —
1/8" Teflon Tubing

00-41-2510
Bottle Filter
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Figure 3.22
Connecting the Wash Pump Inlet

The outlet of the injector wash pump is connectethé metering device in the Agilent
autosampler. To plumb the outlet side of the igewash pump, locate the spring
loaded check valve (00-73-2060) and install ithe tipper port of the injector wash
pump. Flow through the wash pump is in the upveairelction. On the spring loaded
check valve, the male end represents the inletftamfemale port represents the output.
The injection wash system will not function if tbleeck valve is improperly installed. An
arrow embossed on the check valve body indicatieglirection of flow. Verify that the
check valve is tightly installed.

Connect the PEEK wash pump transfer line to thmmgpoaded check valve. A union is
provided on the other side of the of the wash ptnaupsfer line. Follow instructions
below for priming the injector wash pump before mecting the union and the
autosampler metering device.

>

-~ Metering

A5-69-4120
L Wash Pump Transfer Line

00-73-2060
Check Valve (10-32) 00-41-0320
A5-89-4120 Union (10-32)

\ |I | Wash Pump Transfer Line
g -

PEEK Tubing

Figure 3.23
Connecting the Wash line and Check Valve
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Priming the Injector Wash Pump

The wash pump is not self priming; it needs toilbedf with wash solvent. See the
plumbing scheme, above. There is an “extra’me-kcheck valve downstream of the
wash pump. This check valve contains a ball pushiedhe seat with a spring. The
purpose of the spring is to prevent siphoning efwlash solvent from the container,
through the injection valve to waste. With the dhealve in place, it is easy to prime the
injector wash pump without siphoning.

Once the PEEK wash pump transfer line and spriaddd check valve are connected to
the injector wash pump, one can fill the pump tigtothe injector wash pump transfer
line. A syringe, and several Luer adapters areugted in the ship kit (see drawing). The
syringe, Aurora PN: 00-74-5010, can be connectebdaaheck wash pump transfer line
(once the union is removed) using the Luer adapiergora PN: 00-41-3530. Retracting
the syringe will pull solvent through the systerneck valves, and tubing. This will
effectively prime the injector wash pump. After qalietion, remove the Luer adapter,
reinstall the union, and connect to the autosampkgering device.

Wash Pump Transfer Line E

PEEK Syringe

/ o m'ﬁg

Luer fitting 10-32 F
Union D 00-41-3530
(Temporarily Removed)

Figure 3.24

Connecting Fusion A5 to a Source of Carbon Dioxide

Fusion A5 has a 1/8inch tube inlet connection on the lower left haidk on the back of
the Fusion module. This connection is actually p&g very high surface area filter
intended to intercept catastrophic levels of patétes. The user needs to connect this
input to a source of carbon dioxide. The most comsmurces of carbon dioxide are
liquefied carbon dioxide in a room temperatureraydir. At “room temperature” the
pressure in the cylinder could change from a latbeve 50 Bar to just below 70 Bar.
Unlike most SFCs, Fusion is immune to the variaionflow resulting from cylinder
pressure.
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WARNING Expanding carbon dioxide can become extremely cajzhble
of creating severe frostbite in short times. Avoashtact with expanding
gases. Do not vent substantial quantities intdaheratory.

WARNING Carbon dioxide is poisonous at high concentrateonés should
only be used in well ventilated areas. The systiiwemt should be vented
into a fume hood or to the outside. Evacuate #rgd spill occurs. A carbon
dioxide sensor/alarm is recommended.

Individual cylinders

WARNING Carbon dioxide in cylinders is partially liquefiadhder high
pressure and contains a great deal of energyontathment is breeched (a
break in the line or cylinder) the entire contenik vaporize and quickly
expand up to 500 times in volume and create vaxefal, high velocity gas
streams. Cylinders must be properly constrained paoper tubing used, tqg
avoid damage that could generate projectiles.

Any industrial grade of carbon dioxide is accepggimovided it is supplied in a cylinder
without a DIP tubeDrawing off the vapor phase leaves non-volatietaminants behind
in the cylinder. Using cylinders with a DIP tubégacts the chromatograph to
contaminants soluble in the dense, liquid layer.

Larger tanks are more convenient in that they regess frequent change-out. Cylinders
can contain 30 pounds, or 50 pounds, or even 7@gsoof CQ. Roughly speaking, most
4.6mm columns are run at 3-5 mL/min, which is clts@.5-4g/min of carbon dioxide.
This is equivalent to 150-250g/hr; 1.2- 6Kg/dayu$ha 30 pound cylinder should last
2.2 to 11days; a 50 pound cylinder would last 49alays; and a 70 pound cylinder
could last 5.3 to 27 days - all depending on usgn(®min; 8-24hr/day). For individual
users, particularly new users, the use of cylingeperfectly acceptable. Larger groups
should consider installing a gas delivery systeshabulk storage tank.

Locate the cylinder in as close proximity as pdssib the instrument. In the past, the
cylinders were stored at much higher temperatwae the lab temperature which resulted
in vaporization in the supply line coming into tlab. Most SFC pumps cannot condense
this vapor and therefore, cannot deliver,CRusion has a very powerful condenser
designed to accept vapor phase,(O@evertheless, it is always advisable to not steesy
equipment.

Facilities and Safety personnel often wish to storeé mount the cylinders outside the lab
- sometimes quite far from the intended locatiothefinstrument. They should recognize

User Guide for the SFC FUSION A5 page 71



that the transfer lines can hold large volumesjvedent to a large fraction of a cylinder,
particularly if tubing with large ID is used. Shaff valves on both ends of a transfer line
are not recommendednless one or both has a pressure relief valbeimt disk.

Be sure the cylinder is properly constrained anthoatip over. Suitable chains or
cylinder straps are required.

Cylinders in the USA and Canada use a CGA 320 dglimdapter. One is included in the
Fusion USA ship kit, along with a 1/4inch FNPT #8™inch compression fitting, and 6
feet of 1/8" inch OD stainless steel tubing. The filter fittisticking out the back of the
Fusion module contains 178nch nut and ferrule(s), which could be used wli

Aurora supplied 6 foot tube, or a longer, user fiagptube, to connect a cylinder to the
Fusion module.

There are a multitude of different European “stadgiafor the connection to carbon
dioxide cylinders. Aurora recommends that custorreEaurope to contact their gas
supply companies and ask them how to mate thedssgnthey supply with an American
1/8” OD supply line.

WARNING Carefully check tank and inlet fittings for leak&ny leaks
present in the supply line and inlet fitting wibbthbe sensed or protected by
safety features in the SFC Fusion™ A5,
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WARNING

It is imperative to use two wrenches with installing

the supply fitting in the bulkhead filter (entry

connection) on the back of the SFC Fusion™ A5. o
Turning or twisting the bulkhead supply filter could @)
cause failures or leaks in tubing within the A5. =

All supply fittings need to throughly checked for
leaks. Any leaks in the supply fittings can vent the
CO2 supply.

Figure 3.25

WARNING It is imperative to use two wrenches with installthe supply
fitting in the bulkhead filter (entry connectiom) the back of the SFC
Fusion™ A5, Failure to provide backup torque t® shpply filter could
allow it to spin while tightening the supply lingtihg. Turning or twisting
the bulkhead supply filter could cause failure¢eaks on tubing within the
Ab.

Gas Delivery Systems (GDS)

Anyone performing semi-prep SFC has probably beerioced that operation without a
GDS is problematic. Thus, many laboratories are pmmbed with carbon dioxide

User Guide for the SFC FUSION A5 page 73



boosted to 70 to 80 bar outlet pressure. Even thanganalytical system does not need
such a GDS, it is perfectly adapted to its use.

Aurora Fusion has an inlet safety shut-off valviedao 1500 psi (>100Bar). While this
is rating is well above the outlet pressure of sypycal GDS, past experience suggests it
is wise to allow for some extra margin. Aurora segjg setting the local output of any
GDS between 60- and 70-Bar, through local outlesgure regulators.

Under these conditions, the GDS will almost alwasevide liquid carbon dioxide to the

chromatograph. Unlike some earlier, systems, tlsoRumodule will easily condense
any fluid that is actually present as a vapor, preyent pump cavitations.

Cable connections to the HPLC

WARNING Ensure that the AC power cord is NOT yet connetadtie
Fusion instrument.

Cable connections to the SFC Fusion™ A5 are depengb®n the installed
configuration. The primary decision to be madelether or not an Agilent autosampler
is present. When an Agilent autosampler is presieat-usion A5 remote line and relay
contacts lines are connected to the autosampler.
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Figure 3.26
Reference, Remote and Relay Signal Connections

When the system is using a NON-Agilent autosamguleh as a CTC Pal, the remote line
is connected via a WYE cable to the remote conoeain the binary pump.
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In either case, the Binary pump’s analog outputaighould be connected to the Fusion

Ab’s reference in terminal.
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Figure 3.28

Lastly, the USB cable should be connected to tleoRuA5 USB port. This can be run
to any convenient, compatible USB port on the PC.

CAN cabling between the modules of the HPLC stadadeiscribed in the HPLC module’s
reference manuals. This is unchanged from the alpmecommended means of
interconnecting HPLC devices.

The HPLC stack will still require a LAN connectitmthe PC. This LAN connection
will still require all the normal HPLC/Chemstatipnoperties such as BOOTP, Firewall,
andIP Address settings. This remains unchanged ws#ohR installation.

Connecting and operating multiple instruments simgle PC is not supported. Both the

Fusion USB and HPLC Lan connections must be madbe@pame PC that Chemstation
will be installed on and used for instrument cohtro
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Connecting the Leak Tray Waste Line

The SFC Fusion™ A5 contains a Leak Tray on theobotf the instrument to collect
and sense any liquid spills that may occur in thecAbinet. In the bottom of this leak
tray is an active sensor that continuously monitorgiquid presence.

The drip tray contains an overflow drain to divamnly large amounts of collected liquid to
an external collection means. The overflow tulm®rporates a simple pusb-connect
fitting. Itis connected to the port on the bottoemter on the front of the instrument.
Pushing on the outside ring of the port facilitatsoval of this line.

Since this liquid may be organic solvents, an appate collection container should be
supplied by the user.

A5-69-4060
Af Leak Tray Waste Line

=y = T
_ .
e

718" Tygon 5/16" ID

0N,

N

Getting Ready to Run the Instrument
Check to make sure all relevant signal cables betvireision and the HPLC are in place;

Connect the AC power cord, Aurora PN 00-84-2050/@#%ada only), to the Fusion
instrument;

Connect the AC power cord to an appropriate watlledu

Turn on the Fusion instrument and observe the fpantel LEDs.
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Description of tests to run

Install the Fusion add-in Software

Locate the Fusion CD in the Aurora Ship Kit;

Place the CD into the CD reader on the computeringnthe Agilent Chemstation;

Follow prompts to copy and install the Fusion saftsv
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Software Installation

The Aurora SFC Fusion™ A5 communicates to a hostiB@ Universal Serial Bus
(USB) interface. The installation of a high sp&&sB 2.0 port is recommended. Support
for USB in Windows XP, Windows Vista, and Windowss&ufficient for reliable device
communications. USB support in Windows 2000 ispable of robust and reliable
device operation and is neither recommended nqrastgx.

Installation of the A5 software requires that asi@n of Agilent Chemstation (Version
B.02.01 or newer) is pre-installed and configurétie A5 software will not work with
prior version®f Chemstation. Obtaining and performing an ihitigtallation of Agilent
Chemstation is beyond the scope of these instmgtio

Installation of the Aurora software involves thitasks.

The first step is to configure Chemstation to suptiee SFC Fusion™ A5 (CIC based)
driver. The second step is to configure the UrdakSerial Bus driver to allow the A5 to
be recognized by the Windows operating system.

Lastly, the address of the connected A5 modulepplsed to Chemstation.

Installing SFC Fusion™ Driver Software

A software installer CD is included with the FusidB. Locate this disk and place it in a
CD Rom drive. You can then navigate to the SWdk&ctory where you will find a
windows .msi installer file and a matching setup.ébe.

Double Clicking on the Setup.exe file will begiretimstallation.

The installer is a multipurpose tool that will iakthe driver components initially if not
previously present. If the Fusion components heady present, options will be

presented to remove or repair the current files.

If prior versions of the SFC Fusion componentspeesent, the installer will
automatically upgrade the installation to the vargpresent on the CD Rom.
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File Edit Wew Favorites Tools Help

Qo - ) - T | I semer | poters | [ (37 X ) |-

Address ||'.';"| DASW.AS1.3

Folders X' || Name = | Size | Type

@ sk 2| | Cipotietrx File Folder

3] .D My Documenits | | Everedist_xss File Folder
[y WindowsInstaller3_1 File Folder

= j My Computer

B < Local Disk (C:) F _ %218 Applcation
B b SWAS. 1.3 (D) SfeFusionInstaller. msi 2,854 KB  Windows Installer P...

& My Network Places
#l Recyde Bin

Figure 3.29

The installation begins by installing pre-requigtekages needed by the Fusion A5
software. These steps are required for properatiper Pressing cancel or otherwise
preventing complete installation will leave Fusiora non-operational state.

The pre-requisite packages that may be installelk$¢s already present on this PC) are
Visual C++ runtime libraries, Windows Installer,datne Microsoft .Net Framework (2.0)

’; 55&: Fusion Interface SEE_P = ﬁ
Th

& following components will be installed on your machine:

Visual C++ Runtime Libraries (x86)

Do you wish to install these components?

If you choose Cancel, setup will exit.

| nstal | [ Cancel

Figure 3.30

Once all pre-requisite packages are installedintaller wizard will begin installation of
Fusion components.
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[ . .
::% Sfc F\_jsi_c?_:__') Interface = (L5 P |

The inztaller will guide you through the steps required ta install Sfe Fusion Interface on paour
computer.

M ‘WARMING: This computer program is protected by copyright law and international treaties.
Unatthorized duplication or distribution of this program, or any portion of it, may result in severe civil
or criminal penalies, and will be prosecuted ko the maximurn extent possible under the law,

Cancel < Back

Figure 3.31

The SFC Fusion driver components need to be iestail the Agilent ChemStation
directory tree. Please specify the location of@memstaion files in this dialog box. The

normal location is in C:\Chem32.

If an incorrect location is specified, the installl recognize the error (later) and roll

back the installation.

[ .
‘:ﬁ Sfc Fus_l_gg I[{t_terface

Select Installation Folder

The inztaller will install Sfe: Fusion Inteface ta the faollowing folder

Tovinstall in this folder. click “"MNext". To install to a different folder. enter it below or click "Browse'

Folder:
C:AChem32h | Browse..
[ DiskCost.
Install Sfc Fusion Interface for yourself. or for anyone who uses this computer
0 Just me
Cancel ‘ | < Back | l Mext =

Figure 3.32
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Confirm Installation

The installer iz ready to install Ste Fugion Interface on your computer.

Click "Mext" ta start the installation

Cancel ] [ < Back ] [

Mewt =

Figure 3.33

Installation Complete

Sfc Fusion Interface has been successfully installed.

Click "Cloze" o exit

Please use Windows Update ta check far any critical updates ta the .MET Framework:

Caricel < Back

Figure 3.34

At this point all of the driver files are install@thd ready to use. An icon will be placed

on the desk top for the Aurora Diagnostic and Manance Utility. A link to the

diagnostic utility will also be placed in the starénu.
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Installing the SFC Fusion™ A5 USB driver

As mentioned, the Aurora SFC Fusion™ A5 commungtiea host PC via a high speed
USB 2.0 port. This USB connection is pervasivermst all modern PCs. If the PC is
not current enough to have a USB port built ims itkely to be too old to reliably operate
chromatographic instrumentation. In such a cdmeuser should consider obtaining
modern hardware.

Once the Fusion A5’s USB connection is connectealltost PC and the A5 is powered
on, the windows plug-n-play should begin the nevdiare wizard. This wizard will
help locate the correct files to complete the comication installation.

Windows may wish to search for a driver locatioat, Will not likely be successful. You
may skip this search by selecting no in the borwwel

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windows will search for cument and updated software by
looking on your computer, on the hardware installation CD, or on
the Windows Update Web ste (with your permission).

Bead our privacy policy

Can Windows connect to Windows Update to search for
software?

" Yes, this time only

™ Yes, now and every time | connect a device

Click Mext to continue.

¢ Back I Next > I Cancel

Figure 3.35

On new installations, the automatic search will likaly find the required driver file. On
the next prompt, indicate that a specific locatiol be provided. This is labeled as an
Advanced setting.
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Found New Hardware Wizard

This wizard helps you install software for:

SFC Fusion Analytical

Z:-) If your hardware came with an installation CD

“4&2 or floppy disk, insert it now.

What do you want the wizard to do?

" Install the software automatically (Recommended)
% {install from a list or specific location (Advanced);

Click Mex to continue.

< Back IWI Cancel

Figure 3.36

Having already run the SFC Fusion drivers, the ireduiles can be found in the
chemstation directory tree. As shown below, thigithe sub-directory
drivers\GCI\AuroraSfc\USB off of the main chemstati The required files also can be
located on the root of the Fusion install CD.

Please choose your search and installation options. .

(¥ Search forthe best driver in these locations.

Use the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

|+ Search removable media floppy, CD-ROM.. %

[V Include this location in the search:
IC:"-.Chem32"-1:Irivers"-.GCI"-.N.lrnlaSFC"-.USB j Browse |

" Don't search. | will choose the driver to install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

< Back I Next = I Cancel

Figure 3.37

Windows will begin to install the Fusion USB drivilamt will stop requiring confirmation.
A dialog box similar to these shown below will indte that the driver’'s publisher cannot
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be verified or logo testing has not been complefBais warning must be ignored and
driver installation will continue.

k4 Windows Security L&J

@] Windows can't verify the publisher of this driver software

% Don'tinstall this driver software

You should check your manufacturer's website for updated driver software
for your device.

** Install this driver software anyway
Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your cormnputer or steal
information.

\-r- See details

Figure 3.38

Hardware Installation

] E The software you are installing for this hardware:
L
SFC Fusion Analytical

has not passed Windows Logo testing to verify its compatibility
with Windows XP. (Tell me why this testing is important.}

Continuing your i of this software may impair
or destabilize the P ion of your syst
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has

1 Wind 1 )

STOP Instalation

Figure 3.39

Occasionally, an installation file’s location (usbsys) may be requested. A version of
this file can be found on the installation CD.
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sind New Hardware - SFC Fusion AS (COM4)

SFC Fusion AS

The software for this device has been successfully installed

Windows has finished installing the driver software for this device:

Close

Figure

3.40

The device is now installed and its com port assigmt can be found in MyComputer-

>Properties->Hardware->Device Manage

r->Ports

This COM port assignment will be needed in the rstep.

Help
El®

=R | UTILITYLAPTOP|
-\, Batteries

48 Computer

5 Disk drives

B Display adapters

- DVD/CD-ROM drives

1 Cg IDE ATAZATAPL contrallers

%5 Imaging devices

(- Keyboards

175 Ports (COM & LPT)
Y5 SFC Fusion A5 (COM4)

Figure 3.41

Should it be necessary to uninstall or re-instedl USB interface for the A5 device,you
may perform those operations by right-clicking ba SFC Fusion entry under Ports and

follow the indicated steps.
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Configuring the CIC driver interface in ChemStation

As previously mentioned, Agilent ChemStation pr@gdn interface for installing
devices and drivers into the Chemstation. Thigedrinterface is referred to as Common
Instrument Control or CIC for short. This is angtard mechanism to reliably add control
of third party drivers. With the CIC interfacegtRusion A5 device can load, save and
print method setpoints within the normal methoarfeavork. Additionally, the ready/not
ready status of the A5 is monitored as part ofnibyenal run/sequence processing.

To install the CIC interface, or verify its presenn Chemstation, we use the
Chemstation’s Configuration Editor. The configuzateditor can be accessed via the
Start menu. Navigate to Programs, Agilent Cheni@taConfiguration editor.

@ Acressories

(&) Set Program Access and Defaults.

3
: _ m Dell Accessories 3

A Windows Catalog @ et ¥

‘h. Windows Update ) Mirossft office )

e Ml Aglent ChemStation 4 G Add Licenses

& Programs L4 m Subversion Wl i Configuration Editor

% Documents ¥ TortoisesuN 4 tallation Qualification

[ settings ¥ visualsvn v 25 Instrument 1offine

- search M| cygwin ¥ 25 Instrument 1enline
@) Help and Support I Agient » 0 readme.txt

& Run... B Textad Scheduler

UJ Log Off rwikfors...
(@] Tumn Off Computer...

i’starl Ga@ vl |3 My Documents | [{w1 8 Microsoft Office Word  ~

Figure 3.42

The configuration editor will display the curremtwér status for the installed instrument.
An example of this is shown below. Normally, th@ gystem is selected (3D when using
a DAD), with an address for communicating with HeLC stack. If these HPLC entries
are not present, please consult Chemstation dodat@nfor an initial configuration.
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I

File Configure Add/Delete Utlites Help

[Instrument 1] ﬂ
Modular 3D IC System

1100/1200 System
1100/1200 Access
IP Bddress: 192.168.254.11

Figure 3.43

To add or edit the configuration of this instrumesglect Configure - Instrument from the
menu bar on the upper left part of the editor wimddt will bring up a pop up window
similar to below.

Select Instrument

Instrument Type:

LC 2D Data Analysiz only ;I
LC Data Analyzis onl

Madular 30 LC Spstern

Instrument M anne:

[INSTRUMENT 1

| mitiallp Start nstument Sessian

' Yes ] i [e}

Initial Screen Window Size:
& Nomal € lcon  Full screen

Cancel Help

Figure 3.44
From this window, we can specify the proper insteatrtype. This would include
Modular LC system for VWD based systems,
Modular 3D LC system for systems with a DAD

Modular LC/MS system, when operating with a mascspmeter.
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Data Analysis only systems are inappropriate fetriiment control and should not be
selected.

The currently selected modules for this instrummew show up in the following
window. Our task is to scroll in the Modules wimdand select the Common Instr.

Ctrl's Access Point.

Modular 30 LC
i~ Module

& GFE Ll ]

1100/1200 System :I o ptess [

1100/1200 Access

Common Instr. Ctrl.

104¢ FID =
— Selected Modul
1100/1200 System ﬂ Delets |
1100/1200 Access IP:192.168.254.11
[~
ak. Cancel Help |

Figure 3.45

Pressing add will provide an entry point for adxhtal module (like the A5) in
chemstation.

INSTRUMENT 1 - Device Configuration

Madular 30 LC
— Modul

& GFIE LR

e -
1100/1200 System :| o st [

1100/1200 Access
Common Instr. Ctrl. Add

1050 Detectors

104¢ FID =l
— Selected Modul
Commen Imstr. Ctrl. ﬂ Deletel
Access Polnt
1100/1200 System i
akK Cancel Help |

Figure 3.46

Pressing ok will add the CIC interface to Chem®tatind show the current ChemStation
configuration. It must include the CIC access pamd the 1100/1200 system LAN
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interface. Additionally, any mass spectrometetesys will have entries for the specific
mass spectrometer and it's associated address.

=1

File Configure Add/Delete Utlites Help

[Instrument 1] il
Modular 3D LC System
1100/1200 System

1100/1200 Access
IP Address: 152.168.254.11

Common Instr. Ctrl.
Bccess Point

Figure 3.47

Select File and Save from the menu bar to save tmeglifications to the Chemstation
configuration.

Now, start up an online copy of the Chemstatiotartihg the online copy, or selecting
Configure CIC devices from the Chemstation Instratmeenu will allow the selection
and configuration of the Fusion A5 system.

@ Accessories
@ torrhes il gl R
& Windows Catalog i/
Games

% Windows Update @ Microsoft Office.
3 winzi

£l winzip @i Agient ChemStation
I Subversion

r v v v

ffg Programs

¥ [E Configuration Editor

14
[ Documents M\ TortoiseSYN 3 Installation Qualification
[ setings v visuslsvy » 53 Instrument 1offine
) Search i cyawin [l & 1nstrument 1 online
©) Help and Support I Adlent P resdme.txt
3 Run... BT TextPad S scheduier

2] Log OFF rwikfors...
(3] Tumn Off Computer. ..

I#st,arf Ga@® Yy \_} My Documents. | iw! 8 Microsoft Office Word -

Figure 3.48

As Chemestation starts, and progresses to instrumigiatization, it will recognize that a
CIC device has not been installed. Chemstationthah prompt for a device with the
following dialog. The device list shown is just@xample and does not necessarily
match the devices current installed on the targstem.
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CIC Devices Configuration =

&vallable Modules and Instruments: Configured Modules and Instiuments:

\ Aurora Sfe Systems SFC Fusion & Add >
\ SFC Interface

J\J\- LTELSD |
K. Caneel
Figure 3.49

At this point, select the Fusion entry on the pefhel and press the ADD button. This
will create an appropriate entry on the right panel

On occasion, the CIC window may not have focus.elihis happens, you cannot click
on the window to do anything. This condition canrémedied by pressing ALT-Tab
(simultaneously) on the keyboard until this windmegeives focus.

CIC Devices Configuration l&
Ayvailable Modules and Instruments: Configured Modules and Instruments;
\ Aurora Sfc Systems SFC Fusion & ~dd
\ SFC Interface
<-Hemove
Agilent G42184 Configure
J\J\ LTELSD I
_—
£ Agilent GC7EI0
7890 GC
oK Cancel

The .Fusion devices COM port can be assigned legted) the device entry in the right
panel and then pressing the Configure button. Wilidring up the dialog below where
you need to enter the COM port address for thecgeas shown in Device Manager.
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Aurora Device Configuration

=X

Aurora COM Port  |[ERH]

DKICan-DeJl

-

e = —

Figure 3.51

The correctly configured device will display the BI@ort selection in the last line of the
device description in the right panel.

CIC Devices Configuration

Available Modules and Instruments:

Mo
Mo

Aurora Sfc Systems SFC Fusion 4 Add

Configured Madules and Instruments:

SFC Interface
Agilent G42184 £ Configiire
LT-ELSD

Agilent GCYEI0
7890 GC

oK Caricel !
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Chapter 4
Operating the SFC Fusion A5

Powering on the Module

Before operating the A5 module, it must be powened This is accomplished by
depressing the top of the rocker-type Power swdachted on the upper right rear of the
module. Once the button is pressed, the A5 modilileespond by entering its power up
sequence. The power button of the A5 unit musareraccessible to the user at all
times. Never arrange equipment so that the sw#cdmot be accessed.

Warning The power switch of the A5 unit must remain acdsedio the user
at all times. Never arrange equipment so thaswigch cannot be
accessed.

Power Up Sequence and Operational Control States

Power up Sequence

When Power is applied to the A5 module, a seriesvehts is initiated. The order of
these events is designed to safely initialize astihdividual component functionality.
The module power up sequence executes the follosteyms:

1) Power is automatically applied to the processortardwo module fans
2) The processor initializes:
a. Any temporary configuration or calibration datatthas not been stored in
flash memory is lost
b. A checksum validation is made of data stored ishflmemory
c. Aselftestis run to test power supply voltageelsvand sensor readings
for in-range values
d. Stored calibration and configuration data are doadéd to RAM.
e. The event logbook is updated
3) The booster pump drive is rotated searching fandex pulse.
4) Index pulses are tested for module fans and thiwsbpump
5) The BPR is homed to its fully open (depressurizejtion
6) If installed, the wash pump is rotated to its ingetse

At the completion of a successful power up sequethegprocessor places the A5
module in the OFF operational state describedem#xt section. If an error is
encountered and unresolved after multiple attentipesmodule is placed into the
ERROR state and a notation is stored in the ewgnt |
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Operational Control States

The SFC Fusion A5 module has three defined ope@tiontrol states: OFF,
STANDBY and ON. The three states are controlledhgyuser by selecting the A5
Control option from either the Chemstation SFCigiugcon, by pressing various icons
of the CHemstation GUI or from the Aurora A5 Diagtio Program status tab.

Some components of the A5 module are not govergededthree described states but
are continuously on. These include:

» The processor
0 continuously records and transmits sensor dataetdidst control system
o handles status and command requests from the tiosblier
0 monitors sensors for safety related parameters
0 updates the event log
Pressure and temperature sensors are continucusgred and sensed
Coolant and Electronics bay fans are continuouslygred
The Wash pump is activated by contact closure ®®hbS independent of the A5
control state

YV VYV

The OFF State
The OFF state is characterized as follows:

The CO2 Supply Valve is closed (unpowered)
The Booster pump drive is unpowered

The BRP drive is unpowered

The BRP heater is unpowered

The chiller is unpowered

The secondary cooling circuit pump is unpowered

VVVVYVYY

The OFF state is always entered after a succgssiudr up sequence. It can also be
entered by direct user selection of the ‘off’ radigtton in the control window; by a
timeout from the STANDBY state or by pressing theFutton of the Chemstation
graphical user interface twice in succession.

When the A5 Module is in the OFF state, the topaed status light is solidly lit and the
bottom “ready” status light is off.

The STANDBY State
The STANDBY state is characterized as follows:

» The CO2 Supply Valve is closed (unpowered)
» The Booster pump drive is unpowered
» The BRP drive is powered.
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» The BRP heater is powered
» The chiller is powered
» The secondary cooling circuit pump is powered

The STANDBY state can also be entered by direat sskection of the ‘standby’ radio
button in the control window; or by pressing theweo button associated with the SFC
icon of the GUI; or by pressing the OFF buttontd Chemstation graphical user
interface once while the system is running.

When the STANDBY state is entered from the OFFestidte BPR must be homed. Once
this is accomplished, the BPR drive is active bu hold state.

When the A5 Module is in the STANDBY state, the tstatus lights flash in and
alternating pattern. The STANDBY state will remaittive for a period of up to three
hours. If no user initiated action is taken torgp@or renew the state within this time
period a timeout occurs and processor automatieallgrs the OFF state.

The ON State
The ON state is characterized as follows:

The CO2 Supply Valve is open (powered)

The Booster pump drive is powered and begins pugn@i@2 to the pumps
pressure target

The BRP drive is powered and the BRP begins theggsoof regulating to its
setpoint.

The BRP heater is powered

The chiller is powered

The secondary cooling circuit pump is powered

YVVV WV VYV

The ON state can also be entered by direct usectssi of the ‘ON’ radio button in the
control window; or by pressing the power buttonoassted with the SFC icon of the
GUI; or by pressing the ON button of the Chemstagjmaphical user interface.

When the A5 Module is in the ON state, the topustdight is continuously lit. The
bottom status light becomes lit when the systerohes a “ready” state indicating that
backpressure and booster pump pressure are unuteol@nd stabilized within their
control band.

Modules which start from the OFF state generatit fnust perform an initialization
routine before moving to ON. In the case of themd&dule, initialization causes the BPR
first to home then move to a default initializatjposition. The booster pump will delay
operation until the chiller passes below a threshemperature value.
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Controlling the A5 through the Agilent
Chemstation™

User Interface Familiarization

Operating controls for the SFC Fusion A5 are provided within the Chemstation user interface.
These controls exist within the Method and Run control view.

Should the chemstation startup in a data analysis window, you can move to the instrument
control/method view by pressing the bar on the lower left or by selecting the appropriate entry in
the View menu.

Inside Method and Run Control view, there are a number of operational items for the SFC
Fusion™ A5

&, INSTRUMENT 1 (onfine): Method # Zun Control
nt ®hod Sequence Data Browser Easy-Access View Abort Hep

B Rl o s ME DS S b b

E— I I | et DF_SFCM | iy sere: DEF_LCS | |
=} C:\CHEM32\1\SEQUENCE

greos S0
1 ;.gjusgwj A
v Mo LEE O
i
| A

A -
2 Sequence templates | Methods | - [LC Parameters |
s § InjectarPiogram LeftT 00 ¢
027 Flow: 2500 mi/min RightT: 400 T
] StopT: 400 min Sd 254nm  Ref 360m
71 lata Austisis - o | PostT: 0.0 min SigB: 220nm Fiek 360nm
& o A 1000 % SgC  ~  Ret -
j ] e A Bilie = R
s = M 400 b Sgf  —  Rel
] MinP: 0 bar Spectra;  None
ﬁ) Verification (0Q/PV) . \datah oot
— S e ———
>
|Ready | SfcFusion AS 4
Figure 4.1

Graphical Icons used to control the A5 Module

[1] Iconic representation for the Booster

[2] On/Off/Standby button controlling the Fusion A5 device only.

[3] Iconic representation of the BPR with a textual display of actual back pressure
[4] On/Off/Standby button icons controlling all modules of the system

[5] The Instrument menu item

The four graphical icons provide the primary cohimterface for the Fusion A5.
Additionally, equivalents to these elements exigter the instrument menu in menu
bar . Other icons of the graphical user fat, retain the exact behavior they had
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when running Chemstation in the HPLC mode. Far tbason, users already familiar
with the Chemstation have a very shallow learnigye to begin using SFC.

Exploring the A5 module Graphical User Interface (G Ul)

Right clicking either of the icorfs |1 for| 3 abalisplays an identical drop-down menu
where:

« Setup Aurora ... opens the method parameter edit
window

* Inj Wash 30 Secruns the Wash Pump for 30
seconds as a priming step

» Control... opens the Control status window o Inj Wash 305ec

* Not Ready Reason®pens a window which of Contral...
enumerates the not ready conditions of the device

of Mot Ready Reasons

Figure 4.2
A5 Control Menu

Setting the Control State

The three control states discussed earlier [ON, @

STANDBY] can be directly accessed by selecting the

Control ... menu item. This displays the Control mode Control

window that allows users to set the current mdde. ®

addition, a Depressurize checkbox in the windowohezs c o

active when either STANDBY or OFF is selected. e€King ° sty

this box causes the BPR to home, releasing the [iE€ure, | Defresae
when the window is closed by pressing OK.

Operation of the booster and BPR are tied to theeszontrol Caes |
state, so selecting the window from either icoreetf both Figure 4.3
components. Selecting the On or Standby radi@bstin A5 Control States

turn without depressurizing has an identical eftect
repeatedly pressing ic 2 above. It alteigdoggles
the A5 module between ON and STANDBY.
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Editing A5 Method Parameters

SelectingSetup Aurora ... displayeshe A5 method parameter window.

Aurora Method Settings

[ Use Local Stop Time

3 Minutes

MNozele Pressure | 200 32
Mozzle Temp |50 =

’T‘ Cancel |
Figure 4.4

A5 Method Parameters

The most critical setpoint of the A5 device is the
Nozzle Pressure parameter. This setpoint connels
SFC mobile phase back pressure regulated by the BPR
in the range from 100 to 350 bar. Well controlled
backpressure in SFC maintains the CO2 at liquid-lik
densities necessary to keep all mobile phase
components in a single phase. Optical detectarsflie
greatly from the ultra low-noise BPR of the A5 mteju
which High sensitivity analytical methods generally
require BPR pressure settings between 140 and&00 b
The lower setpoint range is convenient when sjaitf

is required [e.g for a mass spec or ELSD interfaae]

limit the volume flowing into the split stream.

Other parameters of this window include Nozzle Temhich sets the BPR temperature
in the range of 40 to 70C, and a Local Stop Timekvallows the A5 to have its own
run duration during a method. Except in rare gmstances, the default values shown
should be used. Pressing OK exits the edit windod/immediately sends the revised

parameters to the A5.

Changing the pressure setpoint while the A5 ur@hiswill change both the BPR and
booster pump demands. The A5 module may take someetd adjust to the new back
pressure and stabilize. During this time, ic@sand/o@ will be displayed as yellow
indicating the “not ready” condition. When thensdbecome “ready” the icon will turn

green.
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Turning the SFC System on and off

DAD @250:70 nm; 0.05 plkwd; 16nm slit; ref 360:40; 10mm cell 0.007 tubing cell2 @
=l |alz0 225:16, 25016 and 27516 nm of
Temp = 40 C column; 37.5C

e 135 bar |
0,000 mIJ'mln

DAD @250:70 nm; 0.05 plkwd; 16nm slit; ref 360:40; 10mm cell 0.007 tubing cell2
alo 225,16, 25016 and 27516
Temp = 40 C column; 37.5C
1
@ I
M| /A\ DAD @
; — 1

Figure 4.5
Chemstation GUI control panels showing modules in
a) OFF/STANDBY state; b) ON/not ready state
and c) ON/ready state

If the SFC system is in the OFF or STANDBY statéemwthe Chemstation is started,
icons will appear gray as in Figure ___a). From #fate, the easiest means of starting up
the entire SFC system is by depressing the sysim:rtmud;'vorijr . This is the equivalent

of moving all modules to the ON state at the same.t

The Chemstation responds by activating all modi@esae modules may first perform
and initialization routine. Starting at initialtzan until each component in the SFC
system reaches a “ready” condition, icons are shgdkow to indicate a not ready
condition. When the ready condition is achieved,itons turn green. Figure 4.5 shows
views of the GUI control pane in the a) OFF/STAND#Bate ; b) not ready and c) ready
conditions of the ON state. Note that the Autosamiglon in the three figures does not
participate in visual status cues. The Autosamiglesnsidered to be always in the
ON/ready control state unless an exception is atdit [e.g. door open]. A Red icon
indicates an error state has been detected.
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Starting the Chemstation does not change the dusperational control state of the SFC
system modules. Components that were left in tNestate when Chemstation closed,
remain ON outside of Workstation control and aldewthe Workstation software
restarts. The SFC Fusion A5 driver conforms to skesdard. The one exception is that
if the Chemstation is exited with the A5 unit inANDBY, it will change state to OFF
after the idle timeout period, whether under Cheais control or not.

It is a good practice to place all pumps, including A5, into the STANDBY or OFF
state before exiting the Chemstation. This asshasall pumping of fluids is performed
under the supervision of the workstation rathentsianply the individual modules.
Depressing the system OFF but@ 4 moves all lesda the standby state. In some
cases, users may prefer to leave the column owetdetector in the ON state during
shutdown. In these cases the A5 and the binaryman be turned off individually by
depressing their individual ON/OFF buttons.

CAUTION Set all system pumps, including the A5 unit, to QFSTANDBY
before exiting the Chemstation. Pumps left in@i state are
unsupervised by the workstation. This may resulirisafe
operation.

Starting and Stopping the A5 Module

The A5 module can be controlled individually viattbu of the GUI. Pressing the
button toggles the state between ON and STANDBWe A5 booster is intended to
operate in coordination with the binary pump dummagmal operation [i.e. both module
ON]. Itis not recommended to place the binargnpun the ON state without activating
the A5 module since the binary pump will not beedlol pump CO2 properly. Teb
shows pump responses to the four possible cortitibtembinations. In general, both
pumps should be started and stopped at the sarae tim
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Table 4.1
Combined A5 and Binary Control State Responses.

Response to Control State Combinations
of the A5 and Binary Pump Modules

A5 Binary Response
State State
OFF OFF Both Pumps Idle
OFF ON Binary pump attempts to pump both CO2 and

modifier, but effectively pumps only modifier.
Column fills with pure modifier. Back
pressure approaches last controlled setpoint,
but is not actively controlled. This is not a
recommended control state.

ON OFF Booster delivers CO2 to Backpressure
setpoint then slows or stops to maintain
pressure. Back pressure is actively
controlled. The system is not flow rate
controlled.

ON ON Normal Operation. Booster provides binary
pump with preconditioned CO2 based on flow
demand. Binary pump delivers controlled
CO2 and modifier mixtures to the flow system.
Back pressure actively controlled.

CAUTION Do not start the binary pump without starting tHe ukit. This can
cause the flow system and column to fill with maatifwvithout
active backpressure regulation. Back pressurebeilimited near
the last active setpoint.

Controlling the Wash Pump

Some A5 modules include a wash pump installederBlRR drawer of the module. The
wash pump is intended to supply wash solvent tdefgil 100 and 1200 standard and
wellplate autosamplers. As part of the installatihe wash pump inlet port is plumbed
to a supply reservoir of wash solvent and the diglplumbed to the inlet of the
autosampler metering pump. The wash pump is cibedrby contact 2 of the BCD
interface card installed into the autosampler. Ié/tiie contact is closed, the wash pump
operates continuously, opening the contact haksatipn. The default state of contact 2
is always open.

The wash pump can be activated manually for 30rekodervals by selecting thej
Wash 30 Seanenu item of the booster or BPR control menus.s Tiitiates the pump
and halts operation automatically and is the safestns of operation.
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Some priming operations may require longer periobse pump can be activated for an
indefinite period by accessing th®ntacts ... menu of the autosampler and closing
contact 2. The wash pump should not be left undéernn this state. It will continue
operating even after the reservoir empties and adaayage the pump seal. In addition,
the waste reservoir may be overfilled. When th&rdd amount of priming has occurred
return Contact 2 to the open state.

Warning Never leave the system unattended with the washpmparating
by manual contact closure. This can result in dgra pump
seals as well as waste reservoir overflow.

The wash pump can also be activated as part omegtar program using the
CONTACT command. An example of needle rinsingrinrgector program is found in
DEF_SFC.mth. Generally the program includes a W##&p between closing and
opening the contact to give a timed rinse.

Before operating the wash pump manually or asqdah injector program, users must
assure the wash solvent has a controlled waste @herally, the needle must be seated
in the needle seat. Some autosamplers provide stasbns for the needle that may be
appropriate. Never operate the wash pump witméeelle in the raised position or
inserted into a vial. This will generate a leakdibion and halt the system.

Warning Never operate the wash pump with the needle imaised position
or inserted into a vial. This can cause a lealditamm and halt the
system.

Viewing A5 Charting Functions

A powerful feature of the Chemstation is the apiid chart various real time signals
such as detector signals, binary pump pressurd@mgdetc. The A5 driver supports real
time charting of a variety of internal signalséidtin the appendix. By default, A5
backpressure and booster pressure are immediai@lglale for charting. This is
accomplished by selecting the CHANGE button inltveer right of the expanded
charting view which produces the Edit Plot Signaideow in Figure 4.6. Moving one or
more of theSFCxsignals to the Selected Signals pane initiategiolga
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Edit Signal Plot

Available Signals Selected Signals

FC1 A, Sig=BackPressure DAD A; Signal=254,16 Reference=3a0
FC1E, Sig=BoosterPressure

AD B: Signal=220,16 Reference=:
AD C: Signal=210,16 Reference=:
AD D: Signal=230,16 Reference=:
AD E: Signal=280,16 Reference=:
inary Pump: Pressure

inary Pump: Flow LI

fdd -

REEEAS
[ emes

=- Remove

—Window —select one signal

K-EKis I g ﬂ mir Type: acquired -axis range: I 0.50001 ﬂ frar
[ draw zero line ™| auto y-adjust QFFSE'I:I 10 i' ar,

- Frackion Collestar —Method Settings
™| Show Fraction callection keks ¥ Use method =ettings Apply to Method |
Cancel | Help |
Figure 4.6

Edit Signal Plot Window

Running a method on the SFC system

Loading the SFC_Def analysis method

As part of software installation, a write protectadthod named DEF_SFC has been
loaded into the Chemstation Methods directory. miethod contains parameters used to
evaluate noise performance of the SFC Fusion erldasystem. As is the standafor
DEF_ XXX methods, the binary pump flowrate has bseinto zero so the pump will

stop pumping when the method is loaded. To loadtbthods, used the menu bar and
select File | Load | Method then select DEF_Sieéhfthe list.

The DEF_SFC method uses many of the low noise aptimtechniques described in
later chapters. In particular,

Adjusting the method for use
A few adjustments must be made for use. From th&rGl GUI:

1) Adjust the binary pump flow rate to 3 mL/min.
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2) If a flow splitter has been installed down stredrnthe UV Detector, adjust the
BPR Nozzle pressure to 140 bar.

3) If thermal optimization has been performed, setéftecolumn oven heater to the
optimum conditioning temperature

4) If a VWD is used, set the wavelength to 254 nm peakwidth of 0.05 min.

5) Save the method as SFC Checkout.

Running the Checkout Method

STEP 1: |Install a test column into the system.iSsteuction for changing columns in
the maintenance chapter.

STEP 2: Turn the SFC system ON by pressing b{ighan the Control GUI.

STEP 3: Load SFC_Checkout.mth

STEP 4: Open the modifier prime valve and prineerttodifier until a bubble-free
stream is observed in the transparent supply tebeden the degasser and the

pump for at least 30 seconds. Close the primesvalv

STEP 5: Allow the system to stabilize several rteswntil the UV detector signal has
drift of < 1 mAU/min [typically about 10 minutes]

STEP 6: Set the injection mode to single sample
STEP 7: Set the data directory to SFC Checkout
Several types of injection can be performed inegigdio physical injection [baseline

evaluation]; blank injection, and sample injectidéach type begins with Step 8 as a
continuation of the prior steps.

Baseline Evaluation

STEP 8: Clear the Vial field

STEP 9: Label the data file Baseline_ xxxx

STEP 10: Press START

Response: The method first zeros the DAD and thenddiately starts into one minute
of data collection. No injection is made; the vafliaes not turn. The data is

saved in the data file and can be reanalyzed usiisg analysis tools to
determine baseline noise. At the method data [&ittz; pkwd 0.05min] time
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segments of approximately 0.2 to 0.3 minutes shbaldampled to cover the
6-sigma time at the base of a normal SFC peak.

Blank Injection

STEP 8: Insert a vial containing pure methanol thevautosampler

STEP 9: Set the Vial field to the positidrthe blank vial

STEP 10 Label the data file Blank_ xxxx

STEP 11: Adjust the binary pump run time to 5 masut

STEP 12: Adjust the absorbance range of the stgretbout 20 mAU full scale

STEP 13: Press START

Response: The method first zeros the DAD and tises the injector program to fill, and
inject 5uL of blank. Data acquisition starts wilie injection. The data will
show the effect of the solvent alone on the baselin
For this isocratic method, the baseline will retgtrickly to the initial status
after the solvent front. For some gradient metheksre the composition
changes with time the baseline may slope up or datwarious times and
more or less at different wavelengths. The d&tacAn be reanalyzed using
noise analysis tools to determine baseline ndisean also be subtracted

from sample runs to eliminate spurious signals edisy the solvent
composition.

Sample Injection

STEP 8: Insert a vial containing sample into thmsampler. [The selected sample
should elute at the current conditions within thaiBute period.]

STEP 9: Set the Vial field to the position if thegple vial

STEP 10 Label the data file Sample_ xxxx

STEP 11: Adjust the binary pump run time to 5 masut

STEP 12: Adjust the absorbance range of the sigratbout 20 mAU full scale
STEP 13: Press START

Response: The method behaves similar to the blanKTihe data file can be reanalyzed
using noise analysis tools to determine baselingenol he user may also
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subtract the blank run to eliminate spurious sigialused by the solvent
composition.

Shutting Down the SFC

The manner of shutting down the SFC depends ondées needs for rapidly
equilibrating the system on the next startup andl bertain the timing of that startup. If
the system will be shutdown for a while, it is pabby best to shutdown all components
including the DAD and column over. These lattemponents tend to take more time to
reach their most stable operating states than etiraponents in the system. The user
should always shut down both the A5 and the bipamp if the system is to be idle for a
long time.

Partial Shutdown

Leaving the system pressurized

If the system is to be shut down for less than @@ partial pressurized shutdown is
preferred. Press the control buttons [e.g. b|]|to move the A5 and binary pump
states to STANDBY. In this case, the system withain pressurized and slowly bleed
pressure via the nozzle. A residual pressurereitiain in the system when the nozzle
actually fully closes at lower pressure. The baosi# remain chilled and much of the
startup CO2 will be preserved. The user shouldwmrathat the system is pressurized
and not attempt maintenance under this condition.

Warning Setting the pump to STANDBY does not depressutieestystem.
Do not attempt to loosen fittings or perform manaece under
this condition. Serious skin and eye injuries caour as the result
of sudden release of CO2 in the liquid or supecaiistate.
Gloves and eye protection should always be wormvadperating
or maintaining the A5 unit.

The detector and column oven are left in the otegtamaintain their readiness. The user
may elect to exit the Chemstation in this state strmlld answer NO to the “Shutdown
Lamps...” query that appears during shutdown. Restpthe Chemstation will bring

the system to this same state. If more than twoshim STANDBY elapse, then the A5
enters the OFF state and pressure may be logshatearapid rate.

Depressurizing the system

When maintenance is required on the SFC systerh,asiceplacing the column, the
system should be depressurized. Again, it is roessary to shut down all modules, but
only the pumps and other devices to be maintaindeh depressurize the system, first
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stop the A5 and the binary pump. Next openGbatrol... menu of the A5 booster [the
standby state will be selected] and check the dspreze box. Then press OK.

If the A5 unit itself is to be serviced, seleat BFF state of the
Control window. This will shut off the BPR heatsrd booster
chiller and allow them to move toward ambient terapae.

This will cause the BPR to home and fully open@@2 path to depressurize. The A5
unit contains approximately 30 mL of stored CO2isTdmount of CO2 should be vented
properly. It will take several minutes to effeety drain. The user should allow the
system to drain at least below 40 bar before crackny fittings. At that point the CO2
will be in the vapor state and represent a smxgheded volume. However, users must
never inhale vapor directly from a cracked fittinghe concentration of CO2 emerging
from a flow line even at low pressures can be toxieven lethal.

Warning Never inhale vapor issuing from an SFC flow liriexposure to
concentrations of CO2 over 5% in air can be lethalways keep
tubes directed away your face. CO2 is ubiquitouhe
atmosphere, but at high levels should be treatddtive same care
as handling other toxic chemicals. Always weawgtand eye
protection for safety. Avoid inhaling.

Alternatively, if the column oven contains a coluswitching valve, one path may be
jumpered without a column. The reduced restrictidhallow the system to depressurize
much faster. Further, the isolated column candohanged immediately since the
contained volume is CO2 is very small.

Warning The A5 unit contains approximately 30 mL of liq@2. The
CO2 must be vented properly since the expandedneluill
allow local concentrations exceeding the OSHA PBlways
allow the system to depressurize to below 40 borbecracking
any fittings. Always keep fittings directed away.

Full Shutdown

The SFC system can be fully shut down easily in\Wwags:

1) Press the Off button of icdn| 4 .
a. One press for STANDBY
b. Two presses for OFF
2) Close the Chemstation.
a. Answer ‘Yes’ to thé'Shutdown Lamps...uery that appears.
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Both of these actions leave the SFC system presslriTo depressurize the system refer
to the discussion under Partial Shutdown.
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Chapter 5
Maintaining the SFC Fusion A5

Inspection and Preventative Maintenance
Intervals

Inspection and maintenance of the A5 system atieadrelements of long term reliability
and performance of the system. Maintenance faltstimo categories, preventative and
corrective. Preventative maintenance intervalsveaym based on the system use. The
intervals offered in this section are for systenith \@verage use of approximately 30
hours per week. Infrequently used systems maydxteese intervals, while heavily
used systems may require more frequent preventatanetenance. Most service can be
performed directly by the user or in-house mainteeaechnicians.

Daily Inspection and Maintenance

Verify power and signal cables are firmly conneaed not under strain
Inspect all user serviceable high pressure tubédransfer lines for crimping or
very tight bends. Replace as necessary.

Wipe up any visible liquid spills or condensatianar near instrument.

Verify that all covers are securely fastened tofthme

Inspect all reservoirs to insure an adequate sokgoply

Prime wash pump and modifier pumps. Check thaptinge valve reseals
without leaking

Empty all waste containers

Check that exhaust line is attached to ventilasigstem and system is drawing
If an inlet step down regulator is used with a gagply system, check inlet
pressure is between 40 and 70 bar.

Check the integrity of the SFC Flow path. [i.e.ttb@lumn, flow cell etc have not
been removed]

With system running, visually inspect unions arebstéor leaks. Run diagnostic
leak test for added sensitivity.

Check CO2 air monitor, if available, for suitablgesure level [< 5000 ppm
CO2]

Every 3 months

Run nozzle diagnostic test
Run system leak test
Evaluate system calibration
Check chiller efficiency curve
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* If CO2 cylinders are used as supply, change cytisdal [appx every 10
cylinders] with next tank change
* Remove visible dust accumulation in the area ohtioelule

Annually

* Have service evaluation and maintenance by a AB&C qualified service
technician
o Perform 3 month maintenance
o Change booster and binary Pump A (CO2) piston seals
0 Inspect booster and CO2 metering pump check vaitgsfér seal wear;
change frit or entire CV as necessary
o Change coolant
o Clean fan access paths
o Upgrade firmware with any recommended safety ofoperance
enhancements
Change modifer purge check valve
Change injection valve 3-groove rotor
Inspect high pressure flow cell
Inspect leak sensor function

© O 0O

As Needed [Corrective]

* Change booster and CO2 Pump check valves

» Change high pressure transfer lines with metalifesror PEEK end fittings after
10-20 reseals or when leaking

* Change Booster piston [rare]

* Change CO2 inlet filter

» Exchange BPR head [rare]
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General

Maintenance procedures

Booster Drawer

Piston

Piston Outlet CV
Retalnlng = 0 Holder
\ / Ring g '
4— Valve
Cartridge
. < Pump
Chiller Plate Head
And Spacer Piston
Seal PEEK
Gasket :
Retaining Nuts
Check /‘ ’
Valve !
Cartridge
Inlet CV
Holder
Figure 5.1

Exploded view of Booster Components

Procedure 1: Removing and Replacing the vapor shigl(not shown)

Most maintenance procedures require removal oY/por shield to access the

underlying pump unit

You will need:

« A 3/16” hex drive wrench

Removal Procedure:

1.
2.

3.
4.

Set the Control state to OFF on the A5 module

Wait for the chiller temperature to approach roemperature. This will
prevent significant condensation on the chilleeassly and pump head.

Turn the power OFF on the A5 module. (Remove Paosi?)

Remove the front cover of the A5 unit by pullinghgg at the upper left
and right indents to the rear of the cover. Theecwvill release from its
magnetic catch. Lift the cover upward to cleartiie mounting pins at
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the base. Set the cover aside. [Note: the 3/16Wrench used to remove
the vapor shield and pump head is stored insidestim@vable front cover]
While holding the vapor shield with one hand, us23/16” hex wrench to
loosen the four cap screws attaching each cornireaghield until they
each disengage from the front panel. The scresvsaptured in the
shield; do not try to remove them completely.

Remove the shield and store it in a safe locatida.not use the shield as
a container for disassembled parts. This will straihe plastic surface and
impair visibility of the pump head during operation

Replacement Procedure

1.
2.
3.
4.

5.

Locate the vapor shield approximately over the ntiogrholes in the
booster drawer front panel.

Engage each screw approximately one turn.

Inspect the border of the vapor shield to make gusan sealing
contact with the foam seal of the drawer face. u&tias necessary.
Tighten the mounting screws to insure at least 8@¥#ection of the
foam seal by the shield.

Replace the front cover by aligning the two basemiog pins and
tilting forward to engage the magnetic catches.

Procedure 2: Replacing Booster Pump check valves

You will need:

* Tools necessary to remove the vapor barrier
* AYy open end wrench

A 9/16” open end wrench

* One or two Check valve cartridges

Procedure:
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1. Remove the vapor shield
. With the %" and 9/16” wrenches loosen and remowerinlet or outlet

capillary tube

. With the 9/16” wrench loosen and remove the desitextk valve

holder. The check valve may or may not be extcheti¢h the holder.

. [Inlet CV only] The inlet check valve assembly indés a PEEK gasket.

Set this gasket aside for reuse.

5. Remove the defective check valve cartridge.

. Insert the new check valve cartridge into the hotteented correctly
for the direction of flow [arrowp] The inlet check valve will be
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inserted with the non-filter end of the cartridg@wing. The outlet
check valve will be inserted with the filter endtbé cartridge showing.

CAUTION The orientation of the CV cartridge is critican arrow on the
side of the cartridge indicates the direction ol Make sure the
cartridge is installed to allow flow in the prop#rection when
installed into the pump head.

7. [Inlet CV only] Replace the PEEK gasket on the ¢dghe inlet check
valve cartridge with the flat side of the gasketirig the cartridge.

8. Insert the CV holder into the pump head and tiglhteh a 9/16”
wrench.

9. Refasten the inlet or outlet capillary line holdthg CV holder with a
9/16” wrench and tightening with the %" wrench &als

10. Replace the vapor shield

Procedure 3: Removing, Cleaning and Replacing theump head and
Replacing the Piston seal

Notes:

Each time the booster pump head is removed, thenpseal should be exchanged. This
is because the seal surface may be easily scratctostorted during the removal
process. For this reason the procedures are bun@lieéning the pump head is optional
after visual inspection. Sealing surfaces of thep head are critical to successful
operation. Never use metal tools or paper towelngipe, probe or contact these
surfaces.

You will need:

* AYy open end wrench

A 9/16” open end wrench
* A 3/16” hex drive wrench
* A new piston seal

» seal insertion/removal tool
e Ultrasonic bath

* Isopropanol

* Deionized water

3A: Pump Head Removal Procedure:

1. Setthe A5 Control mode to OFF
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ablrwn

o

Wait for the pump head to reach room temperature

Power off the A5 module

Remove the vapor shield

With a 9/16” and ¥4” wrenches, remove the inlet fireen the inlet check
valve holder and the outlet line from the outle¢ckvalve holder.

With the 3/16” hex drive carefully remove the twaukled nuts at the
front of the pump head.

CAUTION

Be careful not to break the piston when removirggpump head.
Twisting the pump head can cause the piston tckbrea

7.

Carefully separate the pump head from the pump.eMbeg pump head
straight out from the pump and remove it from tistgm. Be careful not
to break or damage the piston. Also remove thefsaal the piston if it
did not stay in the pump head.

If the seal remains with the pump head, inserfldreged end of the seal
insertion/removal tool into the seal cavity. Tilslightly so that flange is
under the seal and pull out the seal.

CAUTION

Using any other “tool” will scratch the finish.

3B: Pump Head Inspection and Cleaning Procedure

9.

10.

a.
b.

C.

11.

Visually inspect the piston seal cavity in the pungad. Use
magnification if necessary. Remove any foreignamal using a cotton
swab, or equivalent, and avoid scratching the sgalurfaces. Be sure no
fibers from the cleaning swab remain in the comptse

The pump head, may be further cleaned as follows:

Remove inlet and outlet check valves

Clean with 50% isopropanol in water in an ultrasdrath for at least 30
minutes, followed by rinsing for at least 10 mirsube 100% isopropanol.
Be sure that all particles loosened by the abowequtures have been
removed from the components before re-assembly.

Replace the check valves

wipe off any residual liquid from external [non Beg] surfaces with a
soft cloth such as a microfiber towel.

3C: Piston Seal Replacement Procedure

12.

13.

Sonicate or soak the new seal in isopropanol fanitutes to clean and
provide lubrication for installing

Place the replacement seal on the rod-shaped ehé eéal
insertion/removal tool so that the spring is visillhen the seal is fully
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seated on the tool. Insert the tool into the pumgdhso that the open side
of the seal enters first, facing the high-pressangty of the pump head.
Be careful to line up the seal with the cavity whibserting. Then
withdraw the tool, leaving the seal in the pumpché@&hen you look into
the pump head cavity, only the polymer portionhaf seal should be
visible.

3D: Pump Head Replacement Procedure:

14.Fill the pump head cavity about one third full wislopropy! alcohol.

15. Wet the piston tip with a few drops of isopropytatol.

16.Holding an absorbent towel beneath the pump hesehddy, line up the
pump head and carefully slide it into place. Beeghat the inlet valve is
on the bottom and the outlet valve is on the topnbt force the pump
head into place.

17.Finger tighten both knurled nuts into place. Tditen firmly, alternately
turn nuts 1/4 turn while gently wiggling the pumgsld to center it.

18. Re-attach the inlet and outlet lines.

Procedure 4: Cleaning or Replacing Booster Pump Fisn

Notes

In most cases, this procedure will be used onhgptace a broken piston. Pumping CO2
does not tend to leave deposits on the piston.elPpment of such deposits warrants
examination of the CO2 supply system and correctiegsource of the deposited
materials. Release of extraneous materials ig@B2 supply system may cause
contamination of the SFC system.

You will need:

* Tools for removing the vapor shield and pump hgmddedures 1 and 3]
* A piston replacement kit
* A 9/64” hex drive wrench

Procedure

1) Remove the Vapor Shield

2) Remove the pump head

3) Clean the pump head

4) With a gentle rocking motion, loosen the chilleatplassembly and carefully slide
it forward off the pump head mounting posts. Qalteftwist the assembly out of
the way.
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CAUTION Use care removing the chiller assembly from theimtiog posts.
The assembly is connected to a circulation pummnbleie drawer
panel. Do not pull the flow lines hard as this n@ysen or crimp
the tubes and cause the chiller to lose efficiearoyause leaks in
the secondary cooler system.

5) Use the 9/64” hex wrench to unscrew the two capvesattaching the spacer and
very carefully remove the spacer by pulling straigdick. This fully exposes the
piston and retaining ring.

6) Remove the retaining ring by prying it out withraal blunt instrument or
tweezers at the slot provided.

7) Grasp the metal base of the piston assembly sgdlic@void exerting any side load
on the sapphire rod, and remove the piston fronslibtein the carrier by sliding it up.

8) Grasp the metal base of the replacement pistomédgeand insert it into the slot
in the piston carrier until it bottoms in the slot.

9) Replace the retaining ring and spacer. Reattaebpghcer mounting screws. If
properly positioned, the spacer should be presgedhe foam wall seal.

10) Gently slide the chiller back onto the pump mountosts and firmly press it
onto the spacer. If properly positioned, the ehiieat exchanger should now be
pressed into the foam wall seal.

11) Replace the piston seal

12)Replace the pump head

13) Replace the vapor shield

Replacing the CO2 Inlet Filter

1) Unscrew the filter closure from the filter housing.

CAUTION Do not use a metal object such as a screwdriveaperclip to
remove the seal. Doing so can scratch the precsidace of the
seat and may cause the filter to leak.

2) Use a seal insertion/removal tool or a non-metaliect (such as a wooden
toothpick) to remove the large seal that remairthéhousing

3) Unscrew the old filter and remove the small seainfthe filter closure.

4) Place one of the small seals included in the repent element kit over one of
the new filters from the kit. Screw the new filteto the filter closure (finger
tight).

5) Place one of the large seals from the replacenitanhkhe filter closure. Insert
the filter closure into the housing and tighten.

Replacing Fuses

The power entry module of the A5 unit contains aiemal fuse drawer that is user
serviceable.
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To replace fuses:

1. Power down the unit

2. Disconnect the power cable from the power entry ufed

3. Depress the release lever of the fuse drawer alhthpudrawer straight back to
remove.

4. Replace blown fuses with 8A 250V Time Delay fuskematching size. [ A set of
replacement fuses is included in the A5 ship Kkit]

5. Replace the fuse drawer by sliding it into the poer@ry module until it locks
into place.

Cleaning and Decontamination

Cleaning

External surfaces of the enclosure can be wiped asdamp soft cloth to clean. More
stubborn marks can be removed with a 50% isoprdpaaier mixture or mild cleanser
such as Soft Scrub™. The later may also be usezgitove surface paint blemishes that
may result from normal use.

The vapor shield of the booster drawer should ed/ionly with a very soft cloth such
as a microfibre polypropylene cloth, otherwise sxring of the surface may occur.
Other user accessible internal surfaces can baadeaith a damp cloth.

Standard Decontamination
Booster Pump

The booster drawer of the A5 module contacts oohg [©O2 and generally does not
require specific decontamination measures.

BPR

The BPR head contacts CO2, modifiers and sampleriaat To decontaminate, rinse
with 50% modifier flow at 5 mL//min for 15 minutésllowed by pure CO2 for 5
minutes.

Wash Pump

1. Drain the inlet line of old solvent.

2. Flush the inlet line and filter from a small intexchate reservoir to rinse
contaminated residual fluid from the lines

3. Insert the inlet line into a fresh supply of psvent

4. Prime the wash for 2 minutes [four consecutive sgs®f the 30 second timer] to
clear the remaining flow path.
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Plugged BPR Decontamination

Decontamination of plugged BPR heads may requineraggressive solvents. In this
case use the following procedure:

oA ONE

~

8.

9.

Depressureize the A5 unit completely.

Disconnect the BPR inlet and outlet tubes fromBR& drawer.

Attach the Inlet tube via a transfer line to waste.

Attach a solvent pump to the outlet tube of the BfeRd

Prime the pump with a suitable solvent for the nlzteéd material.

Flush backwards with strong solvent at 1 mL/minZ8rminutes. Do not exceed
a pressure of 400 bar.

If the pump cannot transfer fluid at less than B&0discontinue the operation
and perform steps to exchange the BPR head.

IF the backflush is successful, rinse the BPR he#tuIsopropanol for 10
minutes at 1 mL//min to clear the strong solvent.

Reconnect the BPR inlet and outlet lines.

10.Complete the standard decontamination procedussllebove

Preparing for storage or shipping

If the A5 module needs to be stored in other tisoperational location it is best to store
in the original factory packaging. This packagoag also be used to reship the device to
a secondary location. If the original packagingngavailable, the unit should be stored
upright and preferably covered in a plastic bag/i@p to prevent exposure to dust.

To prepare the unit for storage use the followinacpdure:

ONOOAWNE

9

Follow the standard decontamination procedure

Depressurize the SFC system completely

Power off the unit

Remove the front panel

Disconnect the wash pump transfer line from thesampler

Drain the Wash pump lines of fluid

Coil the lines to fit in the A5 module behind tlemovable front panel
Disconnect the Booster pump transfer line fromkimary pump at the pump inlet
check valve

Disconnect the BPR return line from the detector

10. Coil both lines to fit inside the A5 unit behindethremovable front panel
11.Replace the Front panel

12.Disconnect the power cord and all signal cablesfboth ends of the connection.
13. Store cables and cords in a large plastic zip hak

14.Cover the unit with a large plastic bag
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15.1f the original container is available, place thetwvith its left side down in the
packaging. Other wise store the unit upright e $torage area.

16.1f the HPLC will also be stored/shipped and willfeeonfigured as an SFC
system, the upgrade components may remain in gteray

17.1f the two systems are to be permanently separdteonstall the check valves,
modifier purge valve, 3 groove rotor and high poesdlow cell by reversing the
install procedures of Chapter 3. Store the compitsn&ong with the original
software disc and any upgrades with the module.
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APPENDIX
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A5 Consumable Parts

Table A.1

User Guide for the SFC FUSION A5

Part View P/N Description
AS Booster Drawer
00-73-1010 A5 Pump Seals; UHMWPE
A5-26-6010 A5 Seal Extractor Tool
Check Valve Cartridge; 0.125 ball
[fit all supplied Agilent and A5 CV
00-73-2010 holders]
00-73-2160 Check Valve Holder (A5)
No photo available A5-69-4010 A5 Pump transfer line
No photo available )A5-60-9050 CO2 Supply Line
No photo available A5 Inlet CV gasket
No photo available Booster Pump Piston Kit
No photo available CO2 inlet replacement filter cup
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AS BPR Drawer

No photo available IA5-69-4070 A5 Return transfer Line
No photo available 00-73-2060 \Wash Line Check Valve
No photo available \Wash Pump Check Valve
No photo available \Wash Pump Piston Kit
No photo available A5-69-4050 \Wash Solvent Supply Line
No photo available 00-77-2010 A5 Waste Bottle
No photo available 00-42-5030 Exhaust tubing, 6ft
No photo available IA5-63-0040 Heated Nozzle Assembly (New)
No photo available Heated Nozzle Assembly (Exchange)
No photo available IA5-69-4090 A5 Waste Line
Agilent Binary Pump
00-73-1020 Agilent Pump Seals
Check Valve Cartridge; 0.125 ball
[fit all supplied Agilent and A5 CV
00-73-2010 holders]
00-73-2140 Check Valve Holder (Outlet - Agilent)
Check Valve Holder Adapter
A5-21-2010 (Agilent - Inlet)
No photo available A5-60-2740 Lemo Adapter

No photo available

Modifier Purge waste Line

No photo available
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Modifier Purge Valve Rebuild Kit
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Agilent Autosampler

No photo available 00-73-3010 3-groove Rotor

No photo available 00-73-6020 Sample Loop, 5 uL

A5 Misc

No photo available D005 Passive Splitter Kit

No photo available IA5-69-4110 IAS Test restrictor

No photo available IA5-69-4060 A5 Leak Tray Waste Line
No photo available 00-41-0310 Union

No photo available 00-41-0200 Tee

No photo available Plug, SS, 10-32 fitting

No photo available \Valco Nut, pkg of 10

No photo available \Valco Ferrule, pkg of 10
No photo available Check valve frit

No photo available Plug, PEEK, 1/4-28 fitting
No photo available 00-83-5040 Fuse, 8.0A, 250V, slow blow
A5 Cables

No photo available 00-84-2040 Relay Cable, HD15M/F (VGA type), 6'
No photo available Remote Y Cable

No photo available 00-84-2020 BNC Cable

No photo available 00-84-2050 USA Power Cord

No photo available 00-84-2030 Remote Cable, DB9 M/M
No photo available 00-84-2090 USB Cable - 6'
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Table A.2
Physical Specifications for the SFC Fusion A5 Modul e

Physical

Weight 26 kg

Dimensions (h x w x d) 60 x 26 x 48 cm

Line voltage 10 — 240 VAC

Line frequency 50 or 60 Hz

Power consumption 700 VA Max

Operating temperature 15-30 °C

Non-operating temperature -40-70 °C

Humidity < 95 %, at 25 — 40 °C Non-condensing

Laboratory Ventilation minimum 6 air exchangedfirlab air; CO2
monitor recommended w/ alarm @5000 ppm

Exhaust Vent capacity >20 liters/min with sustainedative pressure

Operating Altitude up to 2000 m (6500 ft)

Non-operating altitude up to 4600 m (14950 ft)

Safety standards: IEC, NRTL
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Table A.3
Chemical Specifications for the SFC Fusion A5 Modul e
Chemical

Inlet CO2 Bulk Purity >99.99% vapor; >99.999% lidyiNote 1]

Inlet CO2 Phase vapor from non-diptube high pressylinder;
liquid from commercial CO2 delivery system

Inlet CO2 Supply Pressure 40 - 70 bar [ 580 1@016sI]

Inlet CO2 temperature 10-30C

Wash Solvent HPLC grade alcohol

Liquid Coolant 30% propylene glycol in deionizedtera
proprietary antioxidants; red dye added for safety

Coolant volume <300 mL

Note 1: Inlet CO2 purity to 99.9999% can be ackitfrom lower grades of CO2 [e.g USP grade] by sagonly
from the vapor phase of high pressure cylindetse fEsulting distillation purifies the CO2 of thast majority of UV

and MS active compounds that interfere with trataysis
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Table A4
Wetted Material Specifications for the SFC Fusion A 5 Module
Wetted Materials
High Pressure flow path 300 and 400 series stardez|
PEEK, Carbon filled PEEK
Teflon, PTFE, FEP, CTFE
UHMW PE
Ruby, sapphire, ceramic

Low Pressure flow paths

[Waste; Wash Pump;

Leak Tray] 316 Stainless steel
PEEK
Teflon, PTFE, FEP, CTFE
CPE; LDPE
Tygon PVC

Vapor Exhaust Tygon PVC
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Performance

Hydraulic system

Table A5
Performance Specifications for the SFC Fusion A5 Mo

dule

Single piston with proprietary oratontrol

Total Hydraulic Volume

<5mL @ pressure <70 bar
<25 mL @ pressure up to 400 bar

Chiller system

Thermoelectric cooling with seconydar
air/liquid cooling circuit

Back Pressure
Regulation (BPR) System

Low volume diaphragm tyjté wroprietary
drive control; replaceable BPR head assy; No
required recalibration after head replacement

Chiller temperature

- 20 to 9 C variable with flawd pressure
demand

Booster Pump Speed range

0 - 6000 steps/sec astggeate

Booster Pump Pressure range

100 - 400 bar upriénsin demand

Pressure pulsation

< 2 % amplitude at pump spe8d0 st/sec
and outlet pressure >100 bar

BPR Thermal range

40 -70 °C (104 - 158 F)

BPR Thermal precision

+1°C

BPR Pressure range

100 - 400 bar

BPR Pressure accuracy

Better than 2% after cablor&n host Pump

BPR Pressure precision

Better than +0.5 bar [B@r2ypical]
measured downstream of separation column

Control and data evaluation

Agilent ChemStationLiGrwith SFC Fusion
A5 driver; Aurora A5 Diagnostic Program

Analog in pressure monitoring

1V FS; one inputiga set by calibration to
host pump

Communications
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USB 2.0; APG Remote: ready, steop and
shut-down signals; relay contact closure [wash

pump only]
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Table A6
TEXT Listing of DEF_SFC.MTH
Method Control Parameters

Method Information

Method: C:\CHEM32\1\METHODS\DEF_SFC.M
Modified: 11/13/2009 at 12:17:30 PM

Run Time Checklist

Pre-Run Cmd/Macro: off
Data Acquisition: on
Standard Data Analysis: on
Customized Data Analysis: off

Save GLP Data: off
Post-Run Cmd/Macro: off
Save Method with Data: on

Agilent 1100/1200 Binary Pump 1

Control
Column Flow :0.000 mi/min
Stoptime : 1.00 min
Posttime : Off
Solvents
Solvent A 1 : 80.0 % (CO2)
Solvent B 1 : 20.0 % (MeOH)
PressureLimits
Minimum Pressure : 0 bar
Maximum Pressure : 400 bar
Auxiliary
Maximal Flow Ramp :  100.00 ml/min”2
Compressibility A : 0*10"-6/bar
Minimal Stroke A : Auto
Compressibility B :  130*10"-6/bar
Minimal Stroke B : Auto
Store Parameters
Store Ratio A : Yes
Store Ratio B : Yes
Store Flow : Yes
Store Pressure : Yes

Timetable is empty

Aurora Sfc Systems SFC Fusion A5 SFC |

nterface

Control
Stoptime : AsMethod
System Pressure : 200 bar
Nozzle Temperature : 60 C
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Agilent 1100/1200 Diode Array Det

ector SL 1

Signals

Signal Store Signal,Bw Reference,Bw [nm]

A: Yes 254 16 360 40
B: No 22516 360 40
C: No 250 16 360 40
D: No 27516 360 40
E: No 280 16 360 100
F: No 280 16 360100
G: No 280 16 360100
H: No 280 16 360100
K:  No Board Temperature
L:  No Optical Unit Temperature
M:  No UV Lamp Anode Voltage
Spectrum
Store Spectra : None
Time
Stoptime : As pump
Posttime . Off

Required Lamps

UV lamp required : Yes

Vis lamp required : No
Autobalance

Prerun balancing : Yes

Postrun balancing : No

Margin for negative Absorbance: 100 mAU

Peakwidth : > 0.05 min

Slit : 16 nm

Analog Outputs
Zero offset ana. out. 1: 5%
Zero offset ana. out. 2: 5%
Attenuation ana. out. 1: 1000 mAU
Attenuation ana. out. 2: 1000 mAU

Timetable is empty
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Agilent 1100/1200 Autosampler 1

Injection
Injection Mode : Injector Program
Injector volume : 15.00 pl
Optimization : none
Auxiliary
Drawspeed : 100 pl/min
Ejectspeed : 100 pl/min
Draw position : 0.0 mm
Time
Stoptime : As Pump
Posttime . Off

Injector program table

Row Action

NEEDLE down

CONTACT B CLOSED.

WAIT 0.10 min

CONTACT B OPEN.

VALVE bypass

DRAW 2.0 pl from air

DRAW def. amount from sample
DRAW 3.0 pl from air

EJECT max. amount into seat
10 VALVE mainpass + start pulse
11 CONTACT B CLOSED.

12 WAIT 0.10 min

13 CONTACT B OPEN.

©Coo~NOURAWNE

Agilent Contacts Option

Contact 1 : Open
Contact 2 : Open
Contact 3 : Open
Contact 4 : Open

Agilent Contacts Option Timetable

Timetable is empty

Agilent 1100/1200 Column Thermo

stat 1

Temperature settings

Left temperature . 37.5°C
Right temperature  :  40.0°C
Enable analysis : When Temp. is wit

Store left temperature :  Yes
Store right temperature: ~ No

Time
Stoptime : As pump
Posttime . Off

Column Switching Valve :  Column 1

Timetable is empty

hin setpoint +/- 0.5°C
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