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Abstract 
 
Propylene glycol (also called 1,2-propanediol) is an 
incredibly versatile compound that is used in a number of 
industrial applications that range from transportation 
andconstruction to food and pharmaceutical production.  
Pharmaceutical (USP) grade propylene glycol is at least 
99.5% pure by weight and is used in health-sensitive 
products such as food, personal consumer goods, 
cosmetics, and pharmaceuticals.  Due to its highly 
sensitive applications, USP grade propylene glycol is  
regulated carefully by the FDA and producers must 
comply with strict regulations to ensure the quality and 
purity of their product. Industrial grade propylene glycol 
is at least 95% pure and is an important player in the 
transportation industry as it is used in aircraft de-icer, 
antifreeze, and brake fluid.  It is also used in the 
construction industry as the primary component in 
unsaturated polyester resins (UPRs) that are used to 
make fiberglass reinforced plastics. 
 
Propylene glycol’s chemical neutrality and nonreactivity 
make it very useful as a solvent.  It can be used as an 
emulsifier to stabilize mixtures of two or more 
immiscible liquids.  This often occurs in the preparation 
of cosmetics, where oil and water must be mixed to 
produce creams or lotions, and in the preparation and 
processing of some foods.  It is a useful excipient, a 
pharmacologically inactive substance that acts as a 
carrier for the active ingredients in medication.  It can be 
used for boiling point elevation or freezing point 
reduction, which makes it an effective de-icer and 
antifreeze solution. 



 

Historical 
 
Historically, propylene glycol has been produced by the 
hydration of propylene oxide, which occurs at 392 F and 
174 psia, or catalytically at 302-356 F, and and 
tripropylene glycols and small quantities of higher 
glycols in side reactions (ICIS, 2011).  This process has a 
large negative environmental impact due to pollution and 
use of valuable resources, so alternative methods, such as 
production from glycerol, are under investigation 
worldwide.  This option is especially promising in light 
of the recent surge in biodiesel production.  Interest in 
“greener” technologies has in part been responsible. 
creating incentive for companies to invest in research to 
develop more environmentally friendly methods to 
produce and distribute their products.  In addition to 
being extremely profitable, the glycerol to propylene 
glycol manufacturing process described in this report can 
be marketed as “green” technology, increasing the value 
of the end product. 
 
One major limiting factor for the synthesis of propylene 
glycol from glycerol is the extremely high cost and 
difficulty of glycerol desalting.  In the past, vacuum  
distillation was the only option and was very expensive, 
precluding the entry of many proprietors into the market.  
There are a number of companies that specialize in 
glycerine desalting, but the purified feed glycerol is 
expensive and drives up the cost of the process.   
As membrane and resin technologies improve, the 
electrodeionization process becomes a low cost 
alternative to vacuum distillation, which allows the use 



of crude glycerol in the process feed, making the process 
much more economically feasible.  The popularity of  
biodiesel has increased in recent years, increasing the 
availability and decreasing the price of the crude glycerol 
process input.Although the kinetic model for the glycerol 
to propylene glycol reaction used in  
this process is fairly new, the necessary Cu-ZnO-Al2O3 
 catalyst is available commercially.  Alumina-supported 
catalysts such as this are standard for use in many  
industrial applications.  A catalyst very similar to the one 
in this process is widely used for methanol synthesis and 
other applications.  It is manufactured and sold by a 
number of companies worldwide. 
The Cu-ZnO-Al2O3 
 catalyst with a molar metal ratio of 1:1:0.5 was chosen 
out of a group of similar options with slight variations 
(Zhou 2010).  In activity tests, this showed the highest 
conversion and selectivity to propylene glycol.  It is 
assumed in the process analysis that a 100% conversion 
may be reached by extrapolating the mass of catalyst to a 
large enough value based on the expressions for r1 and 
r2.   
In reality, this is an optimistic estimate, and the actual 
conversion will be less than 100%.  It is expected  
that the actual conversion will fall between the 82% 
achieved in Zhou’s activity test and the 100% predicted 
with the extrapolation model (Appendix B). 
 
 
the various inputs and products of this process are 
analyzed in the context of their individual markets to 
determine consumer, technical and financial needs.  



Propylene glycol historically has been synthesized from 
a petroleum derivate known as propylene oxide.  In 
recent years, novel reaction routes have been discovered 
to synthesize propylene glycol from glycerol.  In a patent 
issued to the BASF chemical company, a Cu-ZnO-
Al2O3 
 catalyst was identified that converts glycerol to 
propylene glycol with very high conversion. Crude 
glycerol, a naturally occurring by-product of biodiesel 
production, will be used as a feed to this process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Crude Glycerol 
 
For every nine kilograms of biodiesel produced, about 
one kilogram of glycerol is formed; thus, the market for 
crude glycerol is intimately linked with the biodiesel 
industry (Chiu et al. 2006).  Biodiesel represents a very 
promising green alternative as it can be used in 
conventional diesel engines. Furthermore, the synthesis 
mechanism for biodiesel is well studied and can be 
carried out using a variety of feed stocks. As of 2009, 
148 plants were producing 2 billion gallons of biodiesel a 
year in the US. As a result, 200 million gallons of 
glycerol was produced as well (Johnson et al. 2007).  
Although purified glycerol can be sold for $0.60/lb- 
$1.20/lb depending on the grade.Propylene glycol 
represents an inherently profitable value-added chemical 
produced from crude glycerol due to the high margin 
between the feed and final product. In addition to  
propylene glycol, however, a number of other 
alternatives also exist as potential markets for crude 
glycerol as outlined in the article “Glycerin – Emerging 
Opportunity”. Solvay Chemicals commercialized a 
process to reverse the conventional route of making 
synthetic glycerol from epichlorohydrin. After the 
success of their pilot plant in 2007, a full scale 
commercial plant is scheduled to be built in Map Tha 
Phut, Thailand. Epichlorohydrin can be used to make 
epoxy resins, paper-reinforcing agents and other similar 
products. Alkylene carbonate (reactive  
intermediate or solvent), biomenthanol, acrylic acid are 
additional examples of potential products produced from 
glycerol feed material.  (Chemical Business 2010).    
 



 

Propylene Glycol  
 
 Propylene glycol is a value-added derivative of crude 
glycerol that has the potential to be a profitable venture.  
PG is used in a number of markets including unsaturated 
polyester resins, plastics, antifreeze products, plane de-
iceres, industrial solvents, and consumer goods such as  
detergents, cosmetics and other personal care products.  
The global demand for propylene glycol was 3.5 billion 
lb/yr as of 2007 (Shelley 2007).  According to a recent 
report by ICIS, a subsidiary of Reed Business 
Information and trusted information provider for the 
chemical and oil industry, the demand in the unsaturated 
polyester resin (UPR) industry has grown approximately 
2.5% per year while demand in the cosmetics and 
consumer goods industries has grown 3.0% and 3.5% a 
year, respectively (2010).  Because propylene glycol is 
not toxic, it is gradually replacing ethylene glycol as the 
primary ingredient in the 2.4 billion lb/yr market of  
antifreeze de-icing liquids (Suppes 2008).   
Although the emergence of the renewable propylene 
glycol market is relatively new, a number of large 
industry leaders have already begun to embrace the 
change.  Dow Chemical, currently the world’s leading 
manufacturer of petroleum based propylene glycol, 
introduced product called renewable propylene glycol 
(RPG). A successful pilot plant was built at their Dow  
Halterman Custom Processing Facility in Houston and a 
full scale plant will soon be implemented at that site. 
Huntsman Corp. is another major company that has 
begun producing RPG using a proprietary method.  
Located in Conroe Texas, the company started to scale 



up the process to produce 100 million lb/yr (Shelley 
2007).   
 
 
A trickle-bed reactor was selected for use in this process 
to accommodate the multiphase reaction.  Non-negligible 
volumes of liquid and vapor phase reactants must be able 
to simultaneously come into contact with the solid 
surface of the catalyst in order for the reaction to  
proceed.  In a trickle bed reactor, a liquid feed and a 
vapor feed enter the reactor co-currently at the top of the 
packed catalyst bed.  The liquid “trickles” down over the 
catalyst and reaction occurs as described by the kinetic 
model.  A more traditional reactor such as a packed bed 
plug flow reactor is unacceptable for this application due 
to the impracticality of sufficient contact between the 
hydrogen gas and the catalyst in the presence of liquid.  
This effect is amplified by the presence of a large excess 
of hydrogen gas in the reactor, which is intended to 
ensure complete conversion of the glycerol input. 
Trickle bed reactors are traditionally used in industry for 
hydrodesulfurization, the kinetics and conditions of 
which are similar to propylene glycol synthesis from 
glycerol. Both reactions occur at severe conditions 
(temperatures above 572 F and pressures above 514 psia)  
and require a vapor and a liquid to react on a solid 
catalyst.  Using the catalytic hydrodesulfurization of 
thiophene as described in Chapter Five of Chemistry of 
Catalytic Processes by Gates, Katzer, and Schuit as a 
basis for comparison, it is expected that the use of an  
industrial trickle-bed reactor will be successful for 
propylene glycol manufacture in this process. 
 



 

Chemical Database 
 
The notable thermophysical and chemical properties of 
each chemical species present in the process are shown 
below.  Room temperature values are displayed for all  
temperature-dependent properties (viscosity, thermal 
conductivity, heat capacity). 
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Reaction Kinetics 
 
The kinetics of the reaction of glycerol to propylene 
glycol used in this process were developed largely in 
“Kinetics of Hydrogenolysis of Glycerol to Propylene 
Glycol over Cu-ZnO-Al2O3 Catalysts” (Zhou et al. 
2010).  Their model was developed to enable  
the simulation and optimization of different-scale 
reactors for glycerol hydrogenolysis, as used in the 
propylene glycol production process. 
Cu-ZnO- Al2O3 catalysts of varying metal compositions 
were prepared using co-precipitation.  Activity tests 
showed that a molar ratio of 1:1:0.5 Cu:Zn:Al in the 
catalyst resulted in the highest glycerol conversion as 
well as the highest selectivity for propylene glycol.   
Henceforth, this preparation was used in catalytic 
studies.  The experiments were performed over a 
hydrogen pressure of 431-725 psia and a temperature 
range of 428-464 K.   
 
 

 


