BA02179C/66/EN/01.2 1
70193557

2021-12-31 . .
Products Solutions Services

Operating Instructions
Raman RxnS

Endress+Hauser £21]

People for Process Automation



Operating Instructions Raman Rxn5

2 Endress+Hauser



Raman Rxn5

Operating Instructions

Table of Contents

1

11
1.2
1.3
14

2
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
211
2.12

3.1
3.2

4.1
4.2
4.3

51
5.2
5.3
54
55
5.6
5.7
5.8

About this document ..............coccuueee. 5
WarNiNgS.....cvvveieeeeiiiiie e e e e e e 5
Symbols on the device...........cccevviieiiiiaemnne 5
U.S.export compliance........cccccoovcvvieeeeesiimennen, 5
GlOSSANY....c it 5]
Basic safety instruction .................... 8
Requirements for the personnel..................... 8
Designated USE..........coovvreieiiiiieiimenee e 8
Electrical safety......cccccocvvvvviviiiiiiiii e 8
Operational safety..........ccccvvveiiiiiiiemmiiee e 8
Product safety.........ooceeeiiiiiiiiiicc e 9
Important safeguards............ccoceciiiiiiimeennnnd 9
Health and safety considerations..................... 9
Safety and handling notice.............cccccccvnnninnd 9
Laser safety........ccoeiieiiiiiiiis e 10
Explosion hazard safety..........cccccvvvvveeveeenr e 12
Construction materials ..........ccccoocveeiiiieeemae 12
Protective gas........cccccoeeeeeeiiiiii 12
Product description .........ccccceeeeennnnee 13
SYStEM OVEIVIEW. ....eeeiniiiie e 13
Product Design.............uuvvvieviveeeeeemmmeeeeeeeeeeeens 15
Incoming pro duct acceptance......... 17
Incoming acceptance.........cccceeveveeeviieee e, 17
Scope of delivery......iiviiiiiiiiie 18
Certificates and approvals..........ccccoeceeeennee. 18
Installation ... 19
Sampling probe fiber optic connection.......... 19

Sample temperature and pressure sensors..19

Sample solenoid valve driver..............o......... 20
COM POttt 20
Ethernet ports .........cccceeeveeiiiiiiicec e, 21
Purge alarm.......cccoecvveeeeees e 21
Purge indicator and valve system................. 21
Thermal control ... 23
Electrical connection ............c.......... 26

Endress+Hauser

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14

8.1
8.2
8.3
8.4
8.5
8.6
8.7

9.1
9.2

10
10.1

Raman Rxn5 system interfaces.................... 26
Desiccant modules and condensate drain....28
AC mains power distribution.................c....... 29

Main power supply low voltage distribution .30

24 VDC low voltage power distribution.......... 30
Electrical laser interlocK............ccovvveriieninaes 31
USB BUS.....eiiiiiiiiee i 32
Probes and fiber optics.........cccccovieiiiiiiimns 32
COMMISSIONING ...vvvveeeeeiiiiiiiiieeeeens 33
Safetyconsiderations............cccoccvveireeesiamenee 33
Preparing for installation ............ccccevvvvevene.e 33
Recommended tools and equipment............ 34
Unpacking the Raman Rxn5 Analyzer.......... 34
Lifting the Raman Rxn5 Analyzer.................. 35
Installation drawings ..........ccccovcvveeeiiveeeamennen. 36

Wall mounting the Raman Rxn5 Analyzer....42

Main power Wiring .........ccceeeeevivveeviiicmenee .. 43
Connectorsand glands............ccccccvvvivievevemmns 45
Non-I.S. communications and I/O wiring.......46
Intrinsically safe wiring installation .............. 49
Purge inlet connection.........cccccvvvvviviiieeiiaee. 51
COmMMISSIONING.....eeveiiiiiiiiiiee e 53
OPEration..........uuveeeeeeeieieiiieieeeeee e e e 53
Operation ..........ccccvvvvvvviveeeeeeeeneeeenn. 56
INtrOdUCEION ..o 56
Raman Rxn5 main screen..........ccccevvveeeennn 56
Raman Rxn5 status indicators...................... 57
Raman Rxn5 stream detail view................... 57
System SettingS.......ccvveeiviiiiiiiiiee e 62
System digNOStICS ......oovvviiiiiieeiiiiiie e 68
Verifying an existing calibration .................... 72

Diagnostics and troubleshooting ...81

DiagnOSHCS....coiivvieeei et 81
TroubleshOooting.......c.cevviiiiiiiiiiie e 83
MaintenancCe ..........cccocccvveeeeeeennnnn 85
Replacing the motor controller ..................... 85

3



Operating Instructions

Raman Rxn5

10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
10.13

Replacing a cooler module.............cccvveeeeenn. 86
Replacing the fan motor............cccceeeviieeeiim 89
Cleaning the heat sink fins..............ccccvveeee.n. 90
Replacing the monitor ...........cccoceeeiiiireiea. 91
Replacing the Impeller............ccocoeeiiiiieiean. 93
Replacing the main power supply................. 95
Replacing alaser........ccocuveeiiiieiiieec e 97
Replacing the computer assembly................ 99
Replacing the bios battery.............cccceeveeee. 104
Replacing the harddrive.............cccoccvvneennn. 105
Replacing the desiccant cartridges............. 106
Replacing the detection module.................. 107

10.14
10.15

11

12

12.1
12.2
12.3
12.4
12.5

13

Cleaning an optical fiber..........ccccccoevvvnen.n. 109
Cleaning a probe window and mirror.......... 110
Repair.......ccooiiieece 111
Technical data ............cccevvvvvvnnnnee. 112
Electrical and communications................... 112
Physical......ccccccooiiiiiiiii e ccceeeeeee e 112
Purge air SUpPIY......ccoocveeeriiieeiiei e 112
Area classification and ratings.................... 112
Certifications ........ccceeeeeiiiiii e 113
INAEX e 114

Endress+Hauser



Raman Rxn5 Operating Instructions

1

About this document

1.1  Warnings

Structure of Information Meaning

4\ 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 noacompliance
(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 ofnon-
compliance (if applicable)

Corrective action

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

If necessary,consequences of noacompliance
(if applicable)

Action/ note

1.2

Table1. Warnings

Symbols on the device

Symbol

Description

The LaserRadiation symbol is used to alert the user to the danger of exposure to hazardous visible laser radiation
when using the Raman Rxn5Analyzer system.

The High Voltage symbolthat alerts people to the presence of electric potential large enough to causenijury or
damage. In certain industries, high voltage refers to voltage above a certain threshold. Equipment and conductors thg
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 across 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 recovery and recycling.

The CE Markingindicates conformity with health, safety, and environmental protection standards for products sold
within the Euro pean Economic 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 of Commerce.

Endress+Hauser 5
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1.4  Glossary

Term Description

A/D Analog/Digit al

AC Alternating Current

AHJ Authorities Having Jurisdiction

amp Ampere

ANSI American National Standards Institute
ATEX Atmospheére explosible (explosive atmosphere)
AWG American Wire Gauge

°C Celsius

CAT Category

CCD Charge Coupled Device

CFM Cubic Feet per Minute

cm Centimeter

COM Communications

CSA Canadian Electrical Code

DAQ Data Acquisition

DC Direct Current

DCS Distributed Control System

DHCP Dynamic Host Configuration Protocol
EEA European Economic Area

EU European Union

FNPT Female National Pipe Thread

G Gas

HVAC Heating, Ventilation, and Air Conditioning
Hz Hertz

110 Input/Output

IEC International Electrotechnical Commission
IP Internet Protocol

IPA Isopropyl Alcohol

IS Intrinsically Safe

ISA International Society of Automation

LED Light Emitting Diode

mA Milliampere

MAX Maximum

mwW Milliwatt

Nd Neodymium

NEC National Electrical Code

NPT National Pipe Thread
6 Endress+Hauser
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Term Description

OPC Open Platform Communications
PCB Printed Circuit Board

psi Pounds per Square Inch

psig Pounds per Square Inch Gauge
RPM Revolutions Per Minute

SATA Serial ATA

SCFM Standard Cubic Feet per Minute
SF6 Sulfur Hexafluoride

TCP Transmission Control Protocol
ul User Interface

UL Underwriters Laboratories

usB Universal Serial Bus

\Y Volt

VAC Volts Alternating Current

vDC Volts Direct Current

VGA Video Graphic Array

w Watt

WEEE Waste Electrical and Electronic Equipment
YAG Yttrium Aluminum Garnet

Table 3. Glossary

Endress+Hauser
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Basic safety instruction

.1 Requirements for personnel
Installation, commissioning, operation, and maintenance of the measuring system may be carried out only by
specially trained technical personnd.
Technical personnel must be authorized by the plant operator to carry out the specified activities.
Electrical connectionsmay be performed only by an electrical technician.
Technical personnel must have read and understood these Operating Instructions and must follow the
instructions contained therein.
Faults at the measuring point may only be rectified by authorized trained personnel. Repairs not described in
this document must be carried out only directly at the manufacturer's site or by the service organization.

Do oo > NN

2.2  Designated use
The Raman Rxn5Analyzer is designed for use in the following applications:

A Chemical composition measurements ofgases and some liquids in grocess development environment. The
Raman Rxnb5is particularly suited for use for measuring the composition gases at the input and output of the
following process units and processes that ae often found in refineries, ammonia plants, methanol plants,
captive and merchant hydrogen plants, and LNG liquefaction and regasification terminals:

Steam methane reformers

Partial oxidation reformer s

Coal, petcoke, biomass, and waste gasifiers
Primary and secondary shift converters
Acid gasremoval

Methanators

Ammonia and methanol synthesis loops
Hydrotreaters

Hydrocrackers

Rundown to LNG storage tanks

Mixed refrigerant composition optimization

O O O OO o oo o o o

Use of the device for any purpose other than that describedposes a threat to the safety of people and of the entire
measuring system and is not permitted.

2.3  Electrical safety
As the user, you are responsible for complying with the following safety conditions:

A Installation guidelines.
A Local standards and regulationselectromagnetic compatibility .

A The product has been tested for electromagnetic compatibility in accordance with the applicable international
standards for industrial applications.

A The electromagnetic compatibility indicated applies only to a product that has beenproperly connected.

2.4  Operational safety
Before commissioning the entire measuring point:

1. Verify that all connections are correct.

2. Ensure that electrical cables and hose connections are undamaged.

3. Do not operate damaged products, and protect them against unintentional operation.
4. Label damaged products as defective.

During operation:

8 Endress+Hauser
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1. If faults cannot be rectified: products must betaken out of service and protected against unintentional operation.
2. Keep the door closed when not carrying out service and maintenance work.

A\ CAUTION

Activities while the analyzer is in operation  introduce r isk of exposure to measured materials.

a  Follow standard procedures for limiting exposure to chemical or biological materials.

a  Follow workplace policies on personal protective equipment including wearing protective clothing, goggles and
gloves and limiting physical access to analyzer location.

a  Clean ary spills using the appropriate site policies on cleaning procedures.

2.5 Product safety

The product is designed to meet stateof-the-art safety requirements, has been tested, and left the factory in a
condition in which it is safe to operate. The relevant regulations and international standards have been observed.
Devices connected to the analyzer must comply with the applicable safety standards.

2.6  Important safeguards

A Do not use theRaman Rxn5for anything other than it s intended use.

Do not drape the power cord over counters or on hot surfaces.

Do not open the enclosure of theRaman Rxn5while it is actively collecting data.
Do not look directly into the laser beam.

Do not stare or focus a laser in a diffused direction

Do not point a laser at a mirrored surface.

Do not leave attached and unused probes uncapped or unblocked.

Avoid shiny surfaces and always use a laser beam block.

To Do Do Do To Io I

2.7  Health and safety considerations

I't is the userds responsibility to understand and comp
based on the installation location of the instrument. Endress+Hauser takes no responsibility for determining the safe
use of the instrument based on this qualification procedure.

The following actions and laser safety precautions must always be observed while using thRaman Rxn5

A The Raman Rxn5is a Center for Devices and Radiological HealtifCDRH) Class 3B device. The user should wear
appropriate eye protection.

A The Raman Rxn5should only be used in a location with a suitable and stable power supply.

A If aninterl ock is required, all entryways to the room or area housing theRaman Rxn5analyzer must be fitted
with warning signs on doors into the Class 3B area.

2.8  Safety and handling notice

Raman Rxnb5analyzers incorporate a 532 nm laser excitation source. Take the following precautions when handling
the analyzer and probes when the laser iSON:

A Turn OFFthe laser power (using the laser on/off key for the appropriate channel, located on the front of Raman
Rxnb5) before making fiber connections and probe inspections.

A Do not look directly into the fiber probe output (when the optic is disconnected) or the output (window) of any
probes.

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

Endress+Hauser 9
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2.9 Laser safety

Laser light presents special safety hazards not associated with other light sorces. All laser users, and others present,
need to be aware of the special properties and dangers involved in laser radiation. Familiarity with theRaman Rxn5
and the properties of intense laser radiation will aid in the safe operation of the Raman Rxn5 The Raman Rxn5may
contain one to four 532 nm lasers. Refer to your system specification information to determine how many lasers you
have and which channels they are associated with 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 laser safety program provides environmental, training, and safety controls which may reduce the
risk of laser-related injuries and/or w orkplace damage.For more assistance with 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. ThRaman Rxn5analyzer has hardware safety controls to reduce the risk of laserbased
injuries including an interlock and a spring-loaded protective cap covering the laser output of the fiberoptic cables.

The beam is routed from thebottom panel of the instrument via a fiber optic cable using an industial quality

electrooptic connector. In the unlikely event that the fiber optic probecable is removed, the interlock is overridden,

and the spring-loaded protective cap is overridden, there will be a laser beam exiting the analyzer unitThe beam

emerges from a fiber with core diameter of 103 pPm and num

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 Ocular Hazard Distance (NOHD) Equation
Rxn5 Standard 103 pm multi -mode (NA =0.29) rnowp=1.7/NA( &/ UMPE)
multimode equation

MPE at 532 nm continuous viewingd 1 x 103 W-cm?

a 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. Depending upon the probe utilized, the beandiameter, 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 point is at the tip of the probe or at a brokenoptical 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

a  Laser beams can ause 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.

4\ WARNING

a  The Raman Rxn5uses 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 or performance of procedures other than tlose 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 current version of ANSI for Safe Use of Lsers Z136.1.

10 Endress+Hauser
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2.9.1 Optical safety

The Raman Rxn5is outfitted with one to four Class 3B lases. Always be aware of the initial direction and possible
scattering paths of the laser. The use ofOD3safety glasses ishighly recommended fora 532 nm excitation
wavelength.

Figure 1. Lasersafety glasses

2.9.2 Electrical safety

The Raman Rxn5utilizes AC and DC voltages inside thenclosure. Do not disassemble the laser enclosure as there
are no serviceable parts inside the laser assembly. Only qualified personnel familiar with high vtiage electronics
should open the system enclosure to perform necessary maintenance or service.

2.9.3 CDRH compliance

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

2.9.3.1 Protective housing

The Raman Rxn5is enclosed in a protective housing to prevent human access in excess of the limits of Class |
radiation as specified in U.S. 21 CFR Section 1040.10 (f) (1) except for the output, which is Class 3B.

2.9.3.2 Remote interlock connector

The Raman Rxnbis supplied with a remote interlock connector for each channel. Theseconnectors allow the

operator to utilize an external interlock circuit in conjunction with  Raman Rxn5operations. Design and function of
an external interlock circuit should meet the capability and intent of the most current revision of the ANSI Z136.1
Standard. No laser radiation for a particular channel is emitted unless both the fiber and remote interlock connectors
are connected.

2.9.3.3 Compliance labels
The Raman Rxn5analyzer is certified to comply with the U.S. Federal Regulation 21 CFR, Chapter I, Subchapter (J), as
administered by the CDRH.

2.9.4 WEEE directive compliance

The Raman Rxn5complieswith the Waste Electrical and Electronic Equipment(WEEE) Directive 2012/19/EU. The
WEEE Symbol shown below is placed on all WEEEompliant assemblies.

Figure2. WEEE symbol

I f no other means of disposal are availabl e, Endress+H
participate in the o0Take Backdé di sposal prograim, pleas
support.kosi@endress.com
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2.9.5 Specific conditions of use

1. Thefiber optic cable linking the laser output to any Ramanprobe shall be installed so that the minimum bend
radius specified by the cable manufacturer is not exceeded.

2. Where it is necessary to monitor the process level to ensure that the optical beam is not exposed to a potentially
explosive atmosphere, the devies used to monitor the level shall be intrinsically sak or classed as simple
apparatus, and be installed so as to provide a fault tolerance of 2 for category 1 equipment. The functional safety
of this arrangement has not been assessed as part of this cdification and it is the responsibility of the installer
or user to ensure that an appropriate mechanism is in place.

3. The user shall purge the enclosure prior to startup and upon loss of pressurization in accordance with the
instructions marks on the Raman Rxn5 enclosure. An appropriate means of isolation shall be provided by the
user, appropriately certified for the area of use and correctly installed.

4. Where Intrinsically Safe (IS) Galvanic Isolators are added to the main enclosure in order to produce ISignals to
external apparatus not covered by this certification, the IS galvanic Isolators shall have an ambient working
temperature upper limit of at least 60°C The IS parameters pertaining to these isolatorsshall be conveyed to the
user in an appropriate manner. The IS nature of any such circuits has not been assessed as part of this
certification and this certificate is not to be taken as indication that these IS circuits comply with relevant
requirements.

2.10 Explosion hazard safety

The Raman Rxn5is designed for use in potentially explosive atmospheres with an output designed for use in
explosive atmosphereswhen purged per the procedures detailed inSection 7.13and Section 7.14 Usage parameter
limits vary based upon the processed material and probe head used.

The Raman Rxn5must be installed following all federal, state, and local codes for equipment located in a potentially
explosive area classified as Class 1, Division, ®r Zone 2. The protective gas shall not exceed 40°C at the inlet to the
Raman Rxn5

2.11 Construction materials

Materials used in the construction of the Raman Rxn5enclosure, including all sealing materials, are compatible with
the chemicals that the enclosure would typically encounter in the field. The enclosure surfaces have been designed
and evaluated to ensure that they do not present hazards such as static buildup.

2.12 Protective gas

Seelnstallation in Chapter 7 for warnings and information on the protective gas supply.

12 Endress+Hauser
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3 Product description

3.1  System overview

The Raman Rxn5Analyzer is a turnkey laser-based Raman analyzer developed for applications in the petrochemical
market. In these applications, the Raman Rxn5analyzer produces spectra that resemble chromatogram from a Gas
Chromatography (GC) system, which can be analged using similar univariate methods commonly used in the
analysis of chromatographic data. The Raman Rxn5 analyzer can be used to determine the composition of gas
mixtures, but without the need for any valves, ovens, columnsor carrier gasesthat lead to the higher operational
expense of GC systems.

Fiber-optic probes (for both gasesand liquids) are used to interface theRaman Rxn5analyzer to the process sample.
The Raman Rxn5features four independent probes operating simultaneously, replacing the need for mechanical
stream switching often used in multi-stream analyses with a single instrument. In addition, the analyzer allows for
the application of four independent software methods for analyzing different stream compositions. In essence, it
representsfour analyzers in one unit.

The Raman Rxn5analyzer and can measure gas mixtures containing severatomponents, with concentrations as low
as 0.1 vol% Typical gases that can be analyzed inlcudeHz, N2, G, CO, CQ H:S, CH, GH4, GHs, Cb, R, HF, Bk, SQ,
and NHs. In addition, the Raman Rxn5has a wide linear dynamic range andcan measure components at levels
typically from 0.1 mol % up to 100 mol%.

The Raman Rxn5analyzer incorporates a flat screen, touchsensitive display that is utilized for all user interactions.
A simple tap with a finger is the equivalent of a mouse click.

3.1.1 Raman spectroscopy

In Raman spectroscpy, a sample is excitedwith a laser source of a specific wavelength, or color. The laser light is
often transmitted to the sample via a fiber-optic cables and an optical probd_aser excitation causes the sample
molecules to vibrate and absorb some of thdaser energy, which causes some light to be reemitted from the sample
at lower energy levels, or wavelengths (colors), than that of the laser excitation source. ThilRaman-shifted light is
carried back to the Raman Rxn5through a separate fiber optic for analysis. Each chemical species in the gas sample
can scatter one or more discrete wavelengths, or colors, of lightThe number of colors and their intensity are unique
to each chemical species. Each peak in a Raman spectrum corresponds to a different wésregth of light (Figure 3).

3.1.2 Lasers

The unique design of the Raman Rxn5contains up to four lasers and four sample probeseach operating
independently. This allows the analyzer to measurefour separate samples simultaneously. Inside the analyzer, each
of the four lasers launches light into a discrete fiber optic patch cable, which is routed to one of four I/O panels on
the bottom of the analyzer. At each I/O panel, this patch cable is coufed to one side of the main fiber optic transport
cable by way of an industrial hybrid connector, which delivers the laser to the sampling probe for sample excitation.
The Raman shifted light is then collected in the probe and coupled to a separate fibertic for transport back to the
analyzer, where it is coupled to a separate patch cable inside the analyzer for delivery to the detection module. All
four returns from the sampling probes are multiplexed into one connector at the detection module for analyss.

3.1.3 Detection module

The Raman Rxn5detection module is where the collected Raman scattered light from the sample isneasured There
are four analysis channels in theRaman Rxn5detection module, one for each of the four streams. The Raman
scattered light from these four streams enters the detection module where it is dispersed onto four separate regions
of a Charge Coupled DevicéCCD array in a similar manner to how a prism breaks up light into separate colors. The
Raman Rxn5detection module measures the intensities of the various colors of light that make up the Raman light
collected from the sample. The Xaxis of the Raman spectrumrepresents the different color components of the
Raman scattered light and the ¥axis representsthe intensities of these colors.

The native data format that the CCD outputs to the system software is simply number of Analog/Digital (A/D) counts
(intensity) for a given X-axis region of the CCD. We need to correlate these-4Axis regions to the colors oflight that

are impinged upon them. This is where wavelength calibration comes into play. Nested under the detection module is
a wavelength calibration module. In addition to the four stream analysis channels, there are two calibration channels
presented to two additional regions on the CCD array. For each sample acquisition, @wavelength calibration module

Endress+Hauser 13
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emits light that is collected onto these additional calibration regions.The atomic emissionlight source in the
wavelength calibration module contains many discrete colors that are extremely stable. Since the exact wavelength,
or color, is known for the discrete color lines emitted by themodule, it is possible to correlate a CCD camera region
with a particular wavelength of light, which is used to analyze the Raman spectrum

The X-axis of an Raman spectrumis most commonly displayed in units of Raman shift (cm-1), which represents the
energy difference between the wavelength of the excitation source and the wavelength of each Ramascattered
peak. Therefore, it is necessary to accurately calibrate the exact wavelength of the laser sourc&he Raman peak of
one or more of the chemicals that are known to be present in the sample is used to calculate the exact wavelength of
thelaser, whi ch r e ptheRamanshsftX&@0 o

250,000
200,000
150,000

100,000

50,000

-50,000
150 2,150 2,630

Figure 3. Typical spectrum from a Raman Rxn5 analyzer
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3.2 Product Design

3.2.1 Raman Rxn5 Analyzer exterior

The exterior of the Raman Rxn5 consists of a painted steel (or optional 316 Stainless Steel) enclosure.

Q Q
0o o
1\D‘ ’@
-y L
/A (A=Y
OB D\

Figure 4. Exterior of the Raman Rxn5 analyzer

Name

Description

Cooling Exhaust Vent Shroul

Cooling air exhausts through the vents in this cover. Do not block.

TouchscreenMonitor

The built in in Raman RunTime interface and touchscreen monitor.

wWIiN|[F | FH*

Switch Indicator Panel and
Laser On/ Off Keys

A System power indicator. Green and steady indicates system is powered and
operating normally. Red and fast flashing indicates system is powered, but internal
temperature is too warm (take action). Red and slow flashing indicates that the
system is too cold. Red and slovis normal upon startup in colder environments.

A Laser on/off keys and indicators. Magnetically coupled switches control laser power
for each channel. Switches are lockout/tagout compatible. Yellow indicators for each
channel indicate if laser on.

4 Purge Indicator

A Greenindicator light that indicates that the pressure inside the enclosure is above
0.206 water col umn.

5 Cooling Air Inlet

Cooling air enters in this location in both sides of enclosure. Do not block.

6 Purge Valve and Purge Air
Conditioning

The dilution and leakage compensation includes two modes:

A High Flow Dilution. The dial on the valve should be turned so the slot in the dial is
horizontal and |lined up wionhisusddhogurgeONO
enclosure of potentially hazardous gases prior to powerup. Dilution time is >9.5
minutes.

A Leakage Compensation Mode. After manual dilution has been performed, the valve
can be switched to this mode by turning the dial so the slot in the dial is vertical. This
position is used to reduce purge air consumption after initial dilution.

Endress+Hauser

Table5. Raman Rxn5 analyzer interior view
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3.2.2 Raman Rxn5 Analyzer interior features

Interior features with in the Raman Rxn5 analyzer are shown below:
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Figure 5. Raman Rxn5 analyzer interior view
# Name Description
Detection Module The location where collected Raman scattered light from the sample is analyzed. There
are four analysis channels in the detection module.
2 Touchscreen Monitor Touchscreen monitor for Raman RunTime interface.
Embedded Controller System controller with Raman RunTime
Relief Valve Monitors internal enclosure purge pressure and provides enclosure oveipressure relief
valve. AGreen indicator light that indicates that the pressure inside the enclosure is
above 0.206 water col umn.
5 Motor Controller A device that regulates the speed and direction ofthe cooling fan motor.
6 Coolers Peltier cooling devices to remove waste heat from electronics inside the enclosure.
7 Power Supply Main power supply which provides DC power for all electronics inside theenclosure.
8 Lasers (4) The Rxn5 includes up to four lasers, depending on configuration ordered.
9 Control Electronics Analyzer internal sensor signal conditioning and digitization electronics. Thermal control
electronics and IS barrier power supply ale reside here.
10 | Intrinsically Safe 10 Area Probe fiber interlock and temperature/pressure sensor connection area.
11 | AC Mains Distribution Customer supplied mains power is connected here. Mains power is distributed to
additional internal components via factory installed terminal blocks and wiring.
12 | Non-IS Low Voltage IO Area| Connection area for: Qty 2 R$185 Modbus RTU, Qty 2 TCP/IP for Modbus TCP and/or
remote control, Qty 4 24VDC sampling valve driver.

Table6. Raman Rxn5 analyzer interior view
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4 Incoming product a cceptance and product identification

4.1 Incoming acceptance
1. Verify that the packaging is undamaged. Notify the supplier 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 the delivery contents. k€ep the
damaged goods until the issue has been resolved.

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

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

If you have any questions, please contact your supplier or your locaales center.
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 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, Ml 48103 USA
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4.2  Scope of delivery
The scope of delivery comprises:

Raman Rxnb5analyzer in the configuration ordered
A Raman Rxn50perating Instructions (electronic copy)
A Raman Rxn5Certificate of Product Performance(electronic copy)
A Local declarations of conformity, if applicable (electronic copy)
A Certificates for hazardous zone useif applicable (electronic copy)
A Raman Rxn5optional accessories, if applicable
If you have any queries: Please contact your supplier or local sales center.

4.3  Certificates and approvals

The Raman Rxn family of base analyzer units are Ginarked as being compiant with the low -voltage safety
directive, as well as applicable laser eye/skin safety standards 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 Rxn5is designed for use in potentially explosive atmospheres with an output designed for use in
explosive atmospheres. Usage parameter limits vary based upon the processed material and probehead used.

The Raman Rxn5must be installed following all federal, state, and local codes for equipment located in a potentially
explosive area classified as Class 1, Division 2 or Zone 2. The protective gas shall not exceed 40°C at the inlet to the
Raman Rxn5
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5 Installation

5.1 Sampling probe fiber optic connection

o Endress+Hauseroffers a Service Kit,Rxn5, Fiberopticsand Hand Tools(p/n 2013270), which is intended for
diagnosing and servicing the major field-serviceable optical paths and components of theRaman Rxn5system. It
is also intended to diagnose and identify components that may require replacement or factory service.

Two I/O panels on the Raman Rxn5each provide sampling probe connections for two of the four channels available.
The gray locking connector is the hybrid fiber optic connector that contains both the excitation and collection fiber
optics as well as the electrical laser intefock. Exercise appropriate care when making these connections to ensure
clean fiber optic connections.SeeCleaning anoptical fiber in Section 10.14for more information .

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

Sampling probe
connections =

Figure 6. I/O panels provide sampling ppbe connections

5.2  Sample temperature and pressure sensors

In certain applications, each sampling probe is complemented with two environmental sensorsample temperature
and pressure sensors. These sensorgainstalled into the sampling system adjacent to each sampling probe. The
sensors have 46 20 mA outputs and their ranges are configured to order.

The sensors are interfaced to the analyzer by up to four IS barriefone per channel. One IS barrier interbces to a
temperature sensor and a pressure sensor. The IS barriers are installed on the lower DIN rail to the left of the

el ectrical |l aser interlock IS barrier. The | eft most
left to ri ght. The terminal hook-up is detailed in Installation instructions for intrinsically safe temperature and
pressure sensorsn Section 7.11.3 Step 8.The electrical cables are installed through the appropriate cable glandsee
Figure 8).

Endress+Hauser 19
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T and PISbarriers

CableGands ——— |

Figure 8. Temperature andpressurecable glands

5.3  Sample solenoid valve driver

A\ CAUTION

o The following outputs are extra low voltage circuits and are not intrinsically safe. These outputs must be
terminated in a non-hazardous location.

The Raman Rxn5is configured with an optional solenoid driver to drive up to four solenoids at the sampling system.

One solenoid per steam can be driven, the timing of which is configured to order and set up at the factory. Each

output provides 24 VDC at 0.5A max (12W max). The maximum wire size the terminal blocks will accept is 18

American Wire Gauge(AWG). The channel number and polaity are labeled on the terminal blocks detailed in Non-

I.S. communications and I/O wiringin Section7.10 |t i s the installerds responsibil
from the terminal blocks to the sampling solenoid valves through approved glands

5.4 COMport

TheRamanRxn5s y st em can be configured at the f aDistributedyCortrol ¢ o mmu n
System(DCS via Modbus over R$485. Endress+Hausew i | | provide the Modbus map. It i
responsibility to route the communications cable from the computer to the DCS interface through an approved gland.

The pinout for the Raman Rxn5RS 485 COM port is labeled on the terminal blocks and refeenced on the IS shield

label.

NOTICE

o Consult with the factory for proper terminal resistor settings. SeeSpecificationRaman Rxn5Modbus (p/n
2015814) for more information .
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5.5 Ethernet ports

Two Ethernet ports are provided. TheRaman Rxn5can al so communi cate with the cu:
TCP/IP. An R#M5 connector is provided on the terminal block DIN rail. SeeSection7.10 for details.

a  Consult with the factory for proper terminal resistor settings. Seethe SpecificationRaman Rn5 Modbus (p/n
2015814) for more information .

5.6 Purge alarm

A purge alarm is provided to indicate positive pressure in the enclosure. There are two connections on the 1/0
terminal blocks.

5.7  Purge indicator and valve system

The purge indicator installed on the Raman Rxn5analyzer is of the ZPurge variety from Purge Solutions, Inc. The
indicator is certified for use in Division 2/Zone 2 hazardous areas. The Zpurge indicator has aGreen indicator light
that indicates that the pressure inside the enclosure
contact alarm relay for a remote alarm if needed; it i
the alarm contacts.

The ZPurge indicator is paired with a Purge Solutions manual leakage compensation valve. There are two modes of
operation for the valvefidilution and leakage compensation. For a high flow dilution, the dial on the valve should be
tumeds o the slot in the dial i s horizont al and | ined up
performed for the specified time, the valve may be switched to the leakage compensation mode by turning the dial so
the slot in the dial is vertical. Leakage compensation mode allows the enclosure to remain pressurized with a much
smaller usage of purge air after the manual dilution has occurred.

Pl ease refer to the Purge Solutions CYCLOPS Y&ZonPur ge

¥

2 ]

Figure 9. Z-Purge indicator and thepurge solutions manual leakage compensation valve

5.7.1 Air supply requirements

Inlet Fitting. ¥-18 NPT.

ISA Grade. Hydrocarbon free.

Water and Qil Free. -40°C dewpoint.

Particle Size. 5 micron maximum.

Pressure Range. 50 6 120 PSI.

Max Flow Rate for Purging. 2.0 SCFM.

Max Flow Rate for Leakage Compensation. 0.75 SCFM.

To Do Do Do Io Io I
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5.7.2 Installation

The Raman Rxnbis shipped without the purge regulatorand f i |l t er assembly installed.

responsibility to install the purge regulator and filter assembly and interface the purge air supply to the assembly.
The inlet to the filter is %2 -18 NPT. Appropriate thread sealant must be used.

Figure 10. Purge regulator and filter assembly

5.7.3 Operation

The purge regulator has been preset at the factory to 2.0 psi during the high flow dilution. It may be necessary to
reset the operating pressure at irstallation. The normal operating range for the regulator is 2.0 6 2.5 psi during high
flow dilution (ON position). Operating in the pressure range will ensure appropriate air flow into the enclosure.

Follow these steps for power application after commissoning and the analyzer is ready to be put into service:

1. Tighten the door clamps in five places with a fl| @t bl
Figure 11.
Q Q
00 A
a0 N
a0 A
i L/ N\ 7=

Figure 11. Door clamps

Apply purge air to inlet filter assembly.
Turn the dial on the purge valve to the ON position.
Purge for a minimum of 9.5 minutes.

o > WD

Apply power to the analyzer and observe the indicator light. If the indicator light does not turn ON, immediately
power down the system and check for air leaks in the door seal and cable glands. Restart at step 4.

6. Turn the valve to the leakage compensation position and observe the indicator light. In the leakage
compensation position, the knob on the purge valve will have its slot positional 90 degrees from theON label.

22 Endress+Hauser
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5.8 Thermal control

Heat removal is a challenge in all devices that consume electrical power. The major power consuming and heat
producing components in the Raman Rxn5are conductively cooled through ther heat sinks into plenums on either
side of the analyzer into the external ambient environment (Figure 12). The external fan pulls air through each
plenum and over all heat sinks. This design maximizes heat removal from the devices and minimizes reliancero
active devices to remove heat from the enclosure.

A\ CAUTION

o |tis crucial that the plenum covers remain installed at all times except for heat sink cleaning; their removal
causes no air to be moved across the heat sinks and devices may overheat. Ttwvers may be removed for no
more than five minutes for cleaning.

—
—

Figure 12. Heat sinks on the side of the(Raman Rxn5

The Raman Rxn5is specified to operate in ambient temperatures betweend20° C and +50° C. ThdRaman Rxn5has a
sophisticated microprocessorbased thermal control system to regulate its internal temperature. Not only does the
system regulate internal temperature, it also controls power to several key components inside theRaman Rxn5

The nominal setpoint for thermal control is 35° C. The sensor used in the feedback loop for the thermal control
algorithm is mounted inside the denethgontmmmgelatand &

Between ambient temperatures of ~15° C and 33° C, the system will regulate its internal temperature at 35° C.

Above ambient temperatures of ~33° C, the system internal temperature will simply track external temperature with
a delta of + 20 3° C.

Below temperatures of ~15° C, the system will simply track external temperature with a delta of ~ + 20° C.

The levers the thermal control system uses to control its internal temperature are the main fan speed at the top of
the enclosure and the two internal Heating, Ventilation, and Air Conditioning (HVAC) modules (Figure 13). The fan
speed is controlled by a feedforward function based on external air temperature.

At external temperatures of 15° C and below, the fan will be turned off. At temperatures of 33° C and above, the fan
will operate at maximum speed. The fan speed will increase linearly from off to full speed between external
temperatures of 15 and 33° C. The fan speed provides coarse thermal control and the internal HYAC maides provide
fine tuning of the internal temperature.

Endress+Hauser 23
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Figure 13. HVAC modules

Figure 14. Top-mounted fan impeller with shroud removed
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Figure 15. The fanhousing or shroud
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Grating
sensor

Figure 17. Grating sensor for thermal control

5.8.1 Electrical power control

The Raman Rxn5thermal control system maintains power application to modules that may be temperature sensitive.
The thermal control system has control over the electrical power of the following components: lasers, detection
module and touch screen monitor. The computer/hard drive,Universal Serial Bus(USB hub, purge indicator,
calibration board, and all other miscellaneous electronic devices are always on if the systems is powered. The HVAC
modules are controlled by the temperature control servo loop and can be turned on or off at any time by the comol
loop.

Upon a cold start, only the lasers will be selectively powered up, while power is immediately applied to the remaining
components. The requirement for the lasers to be powered is that their base plate temperatures must be greater than
0° C. Upona cold start in ambient conditions less than 0° C, the system will enter a warmingup state where thered
indicator Light Emitting Diode (LED) on the front of the analyzer will flash slowly (1 Hertz) and the system heaters
will be turned on. Once all laserbase plate temperatures have reached 0° C, then power will be applied to all lasers
and the indicator LED will stop flashing red and turn solid green.

In addition to the cold start power application rules, the thermal control system can turn off power to the lasers,
detection module and HVAC modules if their base plate temperatures are too high. The upper temperature limit for
the laser base plates, detection module base plate and HVAC base plates is 75° C. If one of these devices has been
powered down be@use of an overtemperature event, the indicator LED on the front of the analyzer will flash red (2
Hertz). Currently, the system software does not indicate if the power has been turned off to any of these modules, so
the only indication is manual inspection of the base plate temperatures in the software diagnostic panel.

Endress+Hauser 25
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6 Electrical connection

6.1 Raman Rxn5 system interfaces

The laser control electronics and coolers are powered on with the system.

6.1.1 System power light

The system power light (Figure 18) may be in one of the following three states:

Status Description

Green and steady The system is powered and operating normally.

Red and fast flashing The system is powered but the temperature is too warm.Take action to correct.
Red and slow flashing The system is warming up.

Table7. Power light

6.1.2 Laser ON/Off keys

The four laser on/off keys (Figure 18) are magnetically-coupled switches that can put thelaser in standby mode and
remove power to diode.

The laser lights may be in one of the following two states:

Status Description
Yellow and steady The laser interlock is closed, the diode is on and active.
Off The laser interlock is open and thediode is off.

Table8. Laser ON/OFF keys

The system features a lock out tag out system. A laser key may be removed and a customsupplied lock inserted
below it. When the lock is in place, the laser key may not bénserted, preventing power to that laser.

System
Power

LaserLock —]

Figure 18. System power light and laser on/off keys

6.1.3 Purge indicator

The CYCLOPS purge indicator is showia shown in Figure 4 and Figure 19. The light will be on if there is positive
purge pressure.For more information, refer to Purge indicactor and valve systenn Section 5.7.

Purge Indicator Light
/

Figure 19. Purge indicator
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6.1.4 Glands and connectors on the bottom of the Raman Rxn5

Figure 20 shows the temperature and pressure glands for all four channelsis shown below, the fiber optic connectors
for all four channels, as well as theAlternating Current (AC) power input, the ground stud, the purge valve and

gauge.
4
1 \

/ 5

2
/ 6

3

Figure 20. Glands andconnectors on thebottom of the Raman Rxn5
# |[Name Description

Low voltage 10 location

Six holes for low voltage communications and process control wiring. Cord grips provided
by customer and shall meet local electrical and hazardous area safetstandards.

2 | Purge air inlet

hé6 NPT connection point for purge air su

3 |Intrinsically safe 10O location

IO panels include up to four electreoptical connectors for sampling probes and cord grips
for sample environmental sensors.

4 | Earth ground stud

%-20 x .756 enclosure earth ground stud.

5 | AC mains inlet

Cord grip location for AC mains power connection.

6 | Cooling air inlet

A cooling air inlet on each side of the enclosure. Do not block.

Endress+Hauser
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