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H/C Ratio Measurement

Objectives
Detailed analysis of petroleum feedstocks and products:

• provides knowledge useful for improving and optimizing the
upgrading process

• gives valuable insight into processing characteristics

• makes possible correlation between composition and fuel properties 



Method Development
At NCUT we developed a method for the analysis of hydrogen to 
carbon ratio (H/C) for full-range petroleum samples by gas 
chromatography-atomic emission detection (GC-AED) coupling.

It requires installation of the kit for automated hydrogen linearization
and measurement, containing hardware (a methane bleed regulator)
and software (recipe files and macros).

Hydrogen linearization is done by generating a pseudo chromatogram 
with pressure programming of the methane AED “Aux” reagent gas. 

This pseudo chromatogram  is processed by a macro to calibrate out
the non-linearity in the AED hydrogen response.

A second pseudo chromatogram is generated and used to calibrate the 
relative response factors of carbon and hydrogen. This data is then 
used to calculate the percent total carbon and hydrogen when samples 
are analyzed.



Method Development, Continued
Sample method for running diesel range samples

GC Column 25m x 0.32mm i.d. x 0.17 um HP-1

Injector (split/splitless)

300oC, split ratio 50:1, constant flow 
mode 
at 2.0 mL/min, 0.5ul injection volume

Oven Temperature 40oC to 340oC at 20oC/min (hold 5 min)

AED Reagent Gases Oxygen 55 psi, Hydrogen 45 psi

Methane 7psi

AED Makeup Gas 100 mL/min

AED Data Rate 5 Hz

AED Solvent Vent None

AED Transfer Line Temp 340oC

AED Cavity Temp 375oC

AED Element Group "Hydrogen Linearization with Aux"

AED Elements Selected Carbon 496, Hydrogen 486[L]



Method Development continued
Calculations

The macros do a simple calculation of the carbon and hydrogen (ignoring other elements) by 
comparison of the areas measured for the methane pseudo peak with the areas for the 
unknown.

(AC unk/AC CH4) x (MC/MCH4) x 12.01115
%C= -------------------------------------------------------------------------------

((AC unk/AC CH4 x (MC/MCH4 x 12.01115 + (AH unk/AH CH4) x (MH/MCH4) x 1.00797

%H= 100 -%C

Where
AC unk = Area of carbon from the unknown
AC CH4 = Area of carbon from methane
MC/MCH4 = Moles of carbon per mole methane
12.01115 = atomic weight of carbon
AH unk = Area of hydrogen from the unknown
AH CH4 = Area of hydrogen from methane
MH/MCH4 = Moles of hydrogen per mole methane
1.00797 = Atomic weight of hydrogen

This calculation ignores the presence of any other elements. If the amounts of sulphur, 
nitrogen and oxygen are measured by AED or any other means, the data for C and H are 
easily renormalized



Method Development, Continued
H/C Ratio Distribution by Boiling Point

The H/C ratio by-boiling-point distribution is generated using an HP 6890 gas 
chromatograph coupled with an atomic emission detector, Model G2350A, from 
HP (GC-AED). The carbon and hydrogen emissions of 496 nm and 486 nm, 
respectively, are used to collect the signals (in a single injection), and the 
distribution calculation is performed with the help of software for simulated 
distillation, SDE60 (by Separation Systems, Inc.) using the ASTM D2887. The H/C 
ratio distribution is calculated by using the calibration parameters obtained from 
running the mixture of paraffin standards (C5 to C44) at the same conditions as 
for the analyzed samples. 

In the second injection, using the sulphur emission of 181 nm to collect the sulphur 
signal, the by-boiling-point distribution of sulphur is calculated. In this case the 
paraffin calibration is obtained by analyzing the mixture of paraffin standards 
using a carbon emission of 179 nm. A similar distribution can be obtained by 
analyzing the sample by the GC-SCD (sulphur chemiluminescent detector).

The nitrogen distribution is obtained from the GC-NCD (nitrogen specific 
detector) analysis of the sample or from the GC-AED analysis using a nitrogen 
emission of 388 nm. 

To correct the H/C distribution, the sulphur and nitrogen distributions are 
subtracted from the corresponding carbon distribution.



Sulphur Table (wt%), ASTM D2887, AED sulphur(181) Channel



Nitrogen Table (Wt%), ASTM D2887, NCD Detector



Sulphur and Nitrogen Distributions by 10oC intervals



H/C Ratio Distribution Calculated in Discrete Temperature Intervals



Comparison of GC-AED and Lab Results



H/C Ratio Distribution
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Applications

Bitumens have high viscosities and densities. They are mixed with diluents to meet
the specifications for pipeline transportation. Due to the large projected increase
in bitumen production, diluent shortages are forecast.
Visbreaking
Visbreaking is one of the cost-effective ways to reduce the viscosities of the heavy oils 
and bitumens. It is a low severity thermal cracking process (<500oC) by which large oil
molecules are converted into lower boiling material, therefore lowering viscosity,
with minimum coke formation.
Coking
Coking is a process for the thermal breaking of bonds in heavy oils and bitumens
under more severe conditions, which result in the formation of a complete range 
of products, from solids to gases.
Objectives
To study the change in bitumen characteristics during visbreaking and coking using 
the H/C Ratio data obtained from the GC-AED analysis of TLPs, and compare these 
data with the hydrocarbon type composition analysis.  



H/C Ratio VS Severity Index Calculated for Pseudo-components 
of TLP from Visbreaking and Coking of Athabasca Bitumen



H/C Ratio VS Severity Index Calculated for Pseudo-components 
of TLP from Visbreaking and Coking of Athabasca Bitumen
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Properties of TLP

coking



Properties of Naphtha



Analysis of Total Feed and Its Distillation Fractions



H/C Ratio for Total Feed and Distillation Fractions



H/C Ratio for Total Feed and Distillation Fractions
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Hydrocarbon Type Distribution by Boiling Point - IBP-FBP

Start BP Deg. C IBP 200 210 220 230 240 250 - 510 520 530 Sum Total
End BP Deg. C 200 210 220 230 240 250 260 - 520 530 540
Weight Percent SimDist SimDist 0.554 0.708 0.799 0.968 1.077 1.997 1.073 0.912 0.552
Hydrocarbon Types Z PIO NA GC-MS
Saturates PIO NA 2.020 SPE/FID 0.362 0.478 0.520 0.662 0.722 0.926 0.252 0.200 0.061 31.141 33.161
Total Paraffins PIO NA 1.400 ASTM2786 0.098 0.157 0.080 0.140 0.096 0.147 0.032 0.024 0.007 4.500 5.900
iso-Paraffins 2 PIO NA 0.690 -
n-Paraffins 2 PIO NA 0.710 -
Cycloparaffins PIO NA 0.620 ASTM2786 0.265 0.321 0.440 0.522 0.626 0.951 0.220 0.176 0.053 26.641 27.261
O lefins 0 PIO NA 1.050 SPE/FID 0.129 0.215 0.204 0.279 0.236 0.311 0.129 0.107 0.086 10.700 11.750
Monocycloparaffins 0 ASTM2786 0.081 0.072 0.089 0.093 0.106 0.187 0.035 0.026 0.008 5.770
Dicycloparaffins -2 ASTM2786 0.179 0.220 0.298 0.324 0.359 0.368 0.069 0.050 0.014 8.971
Tricycloparaffins + -4 ASTM2786 0.005 0.029 0.053 0.105 0.162 0.395 0.116 0.100 0.031 11.900
Aromatics PIO NA 1.530 SPE/FID 0.191 0.230 0.279 0.306 0.355 0.576 0.821 0.712 0.491 45.959 47.489
Monoaromatics ASTM3239 0.191 0.221 0.257 0.240 0.286 0.358 0.205 0.153 0.081 15.753
Alkylbenzenes -6 ASTM3239 0.149 0.127 0.126 0.080 0.084 0.090 0.108 0.118 0.078 4.395
Benzocycloalkanes -8 ASTM3239 0.034 0.078 0.095 0.101 0.135 0.158 0.041 0.012 0.000 5.092
Benzodicycloalkanes -10 ASTM3239 0.007 0.016 0.036 0.059 0.068 0.109 0.057 0.023 0.004 6.265
Diaromatics ASTM3239 0.000 0.009 0.022 0.036 0.041 0.092 0.343 0.494 0.285 12.083
Naphthalenes -12 ASTM3239 0.000 0.009 0.013 0.032 0.033 0.081 0.051 0.144 0.017 3.410
Naphthocycloalkanes -14 ASTM3239 0.000 0.000 0.009 0.003 0.003 0.004 0.038 0.027 0.016 3.437
Fluorenes -16 ASTM3239 0.000 0.000 0.000 0.001 0.005 0.007 0.254 0.322 0.252 5.235
Triaromatics ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.001
Phenanthrenes -18 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.314
Phenanthrocycloalkanes -20 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.687
Tetraaromatics ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 2.888
Pyrenes/Benzofluorenes -22 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 2.041
Chrysenes -24 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.847
Pentaaromatics ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 1.223
Benzpyrenes/Perylenes -28 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 1.130
Dibenzanthracenes -30 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.094
Unidentified ASTM3239 0.001 0.000 0.000 0.000 0.000 0.000 0.118 0.001 0.092 1.729
CnH2n-32/CnH2n-46 -32 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.210
CnH2n-36/CnH2n-26S -36 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.042
CnH2n-38/CnH2n-28S -38 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.117 0.000 0.092 1.426
CnH2n-40/CnH2n-30S -40 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.015
CnH2n-42/CnH2n-32S -42 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
CnH2n-44/CnH2n-34S -44 ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.034
Aromatic Sulfur ASTM3239 0.000 0.000 0.000 0.030 0.028 0.126 0.142 0.065 0.033 8.283
Benzothiophenes -10S ASTM3239 0.000 0.000 0.000 0.030 0.028 0.126 0.094 0.065 0.032 4.849
Dibenzothiophenes -16S ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.049 0.000 0.001 2.775
Benzonaphthiophenes -22S ASTM3239 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.659
Polars SPE/FID 7.400
Asphaltenes SE 0.200
Total 100.000



Comparison of Detailed Hydrocarbon Type Analysis and H/C Ratio 
Analysis

Hydrocarbon type analysis
• PIONA analysis for IBP-200oC fraction
• Class-type separation into saturates, aromatics, olefins and polars using SPE (solid phase 

extraction) chromatography
• Analysis of SPE fractions by GC-FID to calculate the mass balance and simulated 

distillation of the fractions (200oC-FBP)
• Analysis of saturate, aromatic fractions, and the retention time callibrant by the GC-MS
• Calculation of the by-boiling-point distribution of hydrocarbon types
• Analysis of TLP by the GC-AED for S181, or by the GC-SCD (both require separate 

injections for the retention time callibrant)
• Analysis of TLP by the GC-NCD (require separate injections for the retention time

callibrant)

H/C ratio analysis
• Analysis of total TLP by the GC-AED for C496 and H486 (single injection)
• Analysis of the retention time callibrant by the GC-AED for C496
• Analysis of TLP by the GC-AED for S181, or by the GC-SCD (both require separate 

injections for the retention time callibrant)
• Analysis of TLP by the GC-NCD (require separate injections for the retention time

callibrant)
• Calculation of the by-boiling point distribution of H/C Ratio



Conclusions

The H/C Ratio by GC-AED is a relatively inexpensive technique for the analysis 
of various petroleum liquids in a distillable boiling range.

The results obtained by the GC-AED, if renormalized for the presence of other 
elements, are comparable with the lab results for C and H.

The by-boiling-point distribution of H/C Ratio by GC-AED shows the potential 
for the application of this type of analysis for characterization of distillation 
fractions of a petroleum sample without the need for physical distillation. H/C 
ratios for distillation fractions were calculated from the distribution generated for 
the corresponding full-range sample and compared with measured values. The 
comparison was satisfactory.

The H/C ratio analysis by GC-AED represents an alternative technique to 
detailed hydrocarbon analysis of fractions from physical distillation. 
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