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Industry Perspective

Coffee with the Board: Vishwas Pangarkar
Catalyst Review Advisor Shares Thoughts on Chemistry, 
Education, More, on Occasion of Landmark Recognition 
By Kevin O’Brien

Yes. In my time (late 1950s), chemistry started rather late. But our teacher was good 
at capturing our attention. We even thought of having a small lab of our own, but that 
was not to be. My love for chemistry really grew as of the BS level. Subsequently, as 
a chemical engineering consultant, I always thought that chemistry is as important as 
engineering. Many new chemical syntheses have made engineering designs simpler  
and ‘greener.’

Q:  One of my favorite movie lines is from the Patrick Swayze 
movie Road House, when the martial arts instructor tells his top 
student, “You taught me as much as I ever taught you.” Can you 
remember an occasion when you learned something yourself, 
when the object was to teach someone else? 

Sure! I have cited my love for thermodynamics. I found that I was expressing myself through examples which were in my subconscious 
state. I reveled in reinventing myself through many such examples that would fall in the realm of metaphysics.

Q:  Can you tell us a little about your career as an educator, and what some of your students have gone on 
to achieve?

As an educator, I loved to explain complex issues using routine examples from our day-to-day life. In particular, I loved teaching thermo. 
The concept of non-ideal behavior is easily explained using the example of excess energy (typical of dictators). Henry’s law for dilute 
solutions is easily explained citing the case of a lone rogue amidst a multitude of gentlemen. Such analogies have a lasting impression, as 
students tell me. 

I was fortunate that as an industrial consultant I had the privilege of applying theory that fetched exceptional economic benefits for 
the organizations. I could erase the notion that “theory is dry and not so important.” Citing industrial examples, I loved to prove that, 
“Although theory without practice may appear dry, practice without theory can be disastrous.” A judicious combination of theory and 
practice is the best solution for troubleshooting knotty industrial problems.

I always thought of industrial consulting as a rich source of tips for research. My love for deeper understanding of the underlying 
phenomena automatically came into play. This combination resulted in graduate theses which have both 

Q:  Hello Vishwas. May I ask, what do you think are the most significant developments in catalysis of the last  
few years? And what do you think is most intriguing and achievable within the next few?

The advent of homogeneous catalysis, particularly in production of fine/specialty chemicals, is one area. There are some issues that need 
to be tackled (e.g., recovery of the catalyst complex; residual metal in the product). In addition, understanding of heterogeneous catalysts 
and their tailoring is also an important step. In the near future, we are sure to have a far better understanding of heterogeneous catalysis – 
hitherto a black box.

Q:  Was there a moment in school when you caught the chemistry bug? Was something so indescribably 
cool that you knew you’d make it your profession?

Continue on page 19

The views expressed are those of the individual author and may not reflect those of The Catalyst Review or TCGR.

Although theory 
without practice may 
appear dry, practice 
without theory can be 
disastrous.

For a quick bio, Professor Vishwas Pangarkar, PhD, is actively engaged as a Technical Consultant for several Indian and 
overseas companies. He has demonstrated expertise in multiphase reactor design, separation processes distillation/
absorption/adsorption and membrane separations. Post retirement from Institute of Chem. Tech., Mumbai, Vishwas 
continues advising companies on improvements in process performance on various fronts, ranging from efficiency to energy 
conservation and environmental issues. Read on to find out more. 

The author/editor wishes to add that Vishwas figures prominently in what you see within these pages, as he has, from the first, 
been singularly generous with his time, insight, expertise, and good cheer.   
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Heraeus, Hulteberg Form Strategic Partnership to Deliver Catalysts for the  
Hydrogen Economy
Heraeus Precious Metals and Hulteberg Chemistry & 
Engineering AB announce an agreement on a strategic 
partnership to jointly develop and commercialize a 
variety of catalysts that are required for the operation 
of solid oxide fuel cells (SOFC). SOFCs represent 
a promising technology for the electrochemical 
conversion of hydrogen and fuels into electricity. The 
portfolio will consist of catalysts for the (pre-)reforming 
of hydrocarbons; the generation of syngas (H2/CO) via 
catalytic partial oxidation (CPOX); the purification of 
syngas via water-gas-shift; preferential oxidation (PROX) 
and selective methanation reactions to yield pure 
hydrogen (H2); as well as tail-gas combustion. Hydrogen-
based technologies for power generation, such as fuel 
cells, are expected to play a major role in the transition toward a more sustainable and circular economy. The partnership will boost 
both companies’ standings in the emerging field of SOFCs and the hydrogen economy. Within the scope of the cooperation, 
Heraeus and Hulteberg will jointly approach clients and projects in the above-mentioned fields and commercialize new product 
innovations that are tailored to clients’ needs. The company has significant expertise in the large-scale manufacture, development, 
and recycling of heterogeneous catalysts, which includes custom and toll manufacturing. In recent years, Heraeus Precious Metals 
has introduced numerous catalytic solutions centered around the generation (electrolysis), purification, and combustion (fuel cells) 
of hydrogen. Hulteberg Chemistry & Engineering AB is specialized in the research, development and production of heterogeneous 
catalysts, with a focus on hydrogen production, electronics, and renewable and recycled fuels and chemicals. Based in Malmö, 
Sweden, the company has valuable technical and commercial know-how relating to steam methane reforming and pre-reforming 
catalyst formulations that can be used in solid oxide fuel cell (SOFC) applications. The development and commercialization of new 
proprietary (pre-)reforming, purification and tail-gas combustion catalyst technologies stand in alignment with both companies’ 
efforts to make impactful contributions toward the energy transition. Source: Heraeus, 1/16/2023.

Borealis Widens Scope of Polyethylene Circularity via Borcycle™ C Chemical Recycling Process
Borealis announces the capability to use its proprietary Borcycle™ C chemical recycling process to recycle crosslinked (XL) 
polyethylene (PE) types such as XLPE and PE-X into recycled polyethylene. Thanks to its suitability for high-performance 
applications, the recycled PE obtained in the pyrolysis process can replace virgin PE in the manufacture of XLPE and PE-X for use in 
the wire & cable and infrastructure industries, respectively. Using ISCC PLUS (International Sustainability and Carbon Certification) 
certified grades in the Borcycle C portfolio enables customers to capitalize on circular solutions while at the same time maintaining 
high application quality and industry standards. For cable networks, XLPE offers cost effectiveness and flexibility in installation. 
When used as insulation in low voltage electrical cables, XLPE boasts a better overall life-cycle impact than alternative materials: 
less of this lighter-weight material is required to provide top cable system performance. PE-X is deployed in a wide range of 
advanced polyolefin plumbing and heating pipes and is particularly suited for coping with demanding environments. Compared 
with conventional materials, the inherent properties of crosslinked PE-X offer distinct benefits, including exceptional toughness, 
chemical resistance and durability at high temperatures. Up until recently, however, it was difficult to recycle XLPE or PE-X in such 
a way as to obtain the virgin-like PE required for these high-performance applications. By drawing on its polymers expertise and 
recycling know-how, Borealis can now offer its customers a circular solution for crosslinked PE. In a series of tests conducted by 
Borealis, XLPE and PE-X plastic waste were pre-treated and fed into the Borcycle C chemical recycling process. This chemically-
recycled material was analyzed and determined to be suitable for use as cracker feedstock in the production of new ethylene in the 
manufacture of virgin-grade XLPE and PE-X. The proprietary and evolving recycling technology transforms plastic waste streams into 
value-added products. These chemical recycling solutions complement mechanical recycling by turning difficult-to-recycle plastics 
– like crosslinked polyethylene – into virgin-level grade materials with the highest safety and performance characteristics. Grades 
in the Borcycle C portfolio of circular polyolefins are ISCC PLUS certified according to the third-party mass balance methodology. 
This allows the customer to track and quantify the effective circular feedstock used at each step in the manufacturing process. When 
customers choose grades from the Borcycle C portfolio, they are replacing fossil fuel-based feedstock with an identical volume of 
circular feedstock without incurring extra switching costs, and – most importantly – while maintaining the same high application 
quality. Source: Borealis, 1/19/2023. 

Commercial News

Aramco Announces  
Launch of Aramco Trading 
Americas

Aramco announces the 100% acquisition of Motiva Trading by the Aramco Trading Company 
(ATC), one of the world’s leading commodity trading companies, and the launch of Aramco 
Trading Americas LLC (ATA), a wholly-owned subsidiary of ATC based in Houston, Texas. 
ATA will be ATC’s regional office, expanding its trading business in North and South America 
to capture new opportunities and increase its existing customer base. Under the purchase



The Catalyst Review               February 20238

Thermochemical Recycling Approaches at 500 to 1100 oC
The conversion of plastic waste into fuels and chemicals plus value-added materials has already been the subject of various papers; 
see for instance Nanda et al, 2021 and Yang et al, 2022. Furthermore, catalytic methods have been proposed for plastic waste 
recycling (Kosloski et al, 2021). The bloc diagram shown in Figure 13 summarizes how waste plastics can be converted into chemicals 

SPECIAL FEATURE

F.M. Dautzenberg, PhD

Figure 13. Chemical cleaning of waste products.

*Indicates the need to apply catalyst(s)

various catalytical approaches shown in Figure 13 clearly demonstrate that the carbon-containing molecules in plastic waste can enable 
the re-use of the products listed at the right side of this slide, such as ethylene, liquid fuels base on methanol, etc, which are presently 
all made from fossil petroleum and gas. In the following paragraphs, details of three industrial technology approaches will be described, 
including activities of other technology providers and activities of a few selected important chemical companies.

and fuel products using 
thermochemical approaches 
at 500 to 1050 0C. Various 
gasification technologies are 
available to make synthesis 
gas mixtures (syngas). 
Pyrolysis technology of 
waste plastics can render 
a synthetic crude oil. This 
will enable existing refinery 
operations to produce 
conventional fuel products 
and naphtha, which can be 
used to produce ethylene, 
propylene and aromatics. 
A new player in this field is 
Licella™ Holdings, which 
produces a synthetic oil 
using a proprietary advanced 
catalytic reactor system. The 

Authors

G-J.M. Gruter, PhD

End-of-Life Options 
for Plastics 

Part Two
For Part One of this article, see the January 

2023 edition of The Catalyst Review. 

Modern Approaches, Including Summary
and Main Conclusions
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Neste’s Cooperation with ReNew ELP and Licella
Neste, one of the world’s leading producers of renewable diesel, UK-based chemical recycling company ReNew ELP (end-of-life-plactic), 
and Australian technology developer Licella are joining forces to explore the potential of using mixed waste plastic as a raw material 
for fuels, chemicals, and new plastics. The collaboration is one of the steps towards Neste’s goal to introduce liquefied waste plastic 
as a future raw material to replace fossil refining, with as target to process annually more than one million tons of waste plastic by 
2030. ReNew ELP is leading the construction of a chemical recycling plant in Teesside, UK. This will be the first commercial scale plant 
based on Licella’s Cat-HTRTM technology. The collaboration also involves Armstrong Capital Management; a joint venture partner with 
Licella formed Mura Technology, the parent company of ReNew ELP. Although the Teesside plant construction is not included in this 
collaboration with Neste, it will nevertheless contribute to the common goal of enabling more efficient waste plastic utilization in the 
future. The collaboration with Neste and ReNew ELP will help to create markets for Licella’s technology at a time when the world pushes 
toward a circular economy.

Enzymatic Conversion of PET and PLA
Remarkable results have been achieved recently by the French start-up company Carbios (Carbios, 2021). The Carbios process uses 
an enzyme, cutinase, to break down plastic to return to the two basic monomers of polyethylene terephthalate (PET): terephthalic 
acid and monoethylene glycol. Both products can be directly reused in a polymerization unit to produce virgin PET. Carbios has an 
agreement with Novozymes to produce this special enzyme. Carbios’ goal is to construct and operate the world’s first industrial-scale 
enzymatic PET bio-recycling plant using post-consumer PET waste. This plant will have a processing estimated capacity at 50,000 t/y 
using post-consumer PET waste, equivalent to 2 billion PET bottles. Their cutinase enzyme is very selective and can only degrade 
PET. However, Carbios is diligently working with the Toulouse Biotechnology Institute, with whom they operate a joint R&D laboratory, 
aiming at developing other new enzymes. They are targeting two polymers that are quite common in the industry: polyamide (PA) 
and polyethylene (PE). Results from this cooperation have not been published yet, but they hope to obtain attractive results in 3 to 
4 years. Their daughter company, Carbiolice, is commercializing “Evanesto,” another enzyme (Demorest, 2020). This enzyme can be 
added to polyactic acide (PLA) packaging materials for biodegradation. The Evanesto enzyme structure accelerates the PLA material to 
disintegrate into compost.
 

New Route to Bio-polyethylene
Renewable bio-polyethylene plastic can be made from ethanol based on sugar as is done, for instance, by Braskem in Brazil. UPM and 
Dow have announced a partnership to produce bio-polyethylene using crude tall oil (Hicks et al, 2019; and Rainio et al, 2019). The 
UPM process in shown in Figure 18. Crude tall oil is a natural residue from paper pulping. After purification, the tall oil is hydrotreated 
and fractionated producing renewable diesel and bio-naphtha. Dow is using the bio-naphtha at its production facility in Terneuzen, 
Netherlands to make bio-polyethylene. The plastic is used in packaging applications, such as food packaging to reduce food waste. 
This approach addresses the increasing need for renewable plastics. Packaging materials from Dow’s bio-polyethylene have been 
demonstrated to be fully recyclable. This is one example of Dow’s strategy to shift toward a circular economy. Obviously, Dow’s bio-
polyethylene is not biodegradable as explained earlier. If the bio-polyethylene products are incinerated at the end of their useful life, 
they will not generate additional CO2. 

Figure 18. Bio-naphtha and bio-diesel from crude tall oil. [J.Rainio et al (2019)] – UPM Bioverno naphtha for fuels
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Table 1. Dehydrogenation of post-consumer HDPE.

Catalytic Chemical Recycling of Post-consumer Polyethylene 

Figure 1. (a) Overall schematics of chemical recycling of post-consumer waste HDPE into 
a chemically recyclable material with good mechanical properties. (b) Reaction conditions 
and key intermediates of chemical recycling process. (c) 1H NMR spectra and GPC results of 
key intermediates to show the chemical transformations between dehydrogenated HDPE, 
macromonomers, and repolymerized material

Most post-consumer plastic waste is incinerated 
or ends up in landfills instead of being reused 
or recycled. The negative environmental 
consequences associated with such strategies 
have prompted efforts to develop technologies 
such as pyrolysis, gasification, and hydrogenolysis 
to convert waste polyolefins to monomers or 
chemical feedstocks. Herein, the authors describe 
a chemical recycling route for the conversion 
of post-consumer high-density polyethylene 
(HDPE) into telechelic macromonomers suitable 
for circular reprocessing. A controllable approach 
to chemically recycle polyolefins is through 
the installation of cleavable linkages along 
the polymer backbone that allow for selective 
deconstruction In this work unsaturation 
was introduced into HDPE by catalytic 
dehydrogenation using an Ir-POCOP pincer 
catalyst, 1 (Table 1) under hydrogen acceptorless 
conditions and at low catalyst loadings. 
The partially dehydrogenated polyethylene 
provided access to novel polymer-to-polymer 
transformations via cross-metathesis with 
2-hydroxyethyl acrylate. 

Subsequent hydrogenation transformed the partially unsaturated HDPE into telechelic macromonomers (Figure 1). Direct 
repolymerization of these macromonomers gave a brittle material due to the low overall weight-average molecular weight. Given that 
polyethylene samples with a higher fraction of long polymer chains tend to have higher stress and greater chain alignment, efforts were 
made to increase the molecular weight (Mw) and thus improve the mechanical properties of the chemically recyclable material. 

This was accomplished using 
a trifunctional cross-linker 
which provided a controlled 
amount of branching in 
the repolymerized material 
(Figure 1a). Aminolysis of 
telechelic macromonomers 
with a small amount of 
diethanolamine increased 
the overall functionality. The 
resulting macromonomers 
were repolymerized via 
transesterification to generate 
a polymer with mechanical and 
thermal properties comparable 
to the starting post-consumer 
HDPE waste. Depolymerization 
of the repolymerized material 
catalyzed by an organic base 
regenerated the telechelic 
macromonomers, thereby 
allowing waste polyethylene 
materials to enter a chemical 
recycling pathway. Arroyave 
A, Shilin C, Lopez JC, et al. 
(20220. J. Am. Chem. Soc., 
https://doi.org/10.1021/
jacs.2c11949
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In this edition, The Catalyst Review asks Mr. Pro to share his thoughts on the most pressing needs 
associated with new catalyst development.
Catalyst research and design focuses on applying new materials, principles, and concepts to achieve well-defined targets. At Shell 
Catalysts & Technologies, we are seeing an increased need for this approach in order to connect directly with specific end-customer 
needs and challenges across their respective operations. One of the cornerstones of our system design program focuses on offering 
a catalyst solution that matches the distinct objectives of end customers. At the same time, the solution must remain flexible over the 
entire operating cycle, which requires processing diverse feedstocks and shifting to different end products.

We want to learn from our customers. One of the essential things Shell Catalysts & Technologies does in terms of catalyst 
development is getting direct feedback from our customers during prototyping and scale-up. We use that feedback as part of the 
research and development process to create higher-performing, more flexible products that fit for actual use.

For example, consider recent refinery operations. Before the COVID-19 pandemic, many hydrocracking units worked with steady 
feeds in a maximum diesel output mode. During the pandemic, when margins were volatile, those refineries shifted toward 
producing more naphtha and light products. That change in the production process put a strain on the catalyst. Post-pandemic, 
many refineries have moved back into maximum diesel output mode. Shell Catalysts & Technologies catalysts have the flexibility to 
operate in both modes without grossly impacting the economics of the cycle. That is the true value of design flexibility.

Shell Catalysts & Technologies partner, a JV named Zeolyst International, makes it possible to start product development with 
foundational zeolites. Catalyst design starts with the actual synthesis of the zeolite. From there, the zeolitic catalyst can be tailored to 
the exact structure needed for optimal cracking results and matched with the suitable metals for overall performance. For that reason, 
Shell Catalysts & Technologies can be engaged in the process from start to finish.

The best example of this cooperation is our latest MACH line of catalysts (Molecular Access Catalysts for Hydrocracking). MACH 
zeolites have specific mesoporous, nanostructures allowing for a more efficient hydrocracking reaction. The application of mesopores 
enables customers to target the hydrocracking reactions toward larger, less-desired molecules they want to break down. This 
results in reduced gas make, improved desired yields, and more efficient hydrogen consumption. MACH zeolites create additional 
advantages in commercial use, allowing more flexibility when switching between feeds.

What does all this mean for catalyst development in the future? No one knows precisely what the future of refining will hold, but it 
remains a huge component of our energy demands. Taking that into account, the future of catalyst development remains extremely 
important and exciting. Hydrocracking will continue to be a core component of the refining process and the transition to new end 
products will require higher and higher levels of molecular conversion. Combine this with the advent of new feedstocks such as 
biomaterials and recycled plastics, and refiners will have an increasing need for innovative, flexible catalysts.

Jeff Pro
Hydrocracking Application Specialist, Shell Catalysts & Technologies, Houston, TX

Jeff Pro earned his BS in Chemical Engineering from the University of Texas at Austin and has worked 
for 20-plus years in the petrochemical industry in various capacities, including manufacturing, product 
development, technical services, and commercial sales. In his current role as Hydrocracking Market 
Specialist for Shell Catalysts & Technologies, he oversees the business and product development for 
catalysts employed in refining and petrochemical precursor manufacturing. In addition, he is responsible for 
R&D deployment and advanced customer marketing. Jeff and his team rely on customer partners and direct 
operations feedback to ensure that the catalytic offerings from Shell Catalyst & Technologies/ Zeolyst are 
meeting the industry's current and future market needs. He can be reached at Jeff.Pro@shell.com.
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Coming Soon – Topics Include: 
• Lignin and Catalysis • Waste-to-Energy Sorption 
• Sustainable Fuels • Organo-Titanate Compounds          


