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1 Introduction 

Quite often, it is stated that microwave energy is 

extremely efficient in the selective heating of 

materials, since it does not heat all the bulk sample 

and thus less energy is wasted. Microwave heating 

processes are currently undergoing investigation for 

application in a number of fields where the 

advantages of microwave energy may lead to 

significant savings in energy consumption and 

process time and thus support environmental 

remediation. However, despite quite an important 

number of publications in the field of microwave 

heating and the AMPERE conference In Oradea, 

Romania (2007), applications have seen very little 

commercialisation in Romania. Therefore, in 2012, 

Primosal/Chemspeed Ltd. decided to organize the 

Microwave Processing Workshop: from basics to 

applications in Bucharest, Romania. The workshop 

had two main objectives: first, to introduce the 

microwave technology in more detail to researchers 

and potential (industrial) end users and second, to 

encourage collaborations among universities, 

academic organizations, and the industrial sector.  

The workshop was made possible due to sponsorship 

of Primosal, Romania and Sairem, France, and the 

support of the Institute of Physical Chemistry “Ilie 

Murgulescu” in Bucharest and of the Romanian 

Academy of Sciences. An important role in the 

success of the event was also played by the 

endorsement of AMPERE and the participation of 

invited speakers and microwave experts from the 

UK, Italy, and France. 

The three-day event focused on many topics, 

such as microwave fundamentals, microwaves and 

their interactions with matter, microwave heating, 

dielectric measurements and modelling. The 

speakers presented examples from the area of 

environmental applications, biomass extraction, 

food processing, synthesis of nanoparticles and 

nanomaterials in batch and continuous flow system 

as tools for synthetic and mechanistic chemistry. 

 

Figure 1: The Romanian Academy of Sciences in Bucharest, place of Microwave Processing Workshop in September 2012 
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Since the event, the interest in the microwave 

chemistry has been growing in both the business and 

academic sectors as well in the Romanian Academy 

of Sciences, see Figure 1. Romania currently has got 

dedicated small microwave-assisted production 

facilities for applications such as biomass extraction 

from plants yielding essential oils, and other active 

ingredients, for the synthesis of nanomaterials, for 

the residual biomass pyrolysis and for the 

remediation and improvement of the reaction yield 

of biofuels. Results were disseminated via scientific 

papers, patents, and presentations at national and 

international events. 

 

2 The development of emergent industries 
within the Romanian industrial environment 

Contemporary emerging technologies in Romania 

can be distinguished from earlier waves of 

technological change in three respects: 

 They tend to be laboratory-based, requiring 

major expenditures on research that differs from 

traditional ‘pure’ or ‘basic’ scientific research;  

 They are transdisciplinary in their underlying 

knowledge, therefore requiring knowledge and 

skills from a wide variety of specialist fields to 

progress from research to the production of 

commercially successful products;  

 They are generic in scope, meaning they have a 

wider range of potential functions and 

applications than earlier waves of technological 

capabilities and can consequently be viewed as 

generic “solutions in search of problems or as 

platform technologies’’ (Department of 

Innovation, Industry, Science and Research, 

2011).  

This latter aspect also has the problematic 

consequence that emerging technologies tend to be 

supply driven, not demand-driven. 

However, it is clear that Romanian industry 

must be reactive to the new opportunities in sectors 

like pharmaceutical or human health and disease 

prevention. In this context, emerging technologies 

like microwave- and ultrasound-assisted processing 

can offer immediate advantages in terms of easiness 

of automatization/digitalization, safety, and eco-

friendliness. The above mentioned advantages and 

the fact that these technologies can be operated with 

more automatization, more control and safer than 

corresponding conventional ones can be used as a 

strong argument and as an opportunity to change the 

mentality of big chemical companies. 

In this context, the organizers of the workshop 

have decided to focus on a extensive educational 

program for new cohorts of students in the field of 

microwave-assisted processing. 

By the end of 2020 a new pilot company will 

be established in Romania, focusing on microwaves 

and ultrasound technologies to develop new products 

for human health and products for daily life. Equally, 

Primosal/Chemspeed is going to continue their 

efforts in view of technology transfer to different 

customers. 

 

3 Examples of Primosal/Chemspeed process 
development techniques transferred to 
commercial scale  

3.1 Extraction of polyphenols from residual 
grape marc using microwave- and 
ultrasound- assisted continuous flow 
processing 

Intensification of the extraction process of 

polyphenols from grape marc was demonstrated at 

laboratory scale to a wine grower using a 

simultaneous microwave/ultrasound reactor based 

on a 2.45 GHz, 2 kW microwave generator and a 25 

kHz, 200 W focused ultrasound solid–liquid 

extraction (FUSLE), Figure 2. At present, 

Primosal/Chemspeed Ltd. and a customer are 

looking into the technology transfer and the 

economics of the process. 

 

Figure 2: Installation for microwave (2.45 GHz, up to 2 kW) 
and ultrasound (25 kHz, up to 200 W) treatment in 

continuous flow 
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3.2 Microwave portable device for woodworm 
disinfestation  

Primosal/Chemspeed Ltd. developed the 

MICROWOOD 12 portable device, Figure 3, a new 

generation of microwave-assisted technology for 

pest control that is expected to play an important role 

in treatment, preserving, and conservation of 

heritage objects, unmovable wood structures, 

cultural and ecclesiastical objects.  

The construction and specific design of this 

device allows for obtaining very short operating 

time, good yield pest control, and uniform heating of 

treated area [1].  

 

 

Figure 3: Microwood 12, 2.45 GHz, 1.2 kW 

The Ministry of Culture and National Heritage 

Institute in Romania decided to evaluate the 

apparatus for the decontamination of infested 

wooden objects; the tests highlighted the following 

advantages: 

 Safe to use for the treatment of work art, less 

expensive than existing methods, less dangerous 

for the environment and the operator; 

 Organisms or microorganisms are heated up 

above their lethal temperature; 

 The temperature reached by the object and its 

spatial variations does not provoke deformation 

of the treated object; 

 Could be applied to objects of historical-artistic 

interest as: furniture, frames, musical 

instruments, paper (books, documents, etc.), 

cloth (carpets, tapestries, canvas, etc.); 

 Can be used for the control of woodworms, 

funguses, molds; 

 Consists of a flexible modular design; 

 Reliable with an intelligent service and 

maintenance concept; 

 Environmentally friendly, high control and 

process speeds, rapid heating to operating 

temperature, uniform heat distribution; 

 Good efficiency of the applied energy. 

 

The drawbacks of this process are, however, because 

of microwave leakage and related safety issues the 

microwave treatment has to be controlled remotely, 

which leads to additional expenditure.  

 

3.3 Extraction of rose essential oil from fresh rose 
petals using microwaves 

Essential oils are interesting natural plant products. 

In addition to many valuable qualities, they possess 

various biological properties such as antibacterial, 

antifungal, antimicrobial and antiviral properties. 

The uses of the essential oils for industry, health, 

food and fashion are vast and diverse, but usually 

they are divided in two large categories: general and 

special. At the intersection of cutting-edge research 

and traditional wisdom, the new era of technology 

opens many other applications of essential oils in the 

nanomaterial field with diverse uses like smart 

textiles, nutraceuticals and many others.  

To support the development of such 

applications, we demonstrated the extraction of rose 

essential oil from fresh Rosa x damascena Mill. 

petals by four methods, hydrodistillation, steam 

distillation, organic solvent extraction, and 

ultrasounds followed by microwave 

hydrodistillation. The chemical composition of the 

extracts was analyzed by GC-MS, and the 

antioxidant capacity by DPPH. It was found that both 

chemical composition and the antioxidant activity of 

the extracts depend on the extraction method. 

Overall it was found that microwaves coupled 

with ultrasonic treatment can be used effectively for 

the intensification of the extraction of monoterpenes 

and sesquiterpenes—fragrance bearing molecules—

and equally, for increased antioxidant activity while 

using about extraction times 4 time shorter than the 

methods used for comparison and listed above. The 

scale-up of the method was also evaluated [2]. The 

results obtained in this research support the possible 

use of the US/MW method for the extraction of rose 
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essential oil for the pharmaceutical and fragrance 

industry, see Figure 4. 

The technology was transferred to 

Chemarkrom, Brasov, Romania who had positive 

results such as:   

 Increase of extraction rates; 

 Improved selectivity; 

 Lower extraction temperature; 

 Shorter extraction time (sometimes minutes 

versus hours compared to classical steam 

distillation process); 

 100 % eco-friendly; 

 Higher antioxidant activity; 

 Mathematical models show a good correlation 

between experimental and theoretical results 

meaning easier and faster extrapolation at larger 

scales. 

 

The drawbacks of this process are, however, its 

relatively high cost and the difficulty of training 

specialized personnel to run it. 

 

 

Figure 4: Pilot for the extraction of rose essential oil from 
fresh petals, 2.45 GHz, up to 6 kW, 20 L reactor 

4 Conclusion 

The successful implementation of the microwave 

technology in the Romanian industry is quite 

complex today. Primosal/Chemspeed is determined 

to be the link between the researchers, the 

microwave equipment manufacturers, and the end 

users. Our main role consists of sustaining the 

technology transfer and its implementation by being 

the main contact between the researchers, 

microwave manufacturers and end users, by making 

available enough in-depth and hands-on explanation 

about the equipment and training to allow for correct 

and safe operation. 
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