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Over the years much debate has centered around the validity and accuracy of NMR Aromatic Carbons . |

measurements to accurately describe the sample chemistry of heavy petroleum C NMR - Slurry Ol Coal Asohaltene H
materials. Of particular issue has been the calculated size of aromatic ring systems that in 1 P
general seem to be underestimated in size by NMR methods. This underestimation is Comparison of
principally caused by variance in chemical shift ranges used by researchers to define the Quantitative NMR with
aromatic carbon types observed in the 13C NMR spectrum, in particular the bridgehead DEPT-45 NMR
aromatic carbons that can be shown to overlap strongly with the protonated aromatic ﬂ
carbons. The ability to discern between bridgehead aromatic carbons and protonated
carbons in the 108-129.5 ppm region of the spectrum is key in the derivation of
molecular parameters that properly describe the "molecular average" carbon structure
present in the sample. Utilizing methodologies developed by Pugmire and Solum? for the
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solid-state 13C NMR analysis of coals and other carbonaceous solids we have developed a

liquid-state 3C NMR methodology that allows the relative quantification of overlapping A

protonated and bridgehead aromatic carbon signals to be determined. The NMR Pratonated Cartans Orly

experiments involve the combined analysis of both quantitative 13C single pulse excitation J DEPT-45 L

which observes "all carbons in the observes only the protonated carbons in the sample. o DEPT m
Though the DEPT-45 results are not quantitative across all carbon types (CH, CH,, and e " ”” i o 0 2 em

CH;) due to polarization transfer differences, the technique is well enough understood

Integration of respective aliphatic carbon zones
that simple multiplication factors allow the relative absolute intensities of the different 5 P y

carbons to be determined. An additional aspect of the experiments is the addition of a | for normalization calculation N Petroleum Asphaltene
standard material (Polyethyleneglycol (PEG) polymer) that allows the calculation of the Carbon | Multiplication
absolute percentage of the carbons that are observed by the 13C NMR technique. This Type Factor
allows the relative amount of bridgehead carbon to be calculated by direct comparison of rﬁ CH 1 414
the aromatic region with the standard signal intensity. The average ring system sizes p / CH 1.000
derived from these NMR experiments tend to be several ring systems larger than has f 2 '
been calculated in previous studies. In asphaltenes for example the ring systems are 5-7 CH3 0.943
rings in size rather than the 3-4 rings reported previously?. The ring sizes determined by J’
this new combined NMR method are in agreement with FTICR-MS and fluorescence w J“ SPE
measurements3®. W Ao
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C v 1/(2) 1/ (2) Shift Range| . | carbons x,, and aromatic cluster size (C).
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b Fy 90-240  |Carbon Aromacity rom Sofum, et al. thersy e, 3, ’ . Vacuum GaS O”
Fy' 90-165  |Aromaticity - not including Carboxyl/Carbonyl P, =F,- Fac

F ¢ 165-240  |Carboxylic and Carbonyl Carbon
d

[j|-|! Carhons [:]nhf FaCO 185-240 | Carbonyl - Ketone, Aldehyde
FaCOO 163-185  |Carboxylic - Acid, Ester, Amide
Fap [50-165  [Phenolic Aromatic Carbon
i FaS [35-150 | Alkyl-Substituted Aromatic Carbons
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FaN 90-165  |Non-Protonated Aromatic Carbon FaN =F,'- FaH
paB 90-165  |Bridgehead Aromatic Carbon faB - paN ] pa-P ] FaS
Byl 0-50 Total Aliphatic Carbon
3 50-90 Oxygenated Aliphatic Carbon
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Fal 0-22 Methyl Carbons Fy* =Fy - Fy ar - - - o0 " o0 -
Xh Mole fraction of Bridgehead Carbons Xy = FaB /F,
DEFT-135 C Carbons per Aromatic Cluster See Figure 24 - C is caleulated from Xb |
8 Protariated Cathons | Carbon NMR Parameter Slurry Ol VGO  Petroleum Asphaltene Coal Asphaltene Pyrolyzed Coal Extract
g+l Average Number of Alkyl Attachments 6+ 1=(F LT 5) x O, o/ (F.C
Fy Tl a Carboxyl Carbon % (F,") 0.00 0.00 0.00 0.00 1.13
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III||II PO Frac‘[ion{)fm’[actgridgesandLoopS PO_(FaP+FaS_Fal*)/(Fap_l_FaS) CarbonAroma“Clty OA) (Fa) 57.76 37l48 53l49 51'86 87l23
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BL. Bridge and Loop Alkyl Attachments BL =P, (5+1) Carbon Aromaticity (No CO) % (F3) 57.76 37.48 53.49 51.86 87.23
DEFT-40 —M‘th%u SC Terminal Alkyl Side Chains SC.=(c+1)-BL. Carbon Aliphaticity %  (Fa) 42.24 62.52 46.51 48.14 11.64
Ml . ek . , P
My Average Molecular Weight of a Cluster My, = 12.01 C/(Fy' x %C/100) %C from Elemental Phenolic Aromatic C % (F4') 0.41 0.67 1.03 0.71 6.43
: : 0 )
M, Average Molecular Weight of Attachments —\M_ = (M, - 13MyC - 12(-Mog) e + 1) SuletltUted Aromatllc C % (FaB) 19.94 5.2 19.23 9.8 2259
CDCI3 Solvert i PEG Standard Bridgehead Aromatic C % (Fa) 23.17 12.14 30.77 28.34 44.95
| Protonated/Hetero Aromatic C % (F," 14.24 9.46 2.41 2.92 13.30
78% of the asphaltene carbon 15 observed OIONAIRKITIEIEN roma © ON( :)

DEPT-45 Petroleum Aspha tene in this sample. 22%is not ohserved due to Non-Protonated Aromatic C % (F,") 43.52 28.02 51.08 48.93 73.93
Eﬂffg%lr'% gt'iif'mr;e'a“@” lime Increases caused Methy! Aliphatic C % (F4) 13.31 13.18 9.37 9.27 5.25
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o w owm owm wm w9 m Aggregation estimation by gqNMR PEG = 545% C Methylene/Methine C % (Fa") 28.92 49.34 37.15 38.87 6.39
internal standard technique. PEG Asphaltene = 80.3% C Xb 0.401 0.324 0.575 0.546 0.515
. 1 . . e WWeighed Amounts of Each in solution C - Carbons per Aromatic Cluster 19.7 16.5 31.9 28.4 25.7
CHpeak  CH, peak CH; peak Relative - - - P . - - - - -
. , [ , . [ . o [ , , 4CLS a.S a carbon content standard 2"55';”aﬁtlgﬂrstéﬂaft?é%ﬂ?gf Sgggriga ?rz e No. Aromatic Rings per Cluster (inear-cata) 4.4 36 75 6.6 5.9
Scans  Intensity Intensity Intensity noise level allowing observed carbon to be NhﬁR exDe et 10 b cglculate : No. Aromatic Rings per Cluster (globular-per) 53 42 06 8.4 75
. . o ' | No Aromatic Rings per Cluster (Average 50/50 peri/cata) 4.9 3.9 3.5 1.5 6.7
O° 'H pulse: sine 2sinGcos® 3sinBcos*O calculated as well as acting as the ) )
_ _ | DEPT normalization standard Clusters per 100C 2.93 2.28 168 1.83 3.39
s1. 45° 'H pulse: f 0.707 1.0 1.060 1.0 ' Total Substitutions per Cluster (Alkyl + Phenolic) 6.94 6.98 12.11 11.28 8.55
$) (P ][_ ylse: M () 0 \ | 414 — Carboxyls per Cluster 0.00 0.00 0.00 0.00 0.33
A )1 | _ _ Phenols per Cluster 0.14 0.29 0.61 0.39 1.90
s3. 135° "H pulse: L 0.707 -1.0 1.060 1.0 / Alkyl-Substitutions per Cluster 6.80 6.68 1150 10.89 6.65
— ~| Average Length of Substitutions 2.08 3.94 2.29 2.34 1.55
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