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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 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.”  
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Quantitative 13C NMR of F-T Wax 
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1H-13C DEPT NMR of F-T Wax or Lubricant Oil or Vacuum Gas Oil 

All Protonated Carbons 

CH Carbons 

CH2 Carbons 

CH3 Carbons 
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Residual Fluidized Catalytic Cracking  

Feed-stream Analysis 
 

Traditional Analysis – Refractive Index,  

Distillation,Viscosity Specific Gravity 
 

Calculation – Watson K-Factor   
 

Outcome:    aromatic carbon number 

                    aromatic hydrogen number 

                    total hydrogen content 

 

 

 

 

 

 

 

 

 
NMR Proposition: Detailed hydrocarbon analysis for kinetic model development 
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Parameter 1H - Type Analysis 

1 Total aromatic 

2 Diaromatic+ protons 

3 Monoaromatic protons 

4 Total olefinic 

5 RHC=CH2 

6 RHC=CHR 

7 RHC=CH2 

8 Oxygenates protons 

9 Total a protons to aromatics 

10 a-CH to aromatics 

11 a-CH2 to aromatics 

12 a-CH3 to aromatics 

13 Saturates 

14 Paraffinic CH 

15 Paraffinic CH3 

16 Paraffinic CH3 

17 Substituted aromatic carbon 

18 Bridgehead carbons 

19 Total aromatics (wt %) 

20 Mono aromatics (wt %) 

21 Di+ aromatics (wt %) 

22 Benzene (wt %) 

23 Olefin functions (wt %) 

24 Oxygenates (wt %) 

25 Saturates (wt %) 

H-Type NMR Analysis 

Depicted as a “Spectrum” 
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Index 

Carbon Type Parameters (%C Unless Otherwise 

Listed) 

1 Ketone carbonyl carbon 

2 Aldehyde carbonyl carbon 

3 Carboxylic acids, esters and amides carbonyl carbon 

4 Phenoxy carbon 

5 CH2 & CH subsituted aromatic carbon 

6 Naphthenic sub aromatic carbon 

7 CH3 substituted aromatic carbon 

8 Half of internal Aromatic Carbon 

9 Protonated Internal aromatic C 

10 Protonated Aromatic Carbon 

11 Heteroaromatic other than phenoxy carbon 

12 Methine carbon 

13 Methylene carbon 

14 Methyl carbon 

15 Total carbonyl carbon 

16 Total aromatic carbon 

17 Aliphatic sub aromatic carbon 

18 Methyl-substituted aromatic carbon 

19 CH2 & CH substituted aromatic carbon 

20 Naphthenic substituted aromatic carbon 

21 Internal aromatic carbon 

22 Peripheral unsubstituted aromatic carbon 

23 Total heteroaromatic carbon 

24 Total olefinic carbon 

25 Total aliphatic carbon 

Index 

Carbon Type Parameters (%C Unless Otherwise 

Listed) 

26 Aliphatic methine carbon (CH) 

27 Aliphatic methylene carbon (CH2) 

28 Aliphatic methyl carbon (CH3) 

29 Total paraffinic carbon 

30 Paraffinic methine carbon (CH) 

31 Paraffinic methylene carbon (CH2) 

32 Paraffinic methyl carbon (CH3) 

33 Total naphthenic carbon 

34 Naphthenic methine carbon (CH) 

35 Naphthenic methylene carbon (CH2) 

36 Naphthenic methyl carbon (CH3) 

37 Reg1 

38 a' 

39 Reg2 

40 g 

41 Reg3 

42 g’ 

43 e 

44 d 

45 Reg4 

46 b' 

47 Reg5 

48 pendant-Bu 

49 terminal-Bu 

50 Peak x 

Index Carbon Type Parameters (%C Unless Otherwise Listed) 

51 b 

52 2-Me Substitution 

53 Aromatic a methyl carbon 

54 All other-Me 

55 3-Methyl 

56 Reg7 

57 pendant-Pr 

58 terminal-Pr 

59 4-Methyl 

60 a  

61 terminal-Ethyl 

62 pendant-Ethyl 

63 

Linear Paraffin Structure: % Linear Paraffin/Total 

Paraffin 

64 Waxiness : % Epsilon C/Total Paraffin 

65 Branching Index: %Branching CC/Total Paraffin  

66 Total Branching Content: % C Near Branching C/Total C 

67 

C in Branched Environment: % 1-linear paraffin 

structure 

68 Average Straight Chain Length   (C No.) 

69 Methyl branching index 

70 Ethyl branching Index 

71 Propyl branching Index 

72 Butyl branching Index 

73 Total ethyl branching content 

74 Total propyl branching content 

75 Total butyl branching content 

Calculated C-Type Parameters 
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Resonance 

Frequency 
60 MHz Proton 300 MHz Proton 75 MHz Carbon-13 

Parameter 
1H NMR  

0.1 ppm Bin 

1H NMR 

 0.1 ppm Bin 

H-Type 

Spectrum 

13C NMR 

1 ppm Bin 

C-Type 

Spectrum 

Density at 15oC 0.961 0.983 0.924 0.982 0.974 

Viscosity Index - 0.951 - 0.935 - 

MCRT 0.940 0.952 0.727 0.931 0.875 

SULPHUR 0.931 0.964 0.855 0.979 0.962 

Carbon 

Aromaticity 
0.958 0.951 0.926 0.998 0.997 

HYDROGEN 0.925 0.914 0.819 0.922 0.862 

Total Aromatics 0.936 0.946 0.904 0.965 0.941 

Monoaromatics 0.930 0.941 0.912 0.954 0.897 

Diaromatics 0.927 0.945 0.866 0.951 0.897 

TriAromatics 0.941 0.911 0.862 0.939 0.863 

Tetra+ aromatics 0.913 0.921 0.656 0.912 0.934 

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



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 by 13C NMR
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13C NMR Correlation to Density 



Density - C-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 



13C Parameter 
1H 

NMR 

13C 

NMR 

Total aromatic carbon 0.980 0.996 

Aliphatic substituted aromatic carbon 0.962 0.999 

Methyl-substituted aromatic carbon 0.970 0.994 

CH2 & CH substituted aromatic carbon 0.935 0.996 

Naphthenic substituted aromatic carbon 0.973 0.996 

Internal aromatic carbon 0.949 0.994 

Peripheral unsubstituted aromatic carbon 0.950 0.996 

Total heteroaromatic carbon 0.275 0.976 

Total aliphatic carbon 0.952 0.997 

Aliphatic methine carbon (CH) 0.932 0.999 

Aliphatic methylene carbon (CH2) 0.976 1.000 

Aliphatic methyl carbon (CH3) 0.610 0.996 

Total paraffinic carbon 0.984 0.995 

P methine carbon (CH) 0.876 0.940 

P methylene carbon (CH2) 0.987 0.998 

P methyl carbon (CH3) 0.810 0.960 

Total naphthenic carbon 0.964 0.989 

N methine carbon (CH) 0.927 0.996 

N methylene carbon (CH2) 0.957 0.987 

N methyl carbon (CH3) 0.809 0.966 

N methine/N methylene ratio 0.085 0.878 

Mole fraction bridgehead aromatic  C 0.448 0.899 

Aromatic carbons per aromatic group 0.697 0.895 

13C Parameter 

 

Cluster number (=aromatic cluster size) 

1H 
NMR 
0.941 

13C 
NMR 
0.995 

Aliphatic substitutions per cluster 0.087 0.906 

Methyl-substitutions per cluster 0.379 0.909 

CH2 & CH substitutions per cluster 0.063 0.899 

Naphthenic substitutions per cluster 0.227 0.910 

Heteroatoms per cluster 0.032 0.926 

Naphthenic CH3 per cluster 0.449 0.906 

# of naphthenic ring carbons per cluster 0.524 0.924 

Naphthenic rings per cluster 0.317 0.939 

# of paraffinic carbons per cluster 0.892 0.934 

Average chain length of paraffinic substitutions 0.913 0.932 

Linear paraffin structure  0.972 0.976 

Waxiness : e/total paraffin 0.977 0.983 

Branching index  0.973 0.972 

Total branching content 0.964 0.972 

Carbons in branched environment  0.972 0.976 

Average straight chain length 0.967 0.986 

Methyl branching index 0.972 0.962 

Ethyl branching Index 0.945 0.945 

Propyl branching Index 0.919 0.932 

Butyl branching Index 0.919 0.951 

Total ethyl branching content 0.946 0.946 

Total propyl branching content 0.919 0.933 

Total butyl branching content 0.917 0.950 

Correlation of 1H and 13C NMR Spectra to 13C Derived Parameters 
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Carbon Aromaticity Corrletaed by 1H NMR
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1H and 13C NMR Correlation to Carbon Aromaticity 
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13C NMR Branching Index - 1H NMR
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13C NMR Branching Index - 13C NMR
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Branching Carbons/Total Paraffinic Carbons 
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Summary 

 

Chemical and Physical Properties of RCC Feed-Streams 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. We assume that this is due to loss of resolved chemical  

shift information when the spectrum is reduced to larger integral areas.  

However, these approaches allow transfer of calibration models between NMR  

instruments at different magnetic fields. 

 
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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Other 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  and Intermediates – Pour, VI, Distillation, 13C Parameters 

FT-Waxes – 13C Parameters 

VGO – FCC Feeds (Same as RCC Feeds) 

Biodiesel and Diesel/Biodiesel Blends  

Edible Oils – Fatty Acid Distributions 

 


