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Application: Steam Cracking Optimization
Cracker Facility Capacity: 600,000 Tonnes per Year

Installed 2000

Control Strategy: Feed Forward Detailed Hydrocarbon Analysis to SPYRO Optimization

NMR Analysis:
NMR PLS Outputs:
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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%)
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USO06080301A
United States Patent (. 1 Patent Number: 6,080,301
Berlowitz ef al. [45] Date of Patent: Jun. 27, 2000

[54] PREMIUM SYNTHETIC LUBRICANT BASE K.I. Zimina, et al, “Method of Comprehensive Invesiigation
STOCK HAVING AT LEAST 95% NON- of the Composition, Structure and Properties of Oil Hydro-
CYCLIC ISOPARAFFINS carbons”, Scientific Papers of the Prague Institute of Chemi-

cal Technology, D 46 (1982), Technology of Fuel, pp.
Inventors: Paul J. Berlowitz, E. Windsor; Jacoh 89-103.
J. Habeeh, Westficld, both of N, - D. Christakudis, et al, “Several Propertics of Lubricating
Robert J. Wittenbrink, Baton Rouge, Oils Produced by Thermal Diffusion”, Organic-Technical
La. Chemistry, Chemistry Dept. at the Bergakademie at Freiberg
and presented to the 10th International Symposium “Lubri-
cants, Lubrication and Bearing Engineering” (Aug. 27-31,
1998), pp. 32-41.

G.E. Cranton, “Composition_and Oxidatio

ExxonMobil Research and
Engineering Company, Florham Park,
N.JL

Col4,line514, nwith at | east H50% of the oil mol ecul es con
branches. At least half, and more preferably at least 75% of the remaining branches are ethyl, with less than 25% a
preferably less than 15% of the total number of branches having three or more carbon atoms. The total number of b
carbon atoms is typically less than 25%, preferably less than 20% and more preferably no more than 15%l1&24j),0£0
the total number of carbon atoms comprising the hyd

Col12,Line421, AWhat 1is c¢clai med i s:

1. A lubricant base stock comprising at least 95 wt. %a\artic iseparaffins 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 the
the total iseparaffin branches contain two or more carbon atoms.

2. A base stock according to claim 1 wherein at least half of theasaffin branches are methyl branches.

3. A base stock according to claim 2 wherein at least half of the remainingneityl 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 thenetmyl branches are ethyl.

5. A base stock according to claim 4 wherein of the total number of carbon atoms contained wp#raffsomolecule, 10
15% of the carbon atoms are | ocated in the branches



BE® Process NMR Associates

30 20 15

8.5215.27 7.56 11.82 05732 4.81 1.37 0.35 1286 0.93 1.63
3.74 58473 . 100889 4.87 0.85 1.041446 1.23




BE® Process NMR Associates

IH-13C DEPT NMR of FT Wax or Lubricant Oil or Vacuum Gas Oil

Wwiiju_m_w

CH; Carbons

CH, Carbons Mu

CH Carbons \

Al protonated Carbors, ., 1.4,

45 40




BE® Process NMR Associates Exxon FFwax Patent

13C NMR Assignments for Various Paraffins Structure Types
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Ed Microsoft Excel - 13C-NMR Calculations.xls
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Chemistry
Reg1
Alpha’
Reg2
Gamma
Regl
Gamma’
Epsilon
Delta
Regd
Beta’
Regh
p-Bu
t-Bu
Peak x
Beta
2-Me
Regh
Sub-Me
3-Me
Vicinal-Me_1
Adj-Me
Vicinal-Me_2
p-Pr
t-Pr
4-Me
Alpha
Vicinal-Pr
t-Ethyl
p-Ethyl
Vicinal-Ethyl
suMm

Start

54 4217
37.4618
37.0705
323322
319268
30.2863
30.0879
29.6998
29 2858
27 4744
270432
23.4808
23.2307
23.1099
23.0236
22739
22 4285
20.0652
19.4701
16944
16.8802
16.2764
148878
14 56
14 3874
14.3013
13.7579
11.7913
11.2393
10,7477

End
374618
37.0705
32.3322
31.9268
30.2863
30.0879
29.6998
29.2858
27 4745
27.0432
23.4808
23.2307
23.1099
23.0236

22739
22 4285
20.0652
19.4701

18944
16.8602
16.2764
14.8878

14.56
14 3875
14.3013
13.7579
11.7913
11.2393
10,7477
7.02966

Integral

54 2896
34.087
130.169
18.2366
48.1432
32.1291
116.255
24.0075
36.5068
34.9705
645681
5.09098
2.99822
1.33329
258127
6.05213
14.8673
32.5283
5.83877
3.91426
1.85294
4.50949
6.12558
4 60574
211832
25 9275
4.20472
4.90747
8.67642
3.4342
" 754.7265

Parameters Calculated on Percent Basis |_Fraction
Linear paraffin structure

Paraffin branching

proximity

Alpha-Methyl Content

0154
0.034
0.128

I 0.279 _l

Per 100C
2786
16.40

344
12.83

Branch Carbons
20.36392
11.99288

6.05213

32.5283
583877
3.91426
1.85294
4.50949
18.37674
13.81722
211832

12.61416
9.81494
17.35284
68684
161.1469

Sum of Branches
80.79487

Linear paraffin structure
Epsilon Carbon Content
Alpha-Methyl Termination

38 Branching index Carbon CH3 percentage - Gives Mumber of Branches
39 |Total Branching Index 0.223 22.26 Carbons Located in a Branch - Bu=4C, Pr=3C, Et=2C. Me=1C
HoA b HNASBACH D EAFAGAHATAIAKALAMANLZOLP AQARASATAULN S D\rerview;(' Patent50081t|<|
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34 |Parameters Calculated on Percent Basis |_Fraction | Per 100C i
| 35 |Linear paraffin structure I 0.279 _| 27 86 Linear paraffin structure

36 |Paraffin branching proximity 0.154 15.40 Epsilon Carbon Content

37 |Alpha-Methyl Content 0.034 344 Alpha-Methyl Termination

38 Branching index 0.128 12.83 Carbon CH3 percentage - Gives Mumber of Branches

39 |Total Branching Index 0.223 2226 Carbons Located in a Branch - Bu=4C, Pr=3C, Et=2C, Me=1C

40 |Carbans in Branched Environment 0.721 72.14 Carbons in a branch or within 4 carbons of a branch

41 | Average straight chain length 17.90

42 |Methyl branching index 0.075 753 Mumber of Methyl Branches

43 |Ethyl branching Index " 0023 2.25 Mumber of Ethyl Branches

44 |Propyl branching Index 0.020 1.98 MNumber of Propyl Branches

45 |Butyl branching Index "0 1.07 MNumber of Butyl Branches

46 Total C1 - C4 Alkyl Branching 0.128 12.83

47 |Total Ethyl branching content 0.045 4.51 Includes Both Carbons in Content

48 |Total Propyl branching content 0.059 594 Includes all 3 carbons in Content

49 |Total Butyl branching content 0.043 429 Includes All 4 carbons in Content

50 |Methyl t-p ratio 0.342 2-,3-.4- Methyl are terminal, Sub-Me is pendant, Vicinal is Pendant

51 |Ethyl t-p ratio 0.566 o
52 |Propyl t-p ratio 0.752

53 |Butyl t-p ratio 0.589

54 6008164 Pendant Carbons 0.082 8.16 Pendant Carbons are attached at Epsilon + Excludes 2-Me, 3-Me, 4-Me t-Et, t-Pr, t-Bu

55 16008164 Attachments for C4-C22 (delta in) 0.084 8.45 Pendant Carbons are attached at Delta + Excludes 2-Me, 3-Me, t-Et, t-Pr, -Bu

56

57 |[1TH NMR CH3 CH2  Total Aliphatic H

58 37.99 108.57 146.56

59

60 |Mobil Parameter A 18.22 Bl 25.92 Mobil Patent 6090989 Branching Index (Bl) from 1H NMR {CH3/Total Aliphatic-H) and Proximity of Branching from 13C

61 |Mobil Parameter B 39.01 2592

62

63 Avg C number from D2502

64 |Free Carbon Index 6.01 39 Exxon Patent 6676827 Free carbon Index

65

66 |Mumber of Malecules Per 100C 2.56

67

68 |Parameters Calculated on a per Molecule Basis

69 |Linear paraffin structure 0.109 10.86 Linear paraffin structure

70 |Paraffin branching proximity 0.060 6.01 Epsilon Carbon Content

71 |Alpha-Methyl Content " 0013 1.34 Alpha-Methyl Termination

72 |Branching index 0.050 5.01 Carbon CH3 percentage - Gives Mumber of Branches -
W4y MNALBACADAEAFAGAH AT I AR ALAMANL 0P A QA RAS AT AUV Overview £ Patent 6008164 4 Patent 6080301 4 Mobil (]« | | [
o~ [y [auoshepes- \ NOOCEHBEA IR > L-A-=S=2BF.
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108/ Parameters Calculated on a per Molecule Basis | Per Molecule
Linear paraffin structure
Paraffin branching proximity
Branching index I |
Total Branching Index
Carbons in Branched Environment
Methyl branching index
Ethyl branching Index
Propyl branching Index
Butyl branching Index
113|Total C1 - C4 Alkyl Branching
9|Total Ethyl branching content
120/ Total Propyl branching content
121/ Total Butyl branching content
6008164 Pendant Carbons
6008164 Attachments for C4-C22 (delta in)
H NMR CH3 at%

Mobil Parameter A
Mobil Parameter B
D2502 Awg Carbon Mo.
e Carbon Index
Number of Molecules Per 100C
Patent 6,008,164
Free carbon Index =3
4 Containing Up to 4 Alkyl branches
Containing Up to 4 Methyl branches
6 Pendant Carbons less Than 4
137|Total Attachments
Attachments for C4-C22
139|Methy! Attachrments
Attachments Longer Than Methyl
Free carbon Index
MNumber of Terminal Carbons
3|MNurmnber of Pendant Carbons
Average Length of Attachments
Patent 6,165,949 and 6,080,301 Patent Standard Infringe




