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High Resolution FT-NMR ïOnline / in Process



NMR Sample System and Placement
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NMR Lock   - External 7Li Lock @ 22.5 MHz Shim DACs Built into the Magnet Enclosure

Matrix Shimming Performed 

by Optimizing FID RMS
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New magnet design solves the problem of:

Long term and short term Stability

Temperature sensitivity  

State of the Art electronics:

Smaller foot-print

40 Shim coils on 2 single PCB

Integrated PCB for  Shim & Heater Control 

Digital RF & Acquisition ï

improve SNR

New concept of Process Probe:

Entire sample pipe through

without contact with the system

Much better temperature

insulation  

Higher Q (better sensitivity)

New Software:

Includes new algorithm for   

standard and global Models

Fully automated process capacity

Extensive remote diagnostic capabilities 

New Magnet System   
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Advantages and Disadvantages of NMR Applied to Process Control

Advantages:

Non-Optical Spectroscopy

No Spectral Temperature Dependence

Minimal Sampling Requirements

Spectral Response to Sample Chemistry is Linear

Chemical Regions of NMR Spectra are Orthogonal

Entire Volume is Sampled by the RF Experiment

Water is in Distinct Region and can be digitally removed

Detailed Hydrocarbon information is readily observed.

Fundamental Chemical Information Can be Derived Directly from Spectrum.

Colored/Black Samples Readily Observed Without Impact

Disadvantages:

Solids Cannot be Observed in a Liquid Stream

Individual Molecular Component Sensitivity Not Observed Directly in the Spectrum.

Low Sensitivity to Impurities ïQuantitative > 500 ppm.

Sensitive to Ferromagnetics.

Sample Viscosity Causes Decrease in Resolution

Non-Hydrogen Containing Species are Not Observed (Exceptions Na, P, F, Al)
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Application: Steam Cracking Optimization   Installed 2000
Cracker Facility Capacity: 600,000 Tonnes per Year

Control Strategy:    Feed Forward Detailed Hydrocarbon Analysis to SPYRO Optimization

NMR Analysis: 3-4 Minute Cycle (Single Stream)

NMR PLS Outputs:    Naphtha ïDetailed PIONA

C4-C10 normal-paraffin, iso-paraffin, aromatics, naphthenes
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Cyclohexane

Beta Coefficients
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Cyclopentane

Date
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Online NMR Applications Timeline

1993 - Development of Laboratory Based process NMR Methodologies

1995- BTU Analysis of  Refinery Fuel Gas

1995- Sulfuric Acid Strength in Emulsion Zone of Stratco Acid Alkylation Unit

1999 - Diesel Blending System

1999 - Reformer Control System

2000 - Naphtha Cracker Feed Analyzer ïFull GC PIONA

2000 - Crude Unit Analyzer

2000 - Crude Blending System

2001 - Gasoline Blending System,  

2001 - Base Oil Manufacturing Analyzer

2002 - FCC Unit Analyzer



Process NMR Associates

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0:00:00 0:14:24 0:28:48 0:43:12

Acid CH3 Intensity

Anhydride CH3 Intensity



Process NMR Associates



Process NMR Associates

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0:00:00 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24 0:17:17 0:20:10

Methyl Ester CH3

Acetic Anhydride CH3

Acetic Acid/Ester CH3



Process NMR Associates

0.00

2.00

4.00

6.00

8.00

10.00

12.00

0:00:00 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24 0:17:17

Methyl Ester 
CH3

Acetic 
Anhydride CH3

Acetic 
Acid/Ester CH3

2   ppm3456


