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Abstract 

Conventional propylene hydroformylation to produce butyraldehyde requires polymer grade propylene as feedstock. 
High purity propylene is obtained by energy intensive separation from propane/propylene mixtures.  Consequently, price 
of the polymer grade propylene is quite high (46 Cents/lb). Here we propose a process using unenriched 
propane/propylene mixtures (under 25 Cents/lb) to perform hydroformylation.  At sufficiently high pressures (>10 bar), 
the pressurized propane/propylene mixture forms a gas-expanded liquid phase that promotes regio-selective 
hydroformylation of propylene with homogenous Rh complex. At typical reaction temperatures (70°C), propane and 
propylene, and mixtures thereof, can volumetrically expand reaction mixtures significantly (by up to two-fold with 15 bar 
propane or 17 bar propylene). It is shown that H2/CO ratio in the propane-expanded liquid phase (containing propylene 
and dissolved catalyst complex), a key determinant of the turnover frequency and regio-selectivity, can be favorably tuned 
to maximize these performance metrics. The effects of various reaction parameters on activity and selectivity will be 
presented, along with a preliminary economic analysis.  
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A majority of current industrial propylene 
hydroformylation processes use polymer-grade propylene, 
obtained by separation from propane, to produce 
butyraldehyde (Krokoszinski et al., 2005). Propane 
/propylene separation is highly energy intensive resulting 
in the much higher price of the polymer grade propylene 
(99.5% propylene, 46 cents/lb) compared to the lower 
grade (70% propylene, 25 cents/lb) obtained from propane 
dehydrogenation units. Herein, we demonstrate a novel 
process that employs mixed propane/propylene feedstock 
to perform propylene hydroformylation with enhanced n/i 
ratio. It has been previously demonstrated that CO2 
expanded liquid media (CXLs) favorably tune the H2/CO 
ratio in the reaction phase to enhance turnover frequency 
(TOF) and regio-selectivity (n/i) during 1-octene 
hydroformylation with Rhodium/triphenylphosphine 
(Rh/TPP) complex (Xie et al., 2013). In the present study, 

we use propylene/propane mixtures to expand the reaction 
phase more easily at milder pressures, taking advantage of 
the closeness of the critical temperatures of propylene (91 
°C) and propane (96°C) to typical reaction temperatures 
(70-110°C). Volumetric expansion and conversion 
/selectivity results in propane-expanded liquid (PXL) 
media are provided to demonstrate the concept.  

Experimental, Results & Discussion	  

Figure 1 represents the relative volumetric expansions 
of toluene by either compressed propylene or compressed 
propane measured at pressures ranging from 0 to 21 bars at 
70°C. The experimental setup is described elsewhere (Xie 
et al., 2013).  The volume of the liquid phase increased 
exponentially upon either propane or propylene 
pressurization. Compared to propylene, propane has a 
better expansion effect. Simulations, performed using 



  
 
ASPEN PLUS® software employing the Peng-Robison 
equation of state, show good agreement between the 
experimental and simulated data. 
 

 

Figure 1 Volumetric expansion of toluene by propane and 
propylene at 70 ºC 
 

Hydroformylation of propylene catalyzed by 
triphenylphosphine (TPP) modified Rh was investigated in 
neat and propane-expanded toluene in a semi-batch 
reactor. The initial liquid volume is kept constant in all 
experiments. In other words, the propane-expanded 
volume at reactor P & T (obtained from the volumetric 
expansion studies) is kept identical to the initial toluene 
volume in neat solvent studies. The initial propylene 
partial pressure is also adjusted to maintain identical 
propylene concentration in the neat solvent studies and in 
the propane-expanded toluene system. Under such 
conditions, when propane partial pressure is increased 
from 0 to 10 bar, the regio-selectivity (n/i) is enhanced by 
more than 40% while the TOF in propane-expanded 
system is comparable to that without propane addition.  
Thus the process produces enriched propane/propylene 
mixtures that are easily separated from the liquid product 
stream (by depressurization) and from the syngas (by mild 
compression). The enriched propane/propylene stream 
may then be recycled back to the dehydrogenation unit.  

  
Industrial propylene hydroformylation use polymer-

grade propylene and biphosphine ligands to obtain much 
higher n/i ratios (>40).   Results of continuous experiments 
with propane/propylene mixtures that use such ligands 
with in situ nanofiltration (Xie et al, 2015) will also be 
presented to demonstrate the advantages of PXL media, 
along with comparative economic analysis of the two 
processes.  In addition, the solubility enhancements of CO 
and H2 in PXL media will also be presented and discussed 
to provide fundamental insights into the underlying 
mechanisms. 

  

 

Figure 2 Hydroformylation of propylene in neat and 

propane expanded toluene at 70ºC condition: Rh: 2.21 

mmol/L; TPP/Rh=80; T: 70°C; time = 2 h. All data were 

repeatable within experimental error (5%)  

Conclusionerr 

We have successfully demonstrated enhanced propylene 
hydroformylation with propane-enriched feed mixtures 
using simple Rh/TPP catalyst complexes. The facile 
volumetric expansion of the liquid phase by 
propane/propylene mixtures at relatively mild pressures 
(<20 bar) is exploited to favorably tune the 
regioselectivity.  The fledgling shale gas-based chemical 
industry is most likely to adopt such step-out yet relatively 
simple technology concepts.  
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