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Company: Process NMR Associates, LLC

Founded : 1997

Personnel: 2 Ph.D. Chemists

Background: Analytical and Process Spectroscopy in Petroleum and Petrochemical Industry 
Process NMR Applications and Support Under Contract to Invensys (1997-2003)
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Oxford Instruments 20 and 2 MHz Bench-top NMR
Resonance Systems NMR Spectrometer – 20 MHz Bench-top and Surface Analyzer
Shimadzu GC-2010 – Simulated Distillation
Smiths Detection – FTIR-ATR

Business:      Application Development for Process NMR Technology
Process NMR Instrumentation Development and Implementation
Analytical NMR Services for 300+ Commercial and Academic Customers
Process and Laboratory NMR Database Development
Licensing of Copyrighted NMR Databases and Patented Applications

Business Partners:    TTC Labs, USA (ttclabs.com)     Modcon Systems, Israel (modcon-systems.com)
Qualion, Israel (qualion-nmr.com)     Smiths Detection, USA  (smithsdetection.com)
Resonance Systems, Russia (mobilenmr.com)   Swagelok, USA (swagelok.com)
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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 – Detailed PIONA

C4-C10 n-paraffin, i-paraffin, aromatics, naphthenes
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Application: Closed Loop Reformer Control                 Installed 1998
Reformer Capacity: 34,000 Barrels per Day
Control Strategy: Control on MON and Benzene Content
NMR Analysis: 2 Minute Analysis
NMR PLS Outputs: RON, MON, Benzene (Wt%), Total Aromatics (Wt%)



Col 4, line 5-14, “with at least 50% of the oil molecules containing at least one branch, at least half of which are methyl 
branches. At least half, and more preferably at least 75% of the remaining branches are ethyl, with less than 25% and 
preferably less than 15% of the total number of branches having three or more carbon atoms. The total number of branch 
carbon atoms is typically less than 25%, preferably less than 20% and more preferably no more than 15% (e.g., 10-15%) of 
the total number of carbon atoms comprising the hydrocarbon molecules.”

Col 4, line 24-29, “Thus, the molecular make up of a base stock of the invention comprises at least 95 wt. % isoparaffins
having a relatively linear molecular structure, with less than half the branches having two or more carbon atoms and less 
than 25% of the total number of carbon atoms present in the branches.”
Col 12, Line 4-21, “What is claimed is: 
1. A lubricant base stock comprising at least 95 wt. % non-cyclic iso-paraffins having a molecular structure in which less 
than 25% of the total number of carbon atoms of the isoparaffin structure are contained in the branches and less than half of 
the total iso-paraffin branches contain two or more carbon atoms. 
2. A base stock according to claim 1 wherein at least half of the iso-paraffin branches are methyl branches. 
3. A base stock according to claim 2 wherein at least half of the remaining, non-methyl branches are ethyl, with less than 
25% of the total number of branches having three or more carbon atoms. 
4. A base stock according to claim 3 wherein at least 75% of the non-methyl branches are ethyl. 
5. A base stock according to claim 4 wherein of the total number of carbon atoms contained in the iso-paraffin molecule, 10-
15% of the carbon atoms are located in the branches.”

Col 2, line 8, “These base stocks are premium 
synthetic lubricating oil base stocks of high 
purity having a high VI, a low pour point and are 
iso-paraffinic, in that they comprise at least 95 
wt. % of non-cyclic iso-paraffins having a 
molecular structure in which less than 25% of 
the total number of carbon atoms are present in 
the branches, and less than half the branches 
have two or more carbon atoms.”
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Quantitative 13C NMR of F-T Wax
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Quantitative 13C NMR of F-T Wax    - Vertical Expansion
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1H-13C DEPT NMR of F-T Wax

All Protonated Carbons

CH Carbons

CH2 Carbons

CH3 Carbons
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Residual Catalytic Cracking – Feed-stream Analysis

Analysis – Refractive Index, Distillation, Specific Gravity

Calculation – Watson K-Factor  

Outcome: aromatic carbon number
aromatic hydrogen number
total hydrogen content

Proposition: Detailed hydrocarbon analysis for kinetic model development
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300 MHz - 1H NMR – RCC Feeds
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0.9340.9120.6560.9210.913Tetra+ aromatics

0.8630.9390.8620.9110.941TriAromatics

0.8970.9510.8660.9450.927Diaromatics

0.8970.9540.9120.9410.930Monoaromatics

0.9410.9650.9040.9460.936Total Aromatics

0.8620.9220.8190.9140.925HYDROGEN

0.9970.9980.9260.9510.958Carbon Aromaticity

0.9620.9790.8550.9640.931SULPHUR

0.8750.9310.7270.9520.940MCRT

‐0.935‐0.951‐Viscosity Index

0.9740.9820.9240.9830.961Density at 15oC

C‐Type Spectrum13C NMR‐ 1 ppm BinH‐Type Spectrum1H NMR ‐ 0.1 ppm Bin1H NMR 0.1 ppm BinParameter

75 MHz Carbon‐13300 MHz Proton60 MHz Proton
Resonance 
Frequency

Summary of RCC Feed NMR Analysis – Correlations to Physical/Chemical Properties



Density by 13C NMR
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13C NMR Correlation to Density



1H NMR Correlation 
to Density

1H NMR - Density Correlation
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Density - H-Type Parameters
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Density Correlation with
Proton Type Parameters



Density - C-Type Parameters
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Density Correlation with
Carbon Type Parameters
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Variable Selection Process 

Reduces Number of Variables

Linear Equations that Describe
Density in terms of 13 Carbon
Type Parameters
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Carbon Aromaticity Corrletaed by 1H NMR
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13C NMR Branching Index - 1H NMR
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Summary

Chemical and Physical Properties of RCC Feedstreams can be determined
by 1H NMR (at 60 and 300 MHz) and by 13C NMR

H-Type and C-Type Parameters do not provide as good a correlation as is observed
by full spectrum regression. This is due to loss of resolved chemical shift information 
when the spectrum is reduced to larger integral areas.

1H NMR can be combined with PLS regression modeling to provide detailed carbon
type analysis for RCC Feeds

Regression analysis of 13C NMR data can be utilized to fully automate the prediction
of 13C NMR type analysis : reducing the necessity for considerable knowledge and 
analysis time on the part of the analyst.
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Parallel Work

Similar analysis has been performed on:

Crude Oil  - TBP, Density, Water
Canadian Syncrude - Olefins, Density, Distillation
Vacuum Residues – Distillation, Density, 13C Parameters
Naphtha – Density, PIONA, Distillation
Gasoline – Octane, Benzene, Oxygenates, Distillation, Aromatics
Kerosene – Distillation, Smoke Point
Jet Fuel – Cloud Point, Freeze Point, Distillation, Density
Diesel – Density, Cloud point, Flash, Distillation, Cetane Index
Reformate – Octanes, Benzene, Aromatics
Alkylate – Octane, Distillation
Lubricant Oil – Pour, VI, Distillation, 13C Parameters
FT-Waxes – 13C Parameters
VGO – FCC Feeds (Same as RCC Feeds)
Biodiesel


