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UV Irradiation and Ozone Treatment of -Carrageenan: 

Kinetics and Products Characteristics 
 

Aji Prasetyaningrum1,*, W. Widayat1, Bakti Jos1, Yudhy Dharmawan2, R. Ratnawati1 

 
1Department of Chemical Engineering, Diponegoro University, Jl. Prof. Soedarto S.H., Tembalang, 

Semarang 50239, Indonesia. 
2Faculty of Public Health, Diponegoro University, Jl. Prof. Soedarto S.H., Tembalang, Semarang 

50269, Indonesia. 

Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2) 2020, 319 -330 

Abstract 

The low molecular weight (LMW) of sulfated polysaccharides including -carrageenan, is shows a wide 

spectrum of biological activities. This research investigates the influence of UV irradiation, ozone (O3), 

and the combination of O3/UV methods on the depolymerization of -carrageenan. The 

depolymerization kinetics of -carrageenan using the Advanced Oxidation Process (UV/O3) was also 

studied. Furthermore, the intrinsic viscosity method was used to determine the average molecular 

weight of the research sample, and a mathematical model was developed to predict the kinetic rate 

constant, as a function of ozone dosage and UV irradiation intensity. Therefore, the physicochemical 

and morphological properties of the degraded -carrageenan were analyzed by FT-IR, SEM, and XRD. 

The intrinsic viscosity -carrageenan decreases with increasing UV light intensity and ozone 

concentration. The combination of UV/O3 treatment appeared to be more effective than the individual 

approaches, as the highest kinetic rate constant for depolymerization was 1.924×10-4 min-1, using 125 

mg/L ozone concentration and 40 mW/cm2 of UV lamp intensity. This research also evaluated the 

relationship between various experimental conditions, including UV lamp power dissipation and ozone 

concentration on the reaction kinetics model, and the results suggest that lower effect is contributed by 

UV irradiation intensity. In addition, FT-IR spectra showed the absence of any significant change in 

the functional properties of -carrageenan treated with UV and O3 processes, although the 

morphological properties of the LMW -carrageenan were rougher and more porous than the native -

carrageenan. Copyright © 2020 BCREC Group. All rights reserved 

 

Keywords: -carrageenan; UV irradiation; ozone; depolymerization 
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Research Article 

1. Introduction 

Carrageenan is a high molecular weight 

sulfated polygalactose obtained from the marine 

macroalgae (Rhodophyceae). These are further 

* Corresponding Author. 

   E-mail: aji.prasetyaningrum@che.undip.ac.id 

   Telp: +62-24-7460058, Fax: +62-24-76480675 

Received: 10th January 2020; Revised: 9th March 2020; Accepted: 13th March 2020; 

Available online: 30th July 2020; Published regularly: August 2020 

classified according to the 3,6 anhydrogalactose 

present on the 4-linked residue, as well as the 

number and position of the sulfate group. 

Generally, three types have been identified, in-

cluding the iota (-), lambda (-) and kappa ()-

carrageenan, which is specifically the most 

widely cultivated in Indonesian waters. The -

carrageenan consists of a common D-galactose 

backbone, characterized by alternating (1,3)-D-
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One-Pot Access to Diverse Functionalized Pyran 

Annulated Heterocyclic Systems Using SCMNPs@BPy-

SO3H as a Novel Magnetic Nanocatalyst 
 

Ke Chen1,*, Guangzu He1, Qiong Tang1, Qahtan A. Yousif2 

 
1Hunan Polytechnic of Enviroment and Biology, Hunan, 421005, China. 

2University of Al-Qadisiyah, College of Education, Department of Chemistry, Republic of Iraq. 

Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2) 2020, 348-366 

Abstract 

The SCMNPs@BPy-SO3H catalyst was prepared and characterized using Fourier Transform Infrared 

Spectroscopy (FTIR), Thermogravimetric Analysis (TGA), Vibrating Sample Magnetometry (VSM), En-

ergy Dispersive X-ray Spectroscopy (EDX), X-ray Diffraction (XRD), and Scanning Electron Microscopy 

(SEM). Afterwards, its capability was efficiently used to promote the one-pot, three-component synthe-

sis of pyrano[2,3-c]pyrazole and 2-amino-3-cyano-pyrano[3,2-c]chromen-5(4H)-one derivatives. The 

strategy resulted in the desired products with excellent yields and short reaction times. The 

SCMNPs@BPy-SO3H catalyst was readily recovered using a permanent magnetic field and it was re-

used in six runs with a slight decrease in catalytic activity. Copyright © 2020 BCREC Group. All rights 

reserved 

 

Keywords: Multicomponent reaction; Solvent-free conditions; Magnetic nanocatalyst; SCMNPs@BPy-

SO3H, pyrano[2,3-c]pyrazole; 2-amino-3-cyano-pyrano[3,2-c]chromen-5(4H)-one 
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Research Article 

1. Introduction 

In the last decade, considerable attention has 

been paid to the synthesis of Fe3O4 magnetic na-

noparticles (MNPs) in various fields of applica-

tions due to their unique features, such as: high 

surface area, superparamagnetic behavior, low 

toxicity, biocompatibility, suitability for large-

scale generation, simple recovery, and coupling 

with organic and inorganic molecules [1-9]. 

Coating an organic (biowastes) or inorganic 

(bentonite, alumina, silica, zeolite, and metal 

* Corresponding Author. 

   E-mail: chenkechina@126.com (K. Chen) 

Received: 10th December 2019; Revised: 18th March 2020; Accepted: 24th March 2020; 

Available online: 30th July 2020; Published regularly: August 2020 

oxides) support surface on MNPs prevents these 

nanomaterials from agglomeration due to the 

strong dipole-dipole attraction; it also improves 

their efficiency in terms of catalytic activity and 

simplify separation [10-11]. Surface modifying 

of Fe3O4 magnetic nanoparticles with silica lay-

er growth the available active sites and amelio-

rate the chemical stability [12]. Furthermore, 

because of the presence of active hydroxyl 

groups on the silica surfaces, a wide range of or-

ganic and inorganic linkers can be attached to 

them and promote their application in many 

chemical processes. 
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Totally-green Fuels via CO2 Hydrogenation 
 

Lorenzo Spadaro1,2,*, Alessandra Palella1,*, Francesco Arena1,2 

 
1Istituto CNR di Tecnologie Avanzate per l’Energia “Nicola Giordano”, Via S. Lucia sopra Contesse n.5, 

98126 Messina, Italy. 
2Dipartimento di Ingegneria, Università degli Studi di Messina, Viale F. Stagno D’Alcontres 31,  

I-98166, Messina, Italy.  

Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2) 2020, 390-404 

Abstract 

Hydrogen is the cleanest energy vector among any fuels, nevertheless, many aspects related to its 

distribution and storage still raise serious questions concerning costs, infrastructure and safety. On 

this account, the chemical storage of renewable-hydrogen by conversion into green-fuels, such as: 

methanol, via CO2 hydrogenation assumes a role of primary importance, also in the light of a cost-to-

benefit analysis. Therefore, this paper investigates the effects of chemical composition on the 

structural properties, surface reactivity and catalytic pathway of ternary CuO-ZnO-CeO2 systems, 

shedding light on the structure-activity relationships. Thus, a series of CuZnCeO2 catalysts, at 

different CuO/CeO2 ratio (i.e. 0.2-1.2) were performed in the CO2 hydrogenation reactions at 20 bar and 

200-300 °C, (GHSV of 4800 STP L∙kg∙cat-1∙h-1). Catalysts were characterized by several techniques 

including X-ray Diffraction (XRD), N2-physisorption, single-pulse N2O titrations, X-ray Photoelectron 

Spectroscopy (XPS), and Temperature-programmed Reduction with H2 (H2-TPR). Depending on 

preparation method, the results clearly diagnostics the occurrence of synergistic structural-electronic 

effects of cerium oxide on copper activity, with an optimal 0.5 copper-to-cerium content. The rise of 

CuO loading up to 30% drives to a considerable increase of hydrogenation activity: C2Z1-C catalyst 

obtains the best catalytic performance, reaching methanol yield value of 12% at 300 °C. Catalyst 

activity proceeds according to volcano-shaped relationships, in agreement with a dual sites mechanism. 
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Research Article 

1. Introduction 

Although electric vehicles are the best envi-

ronmental choice, the high costs and the limited 

availability of several materials do not allow the 

total replacement of thermal engines worldwide. 
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Prompted by the need of meeting the rise in the 

energy demand and at the same time reducing 

polluting emissions, the industrialized countries 

are facing new model of development based on 

the renewable sources and zero emissions tech-

nologies adoption [1–3]. Regarding this, hydro-

gen is the most abundant element in the uni-

verse and it is considered a source of large-scale 

clean energy, which by 2050 could supply al-
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