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Al-60 Process NMR Analyzer

1 Introduction

Purpose

The NMR Analyzer is a Process analyzer system used in industrial process applications
fo provide non-contact, real-fime monitoring and closed-loop control of the physical
properties and chemical composition of materials in industrial process applications.

The NMR Analyzer is ideal for monitoring the chemical and molecular properties of
materials, such as petroleum and other chemicals. NMR spectroscopic techniques
can detect the presence, composition, and concentration of chemical constituents
of materials in a process stream, flowing through the analyzer. The range of
applications is extensive and is limited only by the availability of reliable prediction
models of the compounds.

Users of NMR spectroscopy can benefit from increased throughput, better process
control, fimely detection of off-spec product, and lower operating costs.

Intended Audience

This document is infended to be used by technicians and personnel that measure
and verify the chemical composition of materials. The user needs to have basic
knowledge about NMR workflow.

About NMR Spectroscopy

The NMR Analyzer is a Nuclei Magnetic Resonance spectrometer system. It applies a
magnetic field to a material, causing the magnetic spin of the nucleus of each atom
in the material to align with the magnetic field's polarity. The nucleus of each atom
aligns with the magnetic field to either a low or high energy state, depending on the
elements composing the molecules and the molecular composition. Once the
magnetic field is removed, the nuclei of the atoms gradually return to their previous
position.

The NMR system detects the energy level of the various element compositions in the
material immediately after the magnetic field is removed, and after a delay, when
the nuclei spins have realigned to their previous positions. In this manner, the NMR
can detect which elements change from low to high energy states and from high to
low.

The atoms of each element in the material behave differently in a magnetic field, so
the NMR can sense which elements behave in a particular way with and without the
magnetic field. By detecting the proportion between changes in the energy states of
the atoms, the NMR system can detect specific elements in the tested material.
Changing the frequency at which the magnetic field is applied, and the detected
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spin frequency enables the NMR to detect specific elements, their concentration in
the material, and the molecular composition in which these elements are present.

When a group of nuclei with spins is placed in a magnetic field, the nuclei spins aligns
with the field in either the low or the high-energy state. The signal detected by the
NMR spectroscopy is generated by the difference between the energy absorbed by
spins that jump from low energy to high energy states and the energy emitted by the
spins that move from high energy to low energy states. The signal, therefore, is
proportional to the difference in population between low energy and high energy
spins. The exchange of energy at a specific frequency identifies the type and
concentration of a particular element.

If a signal of frequency Fis turned on and then off again very rapidly, the result is an
oufput consisting of many frequencies centered about F with a bandwidth of 1/1,
where t is the duration of the pulse. Radiation is produced from all frequencies in the
range F £1/1. If tis very small, a large number of frequencies is produced
simultaneously and all target nuclei in the sample are excited.

To understand the effect of the RF pulse, consider the following:

)

7
Nuclear Axis of Magnetic Spin

Since more nuclei are aligned with the applied field than against it, a net
magnetization vector is aligned with the field. Imagine now that the room itself is
spinning at the Larmor frequency. To an observer in the room, the nuclei appear to
be stationary, not processing, and the net magnetization vector is aligned with the
field. The concept of spinning the room is called the rotating frame of reference.
Using the rotating frame of reference, the magnetic behavior of the system can be
shown as:
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t Mo (STATIONARY BULK MAGNETIZATION VECTOR)

z
Stationary Bulk Magnetization Vector

When a pulse of radio frequency energy is applied along the x axis, the magnetic
field of this radiation is given the symbol B1. In the rotating frame of reference, B1 and
MO are stationary and positioned at right angles to the xy plane. The pulse causes the
bulk magnetization vector MO to rotate clockwise about the x axis. The extent of this
rotation is determined by the duration of the pulse. In many Fourier Transform NMR
experiments, such as in the 4IR Solutions NMR Process Analyzer, the duration of the
pulse is selected so that the magnetization vector rotates by 90°, as follows:

Bo Bo
PULSE. o
My

Change of Magnetic Spin Axis with Radio Pulse

The detector is aligned along the y axis. If we return to a static frame of reference
rather than the rotating reference, the net magnetic moment spins around the y axis
at the Larmor frequency. This motion generates an RF signal that can be detected.
When the pulse is removed, the nuclei relax and refurn to their equilibrium positions
and the signal declines. The declining signal contains the sum of the frequencies of alll
the target nuclei. Since the frequency of the signal is too high to be recorded directly,
it is mixed with a lower frequency signal to produce a low frequency inter-ferogram
called the Free Induction Decay (FID). This frequency signal is then Fourier
fransformed into a frequency domain spectrum for analysis. The result is an NMR
spectrum that shows the quantitative nuclei content of each nuclei type in the
material.

Features and Benefits
The Process NMR Analyzer provides the following benefits:

m Real-fime, continuous flow-through stream analysis: Reduces Process response
time and allows tighter control
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m Provides chemical and physical analysis in dense and opaque materials: Linear

spectral response across a broad range of materials (models can be

extrapolated)

m  Analyzes multiple properties

m Replaces conventional analyzers and provides faster results

m Simple sample conditioning: Requires no water removal and limited filtering, to

protect valve seats

B Minimal maintenance: No moving parts in sensor

4IR Process NMR Analyzer

Applications

The following table lists typical processes and sample variables that the Process NMR

Analyzer can continuously measure online.

RON, MON, D86, T10, T50, T90, benzene, total

Gasoline - - - -
Point, Cetane No., API gravity, viscosity, sulfur*
Reformate RON, MON, benzene, RVP
. RON, MON, D86, T10, T50, T90, benzene, total
Gasoline

Aromatics, RVP

Crude distillation, light naphtha

D86,T5, T95, RVP, API

Crude distillation, medium
naphtha

D86, T90

Crude distillation,
heavy naphtha

D86, T5, T95, sulfur*

Crude distillation, kerosene

D86, T5, T95, flash point, freeze point

Crude distillation, light gas oil

D86, T5, T85, T90, T95, cloud, pour, flash, API

Sulfur*

Crude distillation, heavy gas oil

T95, cloud, pour, flash, API, sulfur*

Al-60 Process NMR
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Crude analysis TBP, water, API gravity

Specifications

The following sections list the specifications of the Process NMR Analyzer.

Standard System Performance Specifications

The following table lists the standard system performance.

Observe nuclei

1H*

Operating frequency

60 +1 MHz

Standard Process
probe

8mm OD (up to 10mm) ambient temperature probes are
designed to accept flowing sample streams.

Proton resolution

Un-shimmed [Less than 500 Hz at half height and less
than 1000 Hz at tenth height.

Shimmed Less than 6 Hz at half height and less
than 24 Hz at tenth height.

Proton line shapes

Line width at the average peak height of the C' satellites
(0.55%) shall be: <90Hz

Proton sensitivity

Single pulse sufficient to observe the largest peak of a
10% ethyl-benzene quartet with a signal to average noise
ratio of 25:1, 1 pulse acquisition.

Proton signal
averaging

Sufficient to observe the largest peak of a 10%
ethyl-benzene quartet with a signal to average noise ratio
of 125:1, 25 pulse acquisitions.

Pulse width

Transmitter pulse width of a 90° flip angle at 7-watt RF
power shall be less than 30 microseconds.

Integral ratios

For the total of the three (3) groups in the spectrum of a
10% by volume solution of ethyl-benzene:

Accuracy |The mean value of the ratio between the two
groups of ethyl benzene (The benzene ring to
CH2+CH3) is 1:1 £0.05

Precision |Standard deviation of ten successive
integrals shall not exceed 0.01

Magnet System

System temperature

Stabilized self-condensed-field permanent magnet
including computer-controlled magnet field gradient coils.

Field strength

At 45C° - 1.42 tesla

Fringe field

On external magnet enclosure less than 1 gauss.

Clear bore size

30 millimeters diameter

Characteristics

Item Description

Al-60 Process NMR
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Measurement method

Nuclear Magnetic Resonance spectroscopy

Calibration method

Chemo-metrics

Sample conditioning

Application defendant

Wetted materials

Process compatible cell body, Ceramic pipe and

approved seal materials. Optional Hastelloy C, Monel,
PVDF and other materials

Modbus over RS485, Modbus over Ethernet, TCP/IP
over Ethernet

Communication

Physical and Environmental Specifications

Dimensions System Cabinet 196 x 75 x113 cm

Weight 450 kg

Power Consumption |3 & 380 - 415 VAC 25 A (Uninterruptable)

Operating

temperature 20°C to 25° with temperature fluctuation less than £3°C

30-70% (non-condensing)

Relative humidity

Storage temperature 0°C to +55°C

Relative humidity Maximum 95%, non-condensing

Al-60 Process NMR



List of Applicable Standards

Document Number Year of Publication or Document Title
Revision #
requirements for electrical

C 61010-1 equipment for measurement,
control, and laboratory use

cal equipment for measurement,
326-1 control and laboratory use -
EMC requirements

nafion technology equipment

P50-1 A2:2013

950-1 20013 —Sofg’ry —Part 1: General
requirements

P5/EC oltage Directive

108/EC Directive
ive on the restriction of the use of
certain hazardous substances in

55/EU . .
electrical and electronic
equipment

19/EU b electrical and electronic

equipment directive

Proper use of the Process NMR Analyzer

The Process NMR Analyzer should be installed, operated and maintained as specified
below and in other parts of this manual. Failure to operate the analyzer as specified
may produce erroneous data and possible equipment failure. Some of the

conditions for proper and improper use of the analyzers are provided as follows:

m Normal Use — The Process NMR Analyzer is designed fo contfinuously analyze a
liguid sample from a sample handling system and transmit properties of the
sample. Operation for any other use, and the results obtained from any other
use, cannot be guaranteed.

m Safe Opening and Closing — The procedures for safely opening and closing a
powered analyzer must be observed at all times.

m Corrosive Environments — The standard configuration of the analyzer is not
infended for use in corrosive environments.

m Direct Sunlight — The analyzer can be operated in indoor environments but
should not be exposed to direct sunlight.

m  Ambient Temperature — The best accuracy and precision is obtained when the
analyzer is located in a temperature-controlled environment.
Cooler ambient temperatures increase the sensitivity and stability of the
analyzer. Warmer ambient temperatures decrease the sensitivity and stability
of the analyzer.

m Electrical Power - The electrical power source for the analyzer must be
capable of delivering 3 @ 380 - 415 VAC 25A source.
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Hazardous materials — use dedicate cup on the sample tube for volatile
material. The cap must seal the sample inside the sample tube and should hold
the pressure. While handling a harmful material be sure that the location is
ventilated properly and use gloves during handling the samples.

Special Conditions for safe use

All blanks used shall be suitably certified to EN 60079-0 or metallic IP40
minimum.

Industrial Flat Panel Monitor is not intended to be used in areas that can result
in severe impact to the equipment.

No batteries are to be fitted inside enclosure.

Certification details, instructions (including any required special condition for
use) and intrinsic safety parameters for all certified equipment installed on the
pressurized

Enclosure shall be conveyed to the user in an appropriate manner.

Al-60 Process NMR 8
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Device Labeling

. b-‘ilﬁ‘ Sclut -?'u:: i - i -

Process NMR System

4IR Solutions Ltd.
42 Pinchas Rozen St. Herzlia Israel 4659057
Tel: +972-54-4300058

: Model: Al-60-EX

REF 70002100

BN JPROC-NMR-CEXXX]

[

3N = 380-415[V]

25 [A] ,50/60 [Hz]

Maximum Power: 9.5 [KW]

. Minimum Purge Flow Rate :80 [l/min]

Minimum Purge Flow Time :25 [min]
Leakage Rate:s 20 liter @ 2 mbar
Minimum Over Pressura :0.8 [mbar]
Maximum Over Pressure :3 [mbar]
Minimum Supply Pressure :4.5 [bar]
Maximum Supply Pressure :6 [bar]
Overall Internal Free Volume :700 [L]
Maximum Sample Inlet Pressure :20 [Bar]

| /N

WARNING
PRESSURIZED ENCLOSURE
DO NOT OPEN WHEN AN EXPLOSIVE ATMOSPHERE IS PRESENT
} POWER SHALL NOT BE RESTORED AFTER ENCLOSURE HAS BEEN OPENED
UNTIL ENCLOSURE HAS BEEN PURGED FOR 25 MINUTES AT A FLOW RATE OF 80 l/imin

I1 3 {1) 6 Ex db pzc (la Ga) {op is Ga) IIC T4 Gc
0°C 3 Tag40°C

Centification Number
ITS1TATEX101916X
0359
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2 System Overview

The 4IR Solutions Process NMR Analyzer is built into a self-contained cabinet, which
enables installation in an industrial environment to analyze the composition of
selected materials.

Physical Description

The Al-60 Process NMR Analyzer is designed to analyze the composition of process
fluids on an online, continuous basis. Using Magnetic Resonance (MR) spectroscopic
techniques, it can detect the presence, composition, and concenfration of
chemical constituents in a process stream and, with appropriate software, provide
closed loop supervisory control of a process unit. The range of applications is
extensive and is limited only by the availability of reliable prediction models of the
processes. Typical user benefits are increased throughput, better process control,
timely detection of off-spec product, and lower operating costs.

Analyzer System includes: Single-channel NMR Main Analyzer, industrial computer,
communications software and user interface software package.

The analyzer is installed in a customer-provided air-conditioned analyzer house
(temperature range from 20°c to 30°c with temperature fluctuation of £3°C).

The analyzer is housed in a NEMA Type 4 / IP 56 enclosure. The system is designed for
Zone 2 Gas Group lIA, IIB & IIC area classifications.

Process Probe

/Sample tube ““"--—\_‘__‘_‘

Shim and heater
Controller

Magnet
Enclosure

Magnet Module

B  Magnet (and magnet enclosure) containing a sample probe/tube for passing
the sample through the magnet.

m Heater and shim control unit for controlling temperatures of the magnet and
the magnet enclosure and controlling the currents supplied to 24 pairs of shim
coils within the magnet.

m Temperature confrol system confrolling the magnet compartment consisting of
a temperature controller and RTD as sensor

m TR switch, including LNA (Low Noise Amplifier): Switches between Tx and Rx
phases and amplifies the NMR signal

The magnet is a permanent magnet built from multiple segments of neodymium
boron iron. This material is used since it has a very high field strength-to-mass ratio and
achieves the desired flux density in a small, compact package. Since the flux must
be extremely uniform over the entire air gap, construction of the magnet is complex.
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The magnet is made-up from several segments bonded together to form the basic
assembly.

In addition to the magnetic material, there is a SHIM cassette which is inserted into
the magnet and contains 40 coils of wire located in the center of the magnet
between the pole pieces. These coils are used as small electromagnets and their
strength and polarity can be conftrolled by varying the current through them so as to
improve uniformity of the overall field of the magnet assembly. This adjustment
process is called shimming.

A manual shimming procedure performed at initial installation mechanically aligns
the faces of the magnet pole pieces to an optimum position. This procedure is
performed by adjusting pairs of fine-tuning screws on the outside ends of the magnet
housing and is required only after the magnet is shipped or moved.

Prior to assembly in the manufacturing plant, the absolute field strength of each
individual segment of the magnet is measured. A computer analysis of this data
determines the best placement of each segment in the final assembly to achieve a
consistent, uniform field for the assembled magnet. The segments are then assembled
together to form the final magnet construction.

The assembly is placed inside a soft iron box that constrains the magnetic flux and
prevents the magnetic field outside the magnet housing from exceeding a value of
as little as 1 gauss. More importantly, the iron box raises the field strength in the center
of the magnet by pushing the flux toward the center, a process called “condensing
the field".

Since the temperature of the magnet and sample must be very tightly controlled to
achieve the desired accuracy of measurement, a set of thermistors are mounted at
various points on the magnet to sense magnet temperature. A heater control unit
receives temperature measurement information from the thermistors and regulates
current to several resistance heating strips bonded to the outside of the magnet
assembly. Similarly, a set of thermistors are bonded at various points to the magnet
enclosure. The heater controller uses the thermistors signals as inputs to a control loop
which in turn, controls current to heaters bonded o the enclosure.

Al-60 Process NMR 11
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The control functions for these two temperature PID loops are performed by the
heater conftroller. Temperature of the cover is maintained at a lower temperature
than that of the magnet itself. The software that executes the conftrol algorithms is
supplied with the main system software and is shown as Heater.

Sample Probe

The sample probe enables inserting a flow tube for confinuous testing of fluids.

The sample probe is mounted inside the permanent magnet in the air gap between
the magnet poles. The probe itself is made of pure ceramic pipe which is inserted in a
hole through the shim coils cassette in the center of the gap between the pole
pieces of the magnet. The inside diameter of the ceramic sample tube is 6mm ID.

The constant magnetic field of the permanent magnet is perpendicular fo the axis of
the RF coil wound around the sample probe. The RF pulse which transmits to the coil
creates a pulsed magnetic field (B1) which is perpendicular to the constant magnet
field of the permanent magnet (BO).

Heater and Shim Controller

The Heater-Shim Controller controls the temperature of the magnet and the magnet
enclosure. The temperature of the magnet is set at 44°C and the temperature of the
enclosure is maintained at 37°C. The heater controller is mounted on top of the
magnet wall and has 4 PID loops that accept measurement input signals from the
thermistors mounted on the magnet itself and the magnet cover or enclosure. The
outputs of these PID loops control the currents to the electric heater strips that are
bonded to the outside of the magnet and the magnet enclosure.

Operation of these loops can be monitored and displayed by running the Heater
software.

Additionally, the Heater-Shim Conftroller Board controls the currents of all shim coils.
The heater-shim controller is located on the same PCB board and communicates to
the PC via a USB communication line).

The software improves the homogeneity of the magnet in various directions (x, y, or z
axes and combinations thereof) by controlling the actual currents applied to each
coil.

Al-60 Process NMR 12
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Transmitter Amplifier

The Transmitter Amplifier is located inside the NMR Spectrometer and amplifies the
signal to produce the fransmitter pulse which is time controlled by the software.

Spectrometer

The Spectrometer transmits the RF pulse and receives back the signals from the
sample, analyses the signals, and sends the spectrometric information to the
aftached computer.

The NMR spectrometer consists of power supplies and NMR console. It applies and
detects RF signals on the RF coil within the magnet.

The Spectrometer Unit contains the following major components:
NMR Console which includes:

[ | Propriety Single Board Computer (SBC) with crystal oscillator
[ Fast ADC

[ Receiver

[ | Transmitter Amplifier

The Spectrometer unit operates as follows:

The crystal oscillator generates a signal which is used as the basic frequency
and phase reference for the whole system.

The signal is buffered and sent to the Direct Digital Synthesizer (DDS) modules
on the SBC board.

The outputs from the DDS are sent to the transmitter and to the receiver.

The transmitter signal is sent to the transmitter amplifier which amplifies the
signal to produce the tfransmitter pulse which is time controlled by the
software.

The pulse signal is sent fo a duplexer circuit inside the LNA module and then to
the main coil in the probe.

The duplexer circuit switches the signal to the probe between the transmitter
and the receiver.

The received signal is pre-amplified by a Low Noise Amplifier (LNA) which is
mounted in the magnet compartment and then amplified again by the
receiver in the spectrometer.

The signal is mixed with the DDS Rx signal (60MHz+IF) to produce an
Intermediate Frequency (IF) of 200 KHz.

Al-60 Process NMR 13
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The IF signals is amplified and filtered by the anti-aliasing filter before digitized
by the fast ADC.

The digital signal from the ADC is mixed with the third DDS which splits the
signal intfo two equal channels, | and Q, phase separated by 90°. These signals
are filtered and decimated by a digital filter (FIR filters) before being
fransmitted to the PC via an Ethernet connection.

Power Supply

Power supply provides the DC power for the Shim-heater board. The power supply,
mounted alongside the NMR Spectrometer in the electronics compartment, provides
all DC operating voltages for the Shim-Heater board. The voltages are:

m +24 Volts DC
m +12Volts DC
m +5.5Volts DC
m +3.5Volts DC

External Computer

An external computer is connected to the Process NMR Analyzer, which runs the
Analyzer soffware and controls the testfing.

Communication Links

Communication between the analyzer PC (and remote PC) to a Control Room is
done via RS485/Modbus or Ethernet/Modbus or TCP/IP.

Communications between the Al-60 Process NMR analyzer and the remote computer
is handled via Ethernet or a dedicated phone line.

All systems accept internal inputs and output from the analyzer through the PLC.

Process Cabinet

The NMR analyzer is housed in a NEMA Type 4 / IP 56 enclosure; floor stands
approximately 50 mm high are welded to the body to make it a free-standing
enclosure.

The enclosure is fabricated from stainless steel or galvanized steel, with all seams
continuously welded and ground smooth. The enclosure doors are hinged for
unobstructed access to the system components. Stainless steel screws and clamps on
three sides ensure a watertight and airtight seal.

The ambient temperature in the enclosure should be maintained within +3°C.
The system is designed for ATEX Zone 2 Gas Group lIA, IIB & IIC area classifications.

Power and communication cables enter through two cable glands into terminal box
JB-1 mounted on the left side of the cabinet. Attached to terminal box JB-1 is the
interlock box which contains the main circuit breakers for the purge system and
interlock transformer, the main connector, the interlock transformer and interlocks. Al
other circuit breakers are located on the power distribution panel inside the enclosure
on the left side.

The process sample, flow info and out of the analyzer passes through the sample
valve. The purpose of this valve is to block the sample in the MRS during the analysis.
The valve is mounted on the left side of the enclosure. There are drain and flush valves
mounted on the left side of the enclosure; they are used for periodic cleaning of the
flow line tubing and the magnet probe.

Al-60 Process NMR 14
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Power and Communications Connections

Power required is 3 @ 380 - 415 VAC 25 A, three phase and uninterruptible power
connection. Installations require 5-conductor power cables with L1, L2, L3, Nand G
(ground or earth) conductors. Normally, the analyzer draws less than 16 A during
operation.

Power and communication cables enter through two cable glands into the terminal
box JB-1 mounted on the left side of the cabinet.

Power Distribution

A Power Distribution Panel is mounted inside the electronic compartment. This panel
contains all the circuit breakers for the system except for the purge system and
interlocks transformer.

Interlock

The purpose of the Interlocks is fo completely isolate any non-explosion proof
elements from the hazardous environment. The equipment contained in the NMR
enclosure is shut down (either by the purge system or by a power outage) when
threatened by hazardous gases.

Enclosure Environmental Controls

The environmental controls for the analyzer enclosure consist primarily of temperature
controls, as described in this section. Air purity within the cabinet is a function of the

air supply.
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Temperature Controls

As mentioned previously, temperature control of the magnet and its environment are
very important for suitable performance of the analyzer system. There is a need for
tight temperature control at the analyzer house; the ambient temperature in the
analyzer house should be maintained within £5°C.

Purge Control System

The system is provided with a Rapid Exchange Purging System, which uses
compressed instrument air to remove and prevent flammable vapor accumulation
within the sealed analyzer enclosure. On startup, the purge system causes rapid air
exchanges to occur and then maintains a safe positive pressure of 10 mbar.

Each system includes a conftrol valve to control the pressure and flow within the
enclosure. An Electrical Power Control Unit (EPCU), monitors operation of the purge
system and confrols power to the system. All startup requirements must be fulfilled
before the EPCU applies power to the enclosure.

To start up the purge system, do the following:
1. Verify power is available, the Rapid Exchange Timer is setf for 1 minute per 2.5
cubic feet and the air supply is on.
2. Turn on enclosure power when the rapid exchange cycle is completed.

3. If safe pressure or power is lost, make sure an alarm is activated and power is
automatically disconnected.

4. When power and safe pressure are restored, make sure the system attempts
an automatic restart.

5. To shut the system down, remove power to the system or switch the purge
system circuit breaker off.

Bypass Mode (Conditional Bypass)

In bypass mode, you can access the enclosure without automatically de-energizing
power or triggering an alarm.

To use the bypass mode, first furn the system on in the normal manner and, when safe
pressure is established, turn the key switch to the bypass position. Bypass mode
temporarily latches the enclosure power relays on.

Before returning to normal operation after you have accessed the enclosure, you
must re-seal the enclosure and wait for safe pressure to be re-established. When the
pressure is safe, you can move the key switch to the normal ON position without
interrupting power.
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Functional Description

This section describes how you can operate the Process NMR Analyzer to achieve
specific goals. It is, therefore, primarily a description of the screens and software tools
and how to use them to accomplish a task.

This section is comprised of two subsections as follows:

Applications — a list of typical process applications for which the analyzer is currently
being installed, showing the wide range of uses of the instrument.

Functional System Description — a top-level description of the complete system that
shows how the system is structured to achieve the application goal and how each
subsystem functions within it.

Applications

The table fitled “Refinery Applications” is a list of typical online process applications
for which the 4IR Solutions NMR Analyzer is currently being installed. Note that a single
analyzer system, through the use of multiple calibration models, is capable of
measuring many different process variables simultaneously from the NMR spectral
analysis of a single sample stream.

a) Measurement (Analytical) Capabilities

The primary output of the analyzer is a spectral analysis of a process sample. Although
the sample can theoretically be a liquid, solid, or gas, the applications currently being
installed are all liquids. The frace of the sample spectrum is interpreted to indicate the
presence of specific constituents of the sample and the quantity or concentration of
each constituent in the sample. The presence of a constituent is indicated by the
chemical shift of a peak, measured from a reference. The quantity of the constituent
present in the sample, or concentration, is determined by integrating the area under
the peak for that constituent. Presence and Quantity of all Constituents (Spectral
Analysis)
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i. Constituents Quantified by Integrating Peaks

Integrated peak values are not displayed graphically in any of the standard screens.
If they are required as one or more of the inputs to or outputs from a calibration
model, they may be displayed at the bottom of the screen, along with other

variables.
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b) Use of Calibration Models

Calibration or *prediction” models are mathematical models developed from

empirical data that correlate results of NMR spectral analysis (constituent

concentrations) with results of laboratory tests of other variables such as Research
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Octane Number, Motor Octane Number, Cloud Point, Pour Point, etc. These models
can then be used for online “prediction” of characteristics of the sample from the

results of the NMR analysis.

Users of the NMR analyzer can develop their own mathematical prediction
(calibration) model using software tools like the GRAMS software package from
Galactic Software of Salem, N.H. or they can participate with other 4IR Solutions NMR
users in developing general calibration models for typical processes. The general
models, which are available from 4IR Solutions NMR, offer the advantages of using
shared data from a large number of users and processes.

The following is a list of typical processes and the sample variables that can be
continuously measured online through the use of the 4IR Solutions online NMR
analyzer and 4IR Solutions-developed calibration models.

i. Refinery Applications

D86, T10, T50, T90, End Point, Cloud Point,
Pour

Diesel Blending

Point, Cetane No., APl Gravity, Viscosity,
Sulfur*

RON. MON, Benzene, RVP

Reformate

RON, MON, D86, T10, T50, T90, Benzene,
Total

Gasoline Blending

Aromatics, RVP

D86,T5, 195, RVP, API

Crude Distillation, Light Naphtha

D86, T90

Crude Distillation, Medium
Naphtha

D86, T5, 195, Sulfur*

Crude Distillation, Heavy Naphtha

D86, T5, 195, Flash Point, Freeze Point

Crude Distillation, Kerosene

D86, T5, 185, 190,195,Cloud, Pour, Flash, AP,

Crude Distillation, Light Gas Oil

Sulfur*

195, Cloud, Pour, Flash, API, Sulfur*

Crude Distillation, Heavy Gas Qil

TBP, Water, API Gravity

Crude Analysis

*Limited
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Principles of Chemo-metrics

Calibration Phase
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ii. Lab Sample Grabbing

It is imperative to keep the “Time Stamp” of the sample grabbing, since the
chemo-metric model depends and relies on the spectra taken at the exact same

fime.

Control save save
Room Spectrum Spectrum

Analyzer ) AL, Model

Sample
Grabbing

Plant Lab

Service
Center

iii. Notes on Lab Sample

It is imperative for the plant laboratory to produce accurate and reliable results, since
the chemo-metric model depends on that data. “Garbage Lab data” will result in
“"Garbage NMR results”.
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Functional System Description

Below is a block diagram that illustrates the signal processing functions performed by
the analyzer.

SAMFLE SWITCHING PROCESS
SYSTEM
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Functional Block Diagram of NMR Signal Processing

A sample stream is fed directly from the process intfo the analyzer through the probe,
through an on/off control valve (stop-flow valve), and then to drain or back to the
process. When the sample is not being analyzed, it is returned to the processin a
recycle loop. Note that in some installations the sample is sequentially selected from
up to 6 process units by the use of an automatically controlled multi-input sample
switching system.

The physical and chemical characteristics of the sample affect the uniformity of the
field and, therefore, the operation of the analyzer. Because of this, the system must
be calibrated for each type of sample and a set of parameters developed for use
with that particular type of sample. These parameters, which are largely associated
with the shimming requirements for that sample, are stored as a “shim set”. Whenever
you run that type of sample, you can recall the stored shim set for that sample.
Similarly, you also recall other sets of system setup parameters that apply to that
sample type.

In current installations, the analyzer operates on a stop-flow cycle. This means that the
probe is first flushed or purged with the sample fluid (or another purge fluid) for a
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specified time. The valve is then closed for a specified wait time, which is related to
the relaxation time of the sample nuclei. A new sample is then admitted to the probe
by opening the valve for a specified time. The valve is then closed and a main
fransmitter pulse is applied for a specified time. After a pause, the valve is then
opened for a specified time and the probe is purged. The cycle is then repeated.

Use of a stop-flow cycle means that the sample is stationary during the time the pulse
is applied and the probe is flushed between readings. Use of a stationary sample
enhances overall accuracy and resolution of the analysis.

Signal Analysis

Time Domain

Extensive signal processing in the time domain is required to produce a meaningful
NMR pulse signal that can be detected and converted to equivalent quadrature
analog audio signals (channels | and Q) and then converted to digital form for input
to the digital signal processing system in the computer. The figure below shows a
block diagram of the functions performed in the analog portion of the system to
prepare the data for input to the PC.

RF W . Probe

Anti-Aliasing Filter

PC
Computer

Etharnat

The system operates as follows:

A crystal oscillator output signal is used as a reference frequency to the 2 DDS. The
DDS multiplies, divides, and/or phase shifts the signal and outputs signals which are
used for the transmitter and receiver frequencies.

A 60 MHz signal from the DDS Tx is fransmitted to the Tx-Rx Switch and then switched
to the RF coil in the probe.

After the fransmitter pulse is removed, the nuclei relax and generate a 60 MHz signal
in the coil which flows to the Tx-Rx Switch where it is automatically switched to the
receiver input. The received signal is amplified by the LNA (Low Noise Amplifier) and
then the signal is filtered by the anti-aliasing filter before being digitized by the ADC.
This digital signal from the ADC is mixed with the second DDS which splits the signal
info two equal channels, | and Q, phase separated by 90°. The | and Q signals are
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filtered and decimated by digital filters (FIR filters) before transmitted to the PC via a
USB connection.

The signal processing functions performed in the time domain:

Quadrature detection [Quadrature detection enables the system to discriminate
between signals generated by nuclei that are processed
faster than or slower than the reference (positive and
negative frequencies), effectively increasing the
signal-to-noise ratio.

Signal averaging Signal averaging computes the average, either discrete or
running, of a series of signals to minimize random noise.
Window function The window function multiplies a time domain signal by an

exponentially decaying signal for smoothing of signal.

Remove DC offset Shifts the time domain signal by the amount of the DC
offset, centering the signal on zero.

ADC parameters User-defined analog-to-digital converter (ADC)
parameters. Users can select the total number of
samples, the sampling rate, and the bandwidth of the
conversion.

Zero fill Enables increasing the effective digital resolution of the
system by increasing the total number of samples without
increasing noise by adding samples with zero values to
those produced by the ADC.

Frequency Domain

After time domain signals are converted to frequency domain by the Fast Fourier
Transform (FFT) process, they are further processed by numerical methods and
software functions to produce frequency domain data that accurately represents the
composition of the process sample. The types of signal processing available are:

m FFT (Fast Fourier Transform)
B  Woody Averaging

m Remove DC Offset

m Baseline Correction

m  Finding Peaks

m Sefting Peak References
m Performing Integrals

m Phase Correction
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NMR Analyzer Software

The Process NMR is connected to an external computer that runs software to analyze

the NMR signals. The following software components are part of the Process NMR

Analyzer system:
m NMR Server
m  Process NMR Client
m Heater Client
m Diagnostic Client

m Al - Proprietary Communication Software

NMR Server

The NMR Server is a software application that works in the background,
communicating with and controlling the Process NMR Analyzer.

The NMR Server must operate before operating any other NMR software application.

- () ]

Aspect NMR Server
System Status Report

S [T Administrator Mode

TRANSMITTER_FPGA
TRANSMITTER_ANALOG_BOARD

Upgrade Shim/Heater
Eirmware

MODE_MASTER
INTERNAL_REF_CLOCK

Crawer 1D =1 Uporade Amos

Slet 1D =0

IP Address: 10.0.0.82 |
MAC Address: 0.1053.0.2.2

HW Version. Tx FPGA: V1.96 Rx FPGA: V196

SW Version. TxEmbedded: V1.9.8 RxEmbedded: ¥1.9.8

< Initiglization Emor = (el =

< GlobalEmor (k0=

Global Emor = (el

Stop Sequence |

Reset Amos |

Copyright © 2014 - Aspect Imaging
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Lab NMR Client

The Lab NMR Client Application is the application used to configure the NMR

experiment parameters.
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Process NMR Client

The Process NMR Client Application is the main application used to control and

operate the Process NMR Analyzer.
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The Heater Client is an application that monitors and confrols the core temperature
of the NMR magnet core. It operates a series of heating elements in the magnet
core, maintaining a stable and uniform temperature for the entire magnet core.
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Diagnostic Client

The Diagnostic Client application performs a diagnostic scan of the NMR sensors,
returning the sensor readings for the tested material. The user can initiate an NMR test
scan, without opening the NMR Process Client application.
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Al - Proprietary Communication Software

The Process NMR Analyzer system includes communication software that enables the

operator to control the communication between the Process NMR Analyzer and the
control room. This software is transparent to the user, operating in the background.

Al-60 Process NMR

29



System Overview

PLC Communication and Configuration description

™M 17241 M l@w 5-71200 PLC
485 Serial 485 Serial TCPSIP: 192.168.0.200
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