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Ultra-sonication and Biodesulfurization

N4

» Sonication Is a technique for enhancement the kinetics of biochemical processes involving enzymatic or biochemical
transformations [1].

» The integration of BDS with ulta-sonication may increase the Biodesulfurization (BDS) performance [2].

» During ulta-sonication, the exposure of liquids to ultrasonic waves of high intensity causes acoustic cavitation that
Induces better surface chemistry of catalysts by enhanced micro-mixing and oxidation of the organo-sulfur compounds. B )

> Ultra-sonication can be integrated with the BDS process because it can solubilize the insoluble or slightly soluble Figure 1. Ultra-sonication of oil for enhancing the BDS process.
organo-sulfur compounds into aqueous solution.

» Especially for bunker oil, which has higher viscosity than gasoline and diesel, the low solubility in agueous phase might be one of major limitations of BDS. Reducing the viscosity of
bunker oil and increasing the contact of bunker oil with biocatalyst Is a critical step in BDS. Moreover, hydroxyl radicals and hydrogen peroxide can be formed by the decomposed of water
under ultrasound In agueous solutions [2,3] and this can contribute to oxidation of organosulfur compounds such as the oxidation of thiophenes into sulfones.

» Moreover, the volatile and semi-volatile thioethers and thiophenes can also be decomposed by sonication in the agueous solution.

» The oxidative desulfurization of liquid fuels can be considerably accelerated by ultrasound treatment.

(B) Software for controlling the high intensity ultrasonic system.:
» The software interface to control the ultrasonic system is written in C#*#. The software
development includes the following tasks:
= Ultrasound control (frequency, voltage or power, pulse duration, continuous or pulse mode,
pulse repletion frequency (PRF), delay between exposures, and number of exposures).
= Temperature measurement.
= Command history.
= Design of a modern electronic driving system. The electronic system includes devices of
therapeutic ultrasound (signal generator and RF amplifier). The system is hosted In a
commercial cart.

(A) Development of a high intensity ultrasonic system for removing sulfur from
DBT
» The ultrasonic system was developed to increase the performance of BDS process.

If the device is changed, the new USB address must be

entered here. Copy and paste it from Agilent Expert

1 (see figure 2).
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] The ultrasound control user interface controls two different types of
generators (Figure 3). The procedure to control the generators is the

. following:

@ Agilent: In order to control the Agilent signal generator the
‘“VisaComLib.dIl’ library was used to send and receive commands from
the signal generator. The commands were send in string format to the
generator.

J RFG_100: The RFG 1000 (JJ&A Instruments, USA). It is connected with
the computer via a USB interface and can be controlled from the computer
by sending commands in string format. In order to interchange string
commands with device, a serial com port was opened.

Figure 2. Ultra-sonication system: (a) Electronic system (front view), (b) Electronic system (rear view), (c)
Single transducer water tank, (d) Six transducers water tank with the thermal insulation foam.

_1 A simple system with a single transducer was developed to be used at a small volume BDS process.

_1 A larger container — water tank was developed with six transducers and a thermal insulation foam to cover larger volumes of BDS
process.

1 A software for controlling the high intensity ultrasonic system was also developed.

JReferences: /Project Funding Project partners )
[1] zhigang Yi, Xuguang Ma, lJiuhua Song, Xiaorong Yang, Qiong Tang, 2019. This work was co-funded by the European Regional
Investigations in enhancement biodesulfurization of model compounds by Development Fund and the Republic of Cyprus through the ) ¥ C 0 mn
ultrasound pre-oxidation, Ultrasonics Sonochemistry, 54, 110-120. Research and Innovation Foundation (OilEcoDesulfur: /\(\,\‘( Yprus Q' Q' o )

s . [ ) :
[2] Bhasarkar, J.B., Dikshit, P.K. and Moholkar, V.S., 2015. Ultrasound assisted POST-DOC/0916/0121) HEEEﬂHCH L] ® . . A’ ‘,‘ UnlverSlty
biodesulfurization of liquid fuel using free and immobilized cells of Rhodococcus « . » v ' v UnlverS]_ty Of

. ng free and immob RESTART 2016 — 2020”. & INNOVATION ORTEST

rhodochrous MTCC 3552: A mechanistic investigation. Bioresource technology, 187, RPE PROJECT NUMBER: POST-DOC/0916/0121 ) )
365-378 | - FOUNDATION MopBpwrik Tapeia [ Ci0E T Technology O LYpIrus
[3] Srivastava, V.C., 2012. An evaluation of desulfurization technologies for sulfur PILLAR: Il. SUSTAINABLE RTDI SYSTEM ¢ Eupwnaikng ‘Evwong otnv Kinpo
removal from liquid fuels. Rsc Advances, 2(3), 759-783. CROGRAMME: DIDAKTOR (Post-Doctoral Researchers) A “your partner in quality” /

_—




