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Abstract 

This work studies the chemistry of hexylbenzene treated with supercritical water under conditions of 
450°C, 300atm, and <1h residence time through kinetic modeling using Reaction Mechanism Generator 
(RMG) and experimentation with the underlying motivation of using similar conditions for upgrading of 
crude oil. Upon comparing the model and experimental product distribution, the model’s overprediction 
of unsaturated species was made manifest, and reasons regarding this overprediction were further 
investigated in this work. It was found that (I) the hydrogen atoms released during the formation of two 
ring aromatic compounds may have contributed to the consumption of alkenes, (II) formation of alkyl 
benzenes through addition between alkenes and smaller aromatics may have decreased yields on 
unsaturated components, (III) formation of water soluble components in the aqueous phase due to 
consumption of alkenes is unlikely to have affected the alkene balance. 
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Introduction

Supercritical water (SCW) upgrading of crude oil is 
investigated as a means as an upgrading medium for heavy 
crude oil due to its unique solvent properties such as its low 
dielectric constant, high ion product, and high diffusivity 
(Caniaz & Erkey, 2014), as well as its industrial interest 
(Choi, 2009). 
 
This work focuses on the aspects of upgrading chemistry 
pertaining to unsaturated products through the treatment of 
hexylbenzene. Through this work, a selectivity of saturated 
species over unsaturated species was found, contrary to 
model predictions. 
 
In the past, works in pyrolysis have demonstrated that the 
cracking of n-hexadecane usually yields more olefins than 
paraffins (Rebick, 1981) (Wu et al., 1997), but some works 
observe higher yields of paraffins than olefins. (Mushrush 
& Hazlett, 1984) (Gray & McCaffrey, 2002). The selectivity 
can be manipulated by its environment, e.g. by varying  
sulfur content (Patwardhan et al., 2013). 
 
In the presence of aromatics (Carr et al., 2015) (Savage et 
al., 1985), higher selectivity of paraffins over olefins was 
observed due to the effects of coking, where compounds of 
low H:C ratio (Savage et al., 1985) are formed, providing  a 
source of the hydrogen atoms needed to form saturates 
(Ancheyta, 2011). However, the details of the chemistry 
remain somewhat speculative. This present work discusses 
the possible reasons for the selectivity of alkanes over 
alkenes when alkylbenzenes are treated with supercritical 
water, and compares experimental data with the predictions 
of the Reaction Mechanism Generator (Green et al. 2015). 

Methods 

The details of the methods associated with this work have 
been  published (Carr et al., 2015). In short, the organic 
reactant of interest was spiked with 10 mol% naphthalene 
as an internal standard, and placed in a 316L stainless steel 
reactor. This reactor was purged and initially pressurized by 
330 psig of helium. This pressure increased to 300bar 
(75bar in absence of water) when heated to 450°C by a sand 
bath. Pressure was monitored throughout the residence time 
of interest. Upon cooling, contents of the reactor were 
analyzed by GC-MS, GCxGC-FID, GC-FID, and NMR. 
Kinetic modeling was performed parallel to experiments by 
the Reaction Mechanism Generator (RMG), where a kinetic 
model was generated using a flux based algorithm based on 
thermodynamic and kinetic parameters obtained from the 
literature and in-house quantum calculations (Green et al., 
2015). 

Results 

While the kinetic model fairly accurately predicts the 
hexylbenzene conversion and the yields of species with 
saturated alkane chains, it systematically overpredicts 
alkenes and styrene, as shown in Figure 1.  



  
 

Figure 1.   Hexylbenzene treatment at 40 
minutes shows overprediction of alkenes by 

kinetic model. All data points to the left side of 
the red dividing line are for unsaturated 

species, and are all over predicted. 

As a result of this systematic overprediction, the following 
hypotheses were tested to explain the discrepancy in the 
yield of unsaturated compounds unforeseen by the kinetic 
model. They are as follows: 

1. Formation of aromatic compounds containing two 
or more rings supplies hydrogen atoms to convert 
alkene chains in alkane chains. 

2. Alkenes react with other aromatic compounds, 
yielding longer chain alkyl benzenes. 

3. Alkenes react with water to form water soluble 
organics. 

 
The formation of multi ring aromatic compounds were 
observed in experiments, but not predicted by the model. 
Compounds produced were 1 and 2-methylnaphthalene, 1 
and 2-ethylnaphthalene, biphenyl, biphenylmethane, 4-
phenyltoluene, bibenzyl, and 1,3-biphenylpropene. By 
comparing hexylbenzene’s H/C ratio of 1.5 to these 
components with H/C ratio between 0.8 – 1, the production 
of these components is a plausible source of hydrogen 
atoms which may potentially saturate double bonds in the 
reaction environment.  
 
Heptylbenzene was observed as part of the reaction 
products, indicating the possibility of addition between 
alkenes and aromatics and/or alkanes and styrene to form 
longer chain alkyl benzenes, another plausible sink 
accounting for the missing unsaturated components. 
 
Parallel to the above, the possibility of formation of 
alcohols through the reaction between alkenes and water 
was investigated. While measurable amounts of alcohols 
were found in SCW water experiments, the quantity is much 
too small to account for the large amount of ‘missing’ 
alkenes, and of course this cannot explain the discrepancies 
related to pyrolysis experiments, where there was no water. 
Thus, this hypothesis was disproved. 

Conclusions 

The SCW treatment and pyrolysis of hexylbenzene 
produces many short chain alkyl benzenes, paraffins and 
olefins. By observing this product distribution, it can be 
found that unsaturated species are systematically 
overpredicted by the kinetic model generated by RMG. 
Three possible aspects of chemistry were observed through 
experiments and were absent in the mechanism were (I) the 
formation of two ring aromatics, (II) formation of longer 
chain alkyl benzenes, and (III) formation of water soluble 
products. Out of the three hypothesis, the combination of 
the first two were shown to be as the most likely cause for 
the overprediction of unsaturated species by the kinetic 
mechanism, while the third was shown to be insufficient to 
explain the observations. 
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