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1

About this document

1.1  Warnings

Structure of Information Meaning

A WARNING This symbol alerts you to a dangerous situation. Failure to avoid the dangerous
Causes (/consequences) situation can result in a fatal or serious injury.

If necessary,consequences of norcompliance
(if applicable)
Corrective action

A\ CAUTION This symbol alerts you to a dangerous situation. Failure to avoid this situation
Causes (/conseguences) can result in minor or more serious injuries.

If necessary,consequences ohon-compliance
(if applicable)

Corredionti ve ac

This symbol alerts you to stuations which may result in damage to property.
Cause/situation

If necessary,consequences of noncompliance
(if applicable)

Action/ note

1.2

Tablel. Warnings

Symbols on the device

Symbol

Description

The LaserRadiation symbol is used to alert the user to the danger of exposure to hazardous visible laseadiation
when using the Raman Rxn4system.

The High Voltage symbolthat alerts people to the presence of electric potential large enough to cause injury or
damage. In certain industries, high voltage refers to voltage above a certain threshold. Equiment and conductors that
carry high voltage warrant special safety requirements and procedures.

The ETL Listed Mark providesproof of product compliancewith North American safety standards. Authorities Having
Jurisdiction (AHJ) and code officials acros the US and Canada accept the ETL Listed Mark as proof of product
compliance to published industry standards.

The WEEE symbobindicates that the product should not be discarded as unsorted waste but must be sent to separate
collection facilities for re covery and recycling.

The CE Markingindicates conformity with health, safety, and environmental protection standards for products sold
within the European Ecanomic Area (EEA).

1.3

Table2. Symbols

U.S.export compliance

The policy of Endress+Hauseris strict compliance with U.S. export control laws as detailed in the website of the
Bureau of Industry and Securityat the U.S. Department ofCommerce.

Endress+Hauser
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1.4  Glossary

Term Description

AC Alternating Current

ALT Alternate

ANSI American National Standards Institute
API Active Pharmaceutical Ingredient

ATX Advanced Technology eXtended

ATEX Atmosphere Explosible

AWG American Wire Gauge

°C Celsius

CAL Calibration

CDRH Center for Devices and Radiological Health
CFR Code of Federal Regulations

cm Centimeter

COLL Collection

CSM Calibration Switching Module

Csv Comma Separated Value

DC Direct Current

EMC Electromagnetic Compatibility

EO Electro-Optical

EPL Equipment Protection Level

EU European Union

EXC Excitation

FC Ferrule Connector

GLP Good Laboratory Practice

GMP Good Manufacturing Practice

HCA RamanCalibration Accessory

Hz Hertz

110 Input/Output

IEC International Electrotechnical Commission
INTLK Interlock

IP Internet Protocol

IPA Isopropyl Alcohol

1Q/0Q Installation Qualification/Operational Qualification
IS Intrinsically Safe

LED Light Emitting Diode

LVS Low Voltage Safety

mm Millimeter

MPE Maximum Permissible Exposure
Endress+Hauser 5
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Term Description

MT Mechanical Transfer

mw Milliwatt

NA Numerical Aperture

NAT Network Address Translation
nm Nanometer

NOHD Nominal Ocular Hazard Distance
OPC Open Platform Communications
QbD Quality by Design

p/n Part Number

PAT Process Analytical Technology
PCM Power Control Module

PDF Portable Document Format
RTU Remote Terminal Unit

SOP Standard Operating Procedure
SFC Spectrum

TCP Transmission Control Protocol
UA Unified Architecture

UDP User Datagram Protocol

UPS Uninterruptible Power Supply
USB Universal Serial Bus

\% Volt

w Watt

WEEE Waste Electrical and Electront Equipment

Table 3. Glossary
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2

2.1  Requirements for the personnel

A Installation, commissioning, operation, and maintenance of the measuring system may be carried out only by
specialy trained technical personnel.

A The technical personnel must be authorized by the plant operator to carry out thespecified activities.

A

A

A

The technical personnel must have read and understood these Operating Instructions and must follow the
instructions contained herein.

The facility must designate a laser safety officer who ensures staff are trained on all Class 3Baker operating and
safety procedures.

Faults at the measuring point may only be rectified byproperly authorized and trained personnel. Repars not
described in this document must be carried out only directly at the manufacturer's site or by the service
organization.

2.2  Designated use

The Raman Rxn4analyzer isrecommendedfor use in the following applications:
A Chemical: Reaction monitoring, blending, feed, and final product monitoring
A Polymer: Polymerization reaction monitoring, polymer blending

A Pharmaceutical: Active Pharmaceutical Ingredient (API) reaction monitoring, crystallization, polymorph, drug
substance production unit operation

A Oil and Gas:Any hydrocarbon analysis

Use of the devicefor any purpose other than that described, poses a threat to the safety of people and of the entire
measuring system and invalidates any warranty.

2.3  Electrical safety
As the user, you are responsible for comfying with the following safety conditions:
A Installation guidelines.

Electromagnetic compatibility according to locally applicable standards and regulations.

A

A The product has been tested forelectromagnetic compatibility in accordance with the applicableinternational
standards for industrial applicati ons.

A

The electromagnetic compatibility indicated on equipment or in documentation applies only to a product that has
been properly connected.

2.4  Operational safety
Before commissioning the entire measuring pdnt:

1. Verify that all connections are correct.
2. Ensure that electrical cables and optical fiber connections arenot damaged.

3. Do not operate damaged products, and protect them against unintentional operation e.g, disconneded from
power sources

4. Clearlylabel damaged products as defective.
During operation:

1. If faults cannot be rectified: products must be taken out of service and protected against unintentional operation
e.g., disconnected from power

2. Keep the door closedand properly sealedon the optional enclosure when not carrying out service and
maintenance work.

A\ CAUTION
Activities while the analyzer is in operation  introduce potential risk of exposure to hazardous materials.
a  Follow standard procedures for limiting exposure tohazardouschemical or bidogical materials.

Endress+Hauser 7
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a  Follow workplace policies on personal protective equipment including wearing protective clothing, goggles, and
gloves and limiting physical access to analyzerdcation.

a  Clean any spills using the appropriate site policies on cleaning proedures.
A\ CAUTION
Risk of injury from analyzer door stop mechanism

a If the optional analyzer enclosure needs to be opead, always open theenclosuredoor fully to ensure the
doorstop engages properly.

2.5  Lifting provisions for the Raman Rxn4

The Raman Rxn4is not provided with integrated handles intended to support the entire weight of the base unit. The
front mounted rack handles are only meant for use in sliding the base unit in and out of the rack in which it is
installed. The rear mounted fiber strain relief brackets are NOT intended for use as lifting handles. The base unit is
intended to be lifted and movedin its horizontal orientation , by two people. One person should be oreither side of
the base unit, each supporting the base unit with two hands abng the bottom edge of the base unit.

A\ CAUTION

a  Two people are required to lift and move the Raman Rxn4 instrument.

The Raman Rxn4 is designed to be lifted and moveth its horizontal orientation, by two people, one on either side of
the analyzer, lifting from only the bottom edgeof the base unit.

A\ CAUTION
a  Disconnect fiber cablesfrom the RamanRxn4 whenevermoving the base unit.

2.6  Product safety

The product is designed to meetocal safety requirements for the intended application, and has been tested
accordingly, leavingthe factory in a condition in which it is safe to operate. All applicable regulations and
international standards have been observed. Devices connected to the analyzer muatso comply with the applicable
safety standards. Sed aser safetyfor additional details on laser safety.

2.7  Important safeguards

A Do not use theRaman Rxn4for anything other than its intended use.

A Do not drape thepower cord over counters on hot surfaces or in areas where damage to the integrity of the
power cord may occur.

Do not open the Raman Rxn4unless you have been specifically training on service and maintenance of the unit.
Do not look directly into the laser beam
Do not allow emitted laser light to reflect off of mirrored or shiny surfaces in an uncontrolled way.

Minimize the presenceof shiny surfacesin the working areaand always use a laser beam blocko prevent
uncontrolled transmission of the laser light.

A Do not leave unused probes uncapped or unblocked, whiléhey are still attached to the analyzer.
A Probe shutter on the Rxn10 probe should always be in theOFFposition when probe is not in use.

2.8  Health and safety considerations

I't is the wuser ds r espon syiwihiall applicabletsafetyueguatonss whiehhwill vaayn d ¢ o mp |
depending on the installation location of the analzyer. Endress+Hauser takes no responsibility fodetermining a

complete list of safe operating practicesat any given installation site, and leavesthat responsibility to the local user

or owner of the equipment.

However, the following actions and laser safety precautions must always be observed whilesing the Raman Rxn4

A The Raman Rxndis a Center for Devices and Radiological HealtifCDRH) Class 3B device. The user should wear
appropriate eye protedion in areas whereexposure to the laser lightis possible.

A The Raman Rxn4should only be used ina location with a suitable and stable power supply.

A If an interlock is required to meet local safety regulations, all entryways to the room or area housing theRaman
Rxn4 analyzer must be fitted with clearly visible warning signs on doorsand entryways into the Class 3Baser
area.

8 Endress+Hauser
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2.9  Safety and handling notice

Raman Rx4 analyzers incorporate a 532 nm, 785 nm, or 993 nm laser excitation source. Take the following
precautions when handling the analyzer and prolkes when the laser iSON:

A Before making fiber connections and probe inspections, se the key on the front of the Raman Rxn4 to urn OFF
the laser power.

A If using an Rxn-10 probe, turn laser output shutter to the OFFposition before the removal or attachment of
optics (see Figure 1)

A Do not look directly into the fiber probe output (when the optic is disconnected) orthe output (window) of any
probes. If an Rxn-10 probe is found with no optic or probe attached & turn laser output shutter on the Rxn-10
probeto OFF oruse the key on the front of the Raman Rxn4 to turnthe laser power to OFF.

OFF

?@

ON ofNMto
O

Figure 1. Rxn-10 probe showing the ON and OFFshutter positions

o Handle probes and cables with care. Fiber cables should NOT be kinked astiould be routed to maintain
minimum bend radii (~ 6 inches). Permanent damageto the cablesmay result if they are bent beyond the
minimum radius.

2.10 Laser safety

Laser light presents special safety hazards not associated with other lighsources. All laser users, and others present,
need to be aware of the special propertiesand dangers involved in laser radiation. Familiarity with the Raman Rxn4
and the properties of intense laser radiation will aid in the safe operation of the Raman Rx4. The Raman Rxn4may
contain a 532 nm, 785 nm, or 993 nm laser. Refer to your system speification information to determine which laser
you have.The combination of intense monochromatic light concentrated in a small area means that, under certain
conditions, exposure to laser light is potentially hazardous. In workplace environments, a lasesafety program
provides environmental, training, and safety controls which may reduce the risk of laserrelated injuries and/or
workplace damage.For more assistancewith taking appropriate precautions and setting the proper controls when
dealing with lasers and their hazards, refer to the most current version of ANSI for Safe Use of Lasers Z136.1. The
Raman Rxn4analyzer has hardware safety controls to reduce the ri& of laser-based injuries including an interlock
and a spring-loaded protective cap coveriny the laser output of the fiber-optic cables.

The beam is routed from the rear panel of the instrument via a fiber optic patchcord. In the unlikely event that the
fiber optic probe cable is removed, the interlock is overridden, and the springoaded protective cap is overridden,
there will be a laser beam exiting the analyzer unit. This beam has a beam diameter of 103 um and &lumerical
Aperture (NA) of 0.29.

Endress+Hauser 9
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Table 4 provides the fiber core size and mode and the nominal ocular hazard distance equation for the case of laser
exiting directly from the analyzer unit.

Base Unit Used Fiber Core Size and Mode | Nominal Ocula r Hazard Distance (NOHD) Equation
RamanRxn4 Standard 103 pm multi -mode (NA =0.29) rnono=1.7/NA( &/ UMPRE)
multimode equation

MPE at 532 nm continuous viewingd 1 x 103 W.cm2
MPE at 785 nm continuous viewing d 1.479 x 10-3 W-cnm?
MPE at 993 nm cantinuous viewing & 3.854 x 103 W.cm2

a4 = Maximum Power in Watts (W)

Table4. Laser safety

Another nominal hazard zone calculation needs to be performed to account for the scenario when the analyzer is
equipped with a probe. Degnding upon the probe utilized, the beam diameter, numerical aperture of the fiber

optical cable to the probehead and focusing characteristics of the probehead, the nominal hazard zone calculation
will change depending upon if the potential exposure pointis at the tip of the probe or at a broken optical fiber. Refer
to the specifications section in the pertinent Endress+Hauser Raman probe operating instructions for the appropriate
information to complete the nominal hazard zone calculations pertaining to other exposure points.

A\ CAUTION

o Laser beams can cause ignition of certain substances such as volatile chemicals. The two possible mechanisms
for ignition are direct heating of the sample to a point causing ignition and the heating of a contaminant (such
as dust) to a critical point leading to ignition of the sample.

A WARNING

a  The Raman Rxn4uses a Class 3B laser as defined in ANSI Z136.1. Direct eye contact with the output beam from
the laser will cause severe damage and possible blindness.

a  Use of controls or adjustments @ performance of procedures other than those specified in this manual may
result in hazardous radiation exposure.

For more assistance on appropriate precautions and setting the proper controls when dealing with lasers and their
hazards, refer to the most airrent version of ANSI for Safe Use of Lasers 2136.1.

2.10.1 Optical safety

The Raman Rxndis outfitted with a Class 3B laser. Lasers at 785 nm and 993 nm present further safety concerns
because the radiation is nearly invisible. Always be aware of the initial direction and possible scattering paths of the
laser. The use ofOD3safety glasses § highly recommended for 532 nm and 785 nm excitation wavelengths and OD4
for a 993 nm excitation wavelength.

Figure 2. Lasersafety glasses

2.10.2 Electrical safety

The Raman Rxn4utilizes AC and DC voltages inside the enclosure. Do not disassengbthe laser enclosure as there
are no serviceable parts inside the laser assembly. Only qualified personnel familiar with high voltage electronics
should open the system enclosure to perform necessary maintenance or service.

10 Endress+Hauser
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2.10.3 CDRH compliance

The Raman Rxndis designed and built to meet the laser performance requirements of 21Code of Federal
Regulations (CFR), Chapter |, Subchapter (J) and is registered with the CDRH.

The product report for the Raman Rxn4can be found under accession number 1110121000.

2.10.3.1 Protective housing

The Raman Rxn4is enclosed in a protective housing to prevent human access in excess of the limits of Class |
radiation as specfied in U.S. 21 CFR Section 1040.10 (f) (1) except for the output, which is Class 3B.

2.10.3.2 Remote interlock connector

The Raman Rxndis supplied with a remote interlock connector for each channel. Tis connector allows the operator
to utilize an external interlock circuit in conjunction with  Raman Rxn4operations. Design and function of an external
interlock circuit should meet the capability and intent of the most current revision of the ANSI Z2136.1 Standard. No
laser radiation for a particular channel is emitted unless both the fiber and remote interlock connectors are
connected.

2.10.3.3 Key control

The Raman Rxn4utilizes a key control system. The laser radiation will not be accessibleintil the system key switch

is in the ON position. The key cannot be removed when the switch is in theON position.

2.10.3.4 Compliance labels

The Raman Rxn4analyzer is certified to comply with the U.S. Federal Regulation 21 CFR, Chapter |, Subchapter (J), as
administered by the CDRH.

2.10.4 WEEE directive compliance

The Raman Rxn4complies with the Waste Electrical and Electronic Equipment(WEEE) Directive 2012/19/EU. The
WEEE Symbol shown below is placed on all WEEEompliant assemblies.

Figure 3. WEEE symbol

I f no other means of disposal ar eBaowkad | daibd peq s &EIn dp resgsr+aHr
participate in the 0Take Ba cEkndresstHaupepas@portposi@andressatponfop| e a s
further assistance.

2.10.5 Specific conditions of use

1. The fiber optic cable shall be installed so that the minimum bend radius specified by the cable manufacturer is
maintained.

2. Sometimesit is necessary to monitor the level of a liquid processsample to ensure that the optical beam is not
inadvertently exposed to a potentially explosive atmosphere In these situations, the devices used to monitor the
level shall be intrinsically safe or classed as simple apparatus, or be installed so as to provide a fault tolerance of
2 for Equipment Protection Level (EPL) Ga equipment or a fault tolerance of 1 for EPL Gb equipment. The
functional safety of this arrangement has not been assessed as part of tk certification for the Raman Rxn4
analyzer and it is the responsibility of the installer to ensure that an appropriate mechanism is in place.See
Hazardous Area Certificationfor more information.

3.  Where Intrinsically Safe (IS) galvanic isolators are added to the main enclosure in order to produce IS signals to
external apparatus not covered by this certification, the IS galvanic isolators shall have an ambient working
temperature upper limit of at least 55°C. The IS parameters pertaining to these isolators shall be conveyed to the
user in an appropriate manner. ThelS nature of any such circuits has not been assessed as part ofgh
certification for the Raman Rxn4 analyzerand this certificate is not to be taken as indication that these IS circuits
comply with relevant requirements.

Endress+Hauser 11
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3 Product description

3.1 The Raman Rxn4 analyzer

Raman spectroscopy provides the chemical specificity of midR spectroscopy and the sampling simplicity of neariR
spectroscopy. By operating in the visible or neatinfrared spectral region, Raman spectroscopy allows vibrational
spectra to beeasily collectedin situ, using fiber-optic coupled probes, without sample chamber purging, and without
the use of sample conditioning systems.There are three possible configurations of the Raman Rxn4analyzer: single
channel, four channel, and Hybrid. The unique characteristics of each are dscribed in sections 3.1.1 to 3.12.
Features common to allRamanRxn4 analyzer configurations include:

1 Custom Raman RunTimeanalyzer control software operating on an embedded controlleris located inside the
analyzer housing.

1 The ability to perform atwo-point internal self-calibration processwhenever necessary

1 Self-diagnostic tools and spectral correction methodsare usedto maintain high performance, when internal
system calibration is unnecessary.

1 A unique self-monitoring system to ensure the validity of each analysis.

1 The ability to directly transfer methods and chemometric modelsbetween instruments, owing to the high
precision and reproducibility of the analyzer.

1 Installation flexibility with remote probe sampling points connected bya single fiber optic cable.
1 Compatible with the entire Endress+Hauser line of Raman fiber optic probes andptical accessories

3.1.1 The Raman Rxn4 single channel and four channel analyzer

The Raman Rxn4single channel analyzer offers one fiber-optic probe connection for the accurate measurementof a
single point in a continuous or batchprocess The Raman Rxn4four channel analyzer is similar, except up to four
channels can be configured to sequentially measure up to four different in situ sample points in continuous or batch
processesin the life sciences, chemical oil & gas,and food & beverage industries. With the Raman RunTime software
running on the embeddedcontroller, the Raman Rxn4single channel and four channel analyzers meet the needs of
both Good Laboratory Practice (GLP) and Good Manufacturing Practice (GMP) governed areas it the
pharmaceutical industry for Process Analytical Technology(PAT) and Quality by Design(QbD) applications.

Raman Rxn4single channel or four channel analyzers can be configured with a 532 nm, 785 nm, or 993 nm
excitation wavelength laser.

3.1.2 The Raman Rxn4 Hybrid analyzer

The Raman Rxn4Hybrid analyzer is configured with two fiber-optic sampling probe connectorsone Rxn-20 probe
channel and one Alternate (ALT) non-Rxn-20 probe channel. TheRaman Rxn4Hybrid analyzer is a unique Raman
analyzer because it features theRxn-208based large volumetric Raman proben addition to a backscatteed Raman
probe. These two probe types enable a variety of applications for solids, liquids, and turbid media. A backscaited
immersion probe is the preferred approach for measuring liquids because of its short focus, optical window, and
bubble-shedding design. The Rxn-20 probe is optimized for large volumetric measurements, enabling focusfree,
non-contact representative measurements of solids or turbid media. Since theRaman Rxn4Hybrid is equipped with
these two probes, this analyzer provides maximal sampling flexibility for in situ analysis of continuous or batch
processes With Raman RunTimeanalyzer control software running on the embeddedcontroller inside the analyzer,
the Raman Rxn4Hybrid analyzer meets the needs of both Good Laboratory Practice (@) and Good Manufacturing
Practice (GMP) governed areas within the pharmaceutical industry forProcess Analytical Techndogy (PAT) and
Quality by Design(QbD) applications.

The Raman Rxn4Hybrid analyzer is only available with a 785 nm excitation wavelength laser.

12 Endress+Hauser
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3.2 Raman RunTime software overview

Raman RunTime enbedded software is the control platform for the suite of Raman Rxnanalyzers. Raman RunTime
software is intended for easy integration with standard multivariate analysis and automation platforms to enable a
real-time, in situ process monitoring and contrd solution. Raman RunTime presents an OPC and Modbus interface,
which provides clients with analyzer data as well as analyzer control functions. Raman RunTime is fully embedded
into Raman Rxn analyzers.

The main view of Raman RunTime displays four quadrarg for four channel analyzers, one for each probe and a
status bar (bottom) for a quick view of warnings and acquisition status. Single channel analyzers display only one
main channel/probe window, while Hybrid analyzers display two channel/probe windows, one for the Rxn-20 probe
channel and one for the non-Rxn-20 probe channel ALT. Batch details are accessed and edited from each
corresponding quadrant/probe window. To switch back and forth between the main view and batch detail views, click
the Title Bar for each probe/quadrant. Views of current spectrum vs. process valuegnodel results) can also be
easily swapped by clicking on theQuadrant/Probe window display. Additional features, such as system settings,
calibration and diagnostics, are found under theOptions section on the lower left corner of the screen.

Stream A | Stream B

Component A (%) Component A (%)
Component B (%) Component

Component C (%) Component C (%)

nu ISLS?SQS mu 178:57'|54

3 Stream C = Stream D

Component A (%) Component A (%)

Component B (%) c ent B (%)

Component C (%) Component C (%)

Options

Raman Analyzer

Figure4.Ra ma n R u mdin vieve id & Raman Rxrfour channel analyzer

a  Wheneverthe Raman Rxn4analyzer main power switch and laser key arein their ON position, probesshould be
shuttered or covered, orremain immersed in the sample to be measured

NOTICE

o  SeeOperationfor more information about working with the Raman RunTime software.
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3.3

3.3.1

Product design

Front panel

On the front panel of the instrument are the standard user interfaces. These include the mainON/OFF power switch,
the laser ON/OFF key switch, Light Emitting Diode (LED) indicators, and one Universal Serial Bus(USB 3.0 port.
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Figure 5. Front panel of aRaman Rxn4four channel analyze

Name

Description

Main Power Switch

The main power switch turns the instrument on and off, which includes the laser regardless
of the position of the laser key switch. The Power push button incorporates aBlue LED in
the shape of a power symbol, which indicates the system power statugall components are
powered when lit). The Power push button will communicate error conditions using blink
codes when embedded softwards not able to communicate them.

To turn the instrument on, press and release thePower button once. To turn a responsive
instrument off, shut down using Raman RunTime. If the instrument is unresponsive, it may
be powered down using a long 10 second presand hold of the Power button.

Probe Connection Status
Indicators

The bank of Yellow LED indicatorsabovethe laser keyand USB 3.0 port indicates the
physical connection status ofeachprobe. The LED is lit when thecorresponding probe is
properly connected. While the Raman Rxn4four channel analyzer front panel has four LED
indicators, the front panel of the Raman Rxn4Hybrid analyzer has only two LED indicators,
and the front panel of the Raman Rxn4single channel analyzer has only one LED indicator.

Laser Key Switch

The laser key switch turns the laser on and off. TheRed LED indicator adjacent to the laser
key switch indicates the laser power status. To activatethe laser, turn the laser key switch to
the ON position. The Red LED indicator shouldemain lit whenever the laser is ON.

USB 3.0 Port

The USB 3.0 port is intended to obtain diagnostic exports from the insrument using a USB

flash drive.
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3.3.2 Rearpanel

On the rear panel of the indrument are the standard ports. These include touchscreen, USB, ethernet, serial, and
video ports.

W i

1 D 4

TOUCHSCREEN

DISPLAY

: = -, :

RS-485

— 1 @ -
3

NETWORK 1 NETWORK 2
< <
Figure 6. Rear external circuit input/output panel of a Raman Rxn embedded analyzer
# | Label Interface Format Description
1 | TOUCH&EREEN USB2.0 Port Input from touchscreen.
2 |AUX USB2.0 Port Reservedfor future use.
3 |[NETWORK 1 and |Two 1GBTCP/IPEthernet Ports Ethernet connection for OPC andVodbus
NETWORK 2 communication and automation.
4 | DISPLAY Mini DisplayPort Video connection for optional touchscreen.
RS485 DB9 connector for 2-wire, half-duplex Modbus Modbus RTU interfaceconnection.
RTUinterface.
Pin 2 is Data+ Pin 3 is Data-, and Pin 5 is ground.

Table6. Raman Rxndports
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3.3.3 Rear panel d Rxn4 single channel and Rxn4 four channel analyzers
All normal system Input/Output (1/O) is located at the rear of the base unit. This includes:

A EO fiber connector/electrical connections for up to four remotely installed probes for the four channelRaman
Rxn4 analyzer (single channel analyzers have only one probe connection). The electrical connection contained
within the fiber optic cable assenbly is an intrinsically safe wire loop that acts as an interlockcutting power to
the laser upon breakage.

Four remote interlock connections for the four channel Raman Rxn4analyzer (only one for the single channel
configuration), each intrinsically safe and in series with the fiber breakage detection loops described in previous
bullet.

Two TCP/IP Ethernet ports for OPC and Modbus automation as well as remote control.

One serial R$485 port for Modbus automation.

One Mini Display Port for local display (optional).

Two USB2.0 Type A ports, one for local touchscreen ¢ptional) and one reserved for future use.
AC power inlet, C13 plug required.

b

To o Do Do Do

A\ CAUTION
o Care must be taken to make the bend radii of fiber optic cable breakouts as large as possible (mmum of 6
inches) with NO kinks and minimal strain on the jacketing and connectors.

3.3.4 Rear panel 8 Rxn4 Hybrid analyzers
All normal system 1I/O is located at the rear of Raman Rxn Hybrid analyzers. Thigncludes:

A Fiber optic connectors/electrical connection for one remotely installed Rxn-20 probe. The electrical connection
contained within the fiber optic is an intrinsically safe interlock loop which will turn off the laser for the Rxn-20
probe in case offiber breakage. All connections are protected by a cover secured to the rear panel wittwo
socket head cap screws.

A EO fiber connector/electrical connection for one remotely installed ALT probe. The electrical connection
contained within the fiber optic i s an intrinsically safe interlock loop which will turn off the laser for the
alternate probe in case of fiber breakage.

Two remote interlock connections for the Rxn-20 and ALT probes, each intrinsically safe and in series with the
fiber breakage detectionloops described in previous bullets.

Two TCP/IP Ethernet ports for OPC and Modbus autortéon as well as remote control.

One serial R$485 port for Modbus automation.

One Mini Display Port for local display (if needed).

Two USB2.0 Type A ports, one for Iccal touchscreen (if needed) and one reserved for future use.
AC power inlet, C13 plug required. SeeTechnical Datafor power requirements.

)

To o Do Do o

A\ CAUTION
a  Care must be taken to make the bend radii of fiber optic cable breakouts as lagas possible with NO kinks.

3.4  Probe connectors
The probes are connected to the base uniat the connection panel located on the rear of the base unit.

For single channel or four channelRaman Rxn4configurations, as well as the Alternate (ALT) probe channd of the
Raman Rxn4Hybrid configuration, each channel employs a single robust ElectreOptical (EO) connector which
contains excitation and collection fiber-optics as well as an electrical laser interlock loop. The interlock contained
within the probe fibe r-optic is a low voltage and current loop designed to detect fiber cable breakage and Witurn
laser emission off for that channel in the event of a break. Ensure latch is engaged after inserting EO fiber connector.

For the Rxn-20 channel of the Raman Rxrl Hybrid instrument, the main fiber optic bundle is furcated into three FC
fiber optic connectors and one electrical interlock loop connector. The FC fiber optic connections are used for laser
excitation, Raman scatter collection, and autecalibration. The interlock loop contained within the probe fiber -optic is
a low voltage and current loopdesigned to detect fiber cable breakage and will turn laser emission off for theRxn-20
probe in the event of breakage.
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4 Incoming product a cceptance and identification

4.1 Incoming acceptance
1. Verify that the packaging is undamaged. Notify the courier of any damage to the packaging. Keep the damaged
packaging until the issue has been resolved.

2. Verify that the contents are undamaged. Notify the supplier of any damage to thedelivery contents. Keep the
damaged goods until the issue has been resolved.

Check that the delivery is complete and nothing is missing. Compare the shipping documents with gur order.

4. Pack the product for storage and transportation in such a way that itis protected against impact and moisture.
The original packaging offers the best protection. Make sure to comply with the permitted ambient conditions.

If you have any questbns, please contactEndress+Hauser atsupport.kosi@endress.confor further assistance.
Incorrect transportation can damage the analyzer
o  Always use a lifting truck or a fork-lift to transport the analyzer.

4.1.1 Nameplate
The nameplatelocated on the rear of the Analyzer provides the following information about your device:

Manufactuer Contact Information
Laser Radiation Notice
Electric Shock Notice
Model Number

Serial Number
Wavelength

Maximum Power

Build Month

Build Year

Patent Information
Cettification Information

To To Do To Po To Io Do Do o o

Compare the information on the nameplate with the order.

4.1.2 Identifying the product
The order code and serial number of your product can be found in the following locations:

A On the nameplate.
A Inthe delivery papers

4.1.3 Manufacturer address
Endress+Hauser 371 Parkland Plaza, Ann Arbor, MI 48103 USA

Endress+Hauser 17
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4.2  Scope of delivery
The scope of deliverycomprises:

Raman Rxn4analyzer in the configuration ordered
Raman Rxn4Operating Instructions

Raman Rxn4Certificate of Product Performance
Local declarations of conformity, if applicable
Certificates for hazardous zone use, if applicable
Raman Rxn4optional accessories, if applicable

To Do Do Do Do Do

If you have anyquestions regarding the items delivered, or if anything appears to be missing, pleasecontact
Endress+Hauser atsupport.kosi@endress.confor further assistance.

4.3  Certificates and approvals

The Raman Rxn family of base analyzer units are Gkarked as being compliant with the low-voltage safety
directive, as well as applicable laser eye/skin safety andards 21 CFR 1040 LVS [low voltage safety] directive
2014/35/EU, EMC [electromagnetic compatibility] directive 2014/30/EU and IEC 60825 -1 laser safety standard.

The Raman Rxn4base unit has been certified for installation in a non-hazardous area with ouput into explosive
atmospheres under the ATEX Directive, IECEX, and the applicable North American standardSeeHazardous Area
Certification for more information.
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5 Installation

5.1 Raman Rxn4 Analyzer with enclosure

a Itis required that a trained representative of either Endress+Hauser or one of its authorized representatives be
present for both initial inspection and installation of your Raman spectrometer system.
5.1.1 Site requirements

It is required that the customer provide a space of not less than 8 inches (205 mm) in the front top, bottom, and sides
of the analyzer enclousure.

The specific dimensions of the analyzer are listed in theSpecifications. If the unit is to be mounted in a user-provided
enclosure, the enclosure must allow for adequate airflow and temperature transfer. Se&/entilation and Temperature
for more inform ation.

5.1.2 Electrical power

The supply voltage is r&eommended to be regulated and free of voltage spikes. It is recommended, but not required,
that an Uninterruptible Power Supply (UPS) be used with the instrument.

For a Raman Rxn4 with Enclosure, theenclosure should be wired with power adhering to local dectrical codes and
standards. Refer to specifications table for acceptable voltage and frequency ranges
5.1.3 Location

Itis recommended thatthe Raman Rxndwi t h encl osur e be | »edpositod onsarevel surtase, c a |
or mounted securely an a wall or rack following local standards. The location selected should be isolated from excess
vibrations.

5.1.4 Ventilation

The location selected should allow for adequate entilation to both the front and rear of the enclsure. A space of not
less than 8 inches (205 mm) must be provided on the left side of analyzer enclosure (as viewed from the front of the
analyzer) for proper inlet and outlet air movement for the air condit ioning unit.

5.1.5 Temperature

The Raman Rxn4 with Enclosure is designed to operate within a temperature range of 5 to 50°C within the enclosure.
The unit uses an airconditioner unit to maintain temperature for the analyzer below its maximum operating
temperature.

5.1.6 Relative humidity

The Raman Rxn4with enclosure allows the system to operate to a maximum relative humidity range of up to 80% for
temperatures up to 31°C and decreasing lineary to 20% at 50°C outside the enclosure.

5.1.7 Sunlight and lig hting

The Raman Rxn4 withenclosureand its associated probehead should be installed in a location protected from direct
sunlight. A three-sided shelter or an appropriate sunshade should be used if needed to avoid direct sunlight on the
Rxn4 encloure. In aldition, if the probehead is not installed in a supplied sample compartment, the optic attached to
the probehead should be installed in a location protected from direct fluorescent, LED, and incandescent lights.
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5.2 Raman Rxn4 Analyzer mounted in a computer o r server rack

a ltis required that a trained representative of either Endress+Hauseror one of its authorized representatives be
present for both initial inspection and installation of your Raman spectrometer system.

5.2.1 Site requirements

It is required that the customer provide a space of not less than 8 inches (28 mm) in the front top, bottom, and sides
of the computer or server rack.

The specific dimensions of the analyzerare listed in the Specifications See alsoVentilation and Temperaturefor more
information.
5.2.2 Electrical power

The supply voltage is recommended to be regulated and free of voltage spikes. It is recommended, but not required,
that an Uninterruptible Power Supply (UPS) be used with the instrument.

For aRaman Rxn4 the computer or service rackshould be wired with 100-240 VAC power adhering to local
electrical code and standards!n a hazardous area, appropriate seals should be poured at thbulkhead adapters.
Internal power to components is already complete.

5.2.3 Location

It is recommended that the Raman Rxn4computer or server rackbe located onin a fixed posiition, on a level surface
following local standards. The location selectedshould beisolated from excess vibrations

5.2.4 Ventilation

The location for the computer or server rackshould allow for adequate ventilation to both the front and rear of the
rack. A space of not less than 8 inchesZ05 mm) must be providedon the left side of analyzer (as viewed from the
front of the analyzer) for proper inlet and outlet air movement.

5.2.5 Temperature

The Raman Rxn4is designed to operate within a temperature range of +5 °C to +35 °@hside the computer or server
rack.

5.2.6 Relative humidity

The Raman Rxn4 is designed to operate within an ambient relative humidiy range of 20 to 80%, non-condensing.

5.2.7 Sunlight and lighting

The Raman Rxn4with computer or server rackand its associated probehead should bénstalled inside a climate-
controlled general purpose area, without anydirect sunlight through windows, etc. In addition, if the probehead is
not installed in a supplied sample compartment, the optic attached to theprobehead should be installed in a locéion
protected from direct fluorescent, LED,and incandescent lights
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5.3 Raman Rxn4 Analyzer on a benchtop

a Itis required that a trained representative of either Endress+Hauseror one of its authorized representatives be
present for both initial i nspection and installation of your Raman spectrometer system.

5.3.1 Site requirements

It is required that the customer provide a space of not less than 8 inches (26 mm) in the front, top, back, and sides
of the Rxn4 analyzer outer casing.

The specific dimensims of the analyzerare listed in the Specifications If the unit is to be mounted in a userprovided
enclosure, the enclosure must allow foradequate airflow and temperature transfer. SeeVentilation and Temperature
for more information.

5.3.2 Electrical power

The supply voltage is recommended to be regulated and free of voltagspikes. It is recommended, but not required,
that an Uninterruptible Power Supply (UPS)be used with the instrument.

Up to three (3) 15 to 20-Amp receptaclesare needed (double gang box) to plug in the main analyzer unit, the
optional touchscreen for the local HMI, and potentially a calibration accessoryFor aRaman Rxn4the receptacles
should supply 100-240 VAC power adhering to local electrical code and standards.

5.3.3 Location

It is recommended that the Raman Rxn4 be located in a fixed psition on a level surface. The location selected should
be isolated from excess vibrations, and be able to accommodate the ambient conditions as specified below.

5.3.4 Ventilation

The location selected should allow for adequate ventilation to bah the front and rear of the base analyzer.

5.3.5 Temperature

The Raman Rxn4 is designed to operate within a temperature range of +5 to +35 °C while sitting oa benchtop.

5.3.6 Relative humidity

The Raman Rxn4 is designed to operate within an ambient relative humidity range of 20 to 80%non-condensing.

5.3.7 Sunlight and lighting

The Raman Rxnd4its associated probehead should be installed in a location protected from direct sunlighthrough
windows or skylights. In addition, if the prob ehead is not installed in a vendor-supplied samplecompartment, the
optic attached to the probehead should be installed in a location protected from direct fluorescent LED,and
incandescent lights.
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5.4 Initial analyzer setup

5.4.1 Installation of Raman Rxn4 analyzer

Endress+Hauser requires in some cases, that installation and initial analyzer setup be performed only by trained
service professionals from Endress+Hauser or its affiliatedrepresentatives. This section provides only a basic
overview of the analyzer setup process, and does not facilitate a full onsite installation or IQ/OQ. For 1Q/OQ, it is
required that a trained representative from Endress+Hauser or one of its authorizedrepresentatives be present for
both initial inspection and ins tallation of the Raman Rxn4analyzer. Prior to the installation, prepare the site per the
requirements in Section 5.1.

5.4.2 Connecting the touchscreen monitor

1. Connect a touchscreen monitor to theDisplay and Touchscreen USBports on the back of the instrument.

Figure 7. Touchscreen display connections

5.4.2.1 For single channel, four channel, and Hybrid analyzers

Raman Rxn4single channel, four channel, and Hybrid (ALT channel only) analyzers utilize a unique fiberoptic

connector with integrated electrical laser interlock loop. The EO fiber connector on theRaman Rxn4analyzer is
referredtoas t he -didekeerd ceonneichor .cdmree ECof on the probe fiber
sided connect or . -Bileeconneotsr usesiamiategtatedispringloaded cap that will protect the

internal fibers from contamination.

To ensure optimal performance, it is recommended that you follow the steps below to properly clean and install a
fiber optic cable assembly.

1. Remove cover from probe fiber cableside connector.

e ®

Figure 8. Electro-optical fiber connection cover

2. Clean fiber tips of cable-side connector prior to installation if cleanliness of fiber tips is unknown.

o First use a lens wipe very lightly saturated with a solvent, such as reagent grade acetone or 1009sopropyl
Alcohol (IPA) followed by afinal clean with a 1.25 mm fiber cleaning tool. Do not use the same wipe for both
fiber tips.

o0 Swipe the fiber tip once with the damp portion of the wipe, then swipe once more with a dry portion of the
same wipe.Repeat for both fiber tips.

Figure 9. Cleaningelectro-optical fiber connection
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3.

Next, use an IBC 1.25 mm ferrule cleaner with the bulkhead adapter attached to do a final clean of the center of
the ferrule where the fiber resides. Press together until a click is heard andrepeat once.

Figure 10. Final clean of electraoptical fiber connector fiber tips

4. Release latch and open springloaded cap on theRaman Rxn4analyzer deviceside connector.Insert cable-side

connector into instrument device-side connector fully and engage latch to secureThe connectors are polarized
and can only be inserted one wayThe slotted head screws on the face of both connectors should be facing out.
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Figure 11. Connecting anelectro-optical fiber cableto a Raman Rxn4four channel analyzer

5. Repeat for each probe.

A\ CAUTION
a  Unused probesthat are attached to the Raman Rxn4analyzer should ALWAYS be capped to prevent stray

ambient light from entering the probe. Stray ambient light, whether from an uncapped probe or through
incomplete light shielding of the sample, may produce undesirable spectral interferences and result incalibration

failure or inaccuracy.

o Probesattached to the Raman Rxn4analyzer should always be capped and/or pointed away from peple toward
a diffuse target if not installed in a sample chamber.

6. For each EO fiber cable, restrain the probe EO fiber optic cable using the strain relief located at the rear of the
instrument.

A\ CAUTION
o When installing the probe in situ, the user must provide strain relief to the EO fiber optic cable at the probe

installation location.
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5.4.2.2 For Hybrid analyzers (Rxn-20 channel)

The ALT channel utilizes an EO cable with an integrated electrical laseinterlock loop, and the process of connecting
the ALT channel is descibed in the previous section.The Rxn-20 channel of the Raman Rxn4Hybrid Analyzer has
four connections points: fiber electrical interlock, excitation, collection, and calibration. The excitation and

calibration connections utilize FC style fiber connectos, while the collection connection utilizes aMechanical
Transfer (MT) style fiber connector. A remote interlock connector is also provided for theRxn-20 channel and is
located adjacentto the fiber electrical interlock connection. The Rxn-20 excitation, collection, and calibration fibers
are fragile, and care must be taken to properly route and restrain the fibers using the following procedures.

To connect a probe to theRxn-20 channel:

1. Remove theRxn-20 plastic cover by unscrewing the two socketheadcap cr ews using the 7/ 646
included with the instrument. This will reveal the individual connectors for the Rxn-20 channel.

7 T

oy

[

Figure 12. Rxn-20 channel cover on rear oRaman Rxn4Hybrid analyzer and connectordor Rxn-20 channel

2. On the cableside connectors, clean ONLY the excitation and calibration fiber tips prior to installation if
cleanliness of these fiber tips is unknown.

o First use a lens wipevery lightly saturated with a solvent, such as reagent grade acetoner 100% IPA
followed by a final clean with a 2.5 mm fiber cleaning tool. Do not use the same wipe for both fiber tips.

o Swipe the fiber tip once with the damp portion of the wipe, then swipe once more with a dry portion of the
same wipe.Repeat for both fiber tips.

3. Employ the two strain reliefs on the rear of Raman RxndHy br i d anal yzer (using the 7/ 6:

the fiber cable assembly.

Figure 13. Employing strain reliefs to secure the fiber assemblyor the Rxn-20 channel

4. Remove the threaded cap from theCalibration (CAL) port.
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5. Connect the clean calibration fiber to the CAL pot, aligning the key on the fiber connector with the notch on the
CAL port connector.The fiber should be routed in a helical pattern as shown lelow to avoid kinks.

Figure 14. Proper connection and routing of the calibration fiber

6. Remove the rubber cap from the MT style collection fiber connector. Lift and hold the cover of the&Collection
(COLD port as the fiber is connected. Align the white dot on the MT style fiber connector with the white mark on
the COLL port and insert the fiber connector until it clicks into place. The fiber should be routed in a helical
pattern as shown below to avoid kirks.

Figure 15. Properconnection and routing of the collection fiber

7. Remove the excitation fiber c¢clamp by | oosening the
analyzer) and sliding it out of the way.

8. Remove the threaded cap from theExcitation (EXQ port.

Figure 16. Properremoval of the excitation fiber clamp and threaded cap from the excitation port
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