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Porphyrinic zirconium metal-organic frameworks: Synthesis and applications for adsorption/catalysis
Yu KS, Won DI, Lee WI, Ahn WS

Abstract - Zr-based porphyrinic MOFs, which have isolated porphyrin units imbedded in MOFs’ rigid structure, exhibit 

excellent textural properties and high stability. Among the porphyrin ligands, tetrakis(4-carboxyphenyl)-porphyrin (TCPP) is 
broadly employed, and so far, seven Zr-based porphyrinic MOFs of MOF-525, MOF-545 (also named PCN-222), PCN-221, 
PCN-223, PCN-224, PCN-225, and NU-902 have been synthesized using TCCP. The built-in TCPP ligand with various 
functionality and coordinatively unsaturated Zr clusters can be subjected to diverse pre- and post-synthesis functionalization or 
guest encapsulation. Aided by the excellent hydrothermal/chemical stability and high porosity, these Zr-based porphyrinic 
MOFs are gaining attention for applications in adsorption, sensors, heterogeneous catalysis for chemical conversions, 
photocatalysis, electrocatalysis, and others. This paper reviews the current status of research and development on the synthesis, 
characterization, functionalization, and adsorption/catalysis applications of Zr-based porphyrinic MOFs. 

Korean Journal of Chemical Engineering,
Vol.38, No.4, 674-691, 2021

Hydrogen sulfide removal technology: A focused review on adsorption and catalytic oxidation
Yang JH

Abstract - The principal technologies for H2S removal are reviewed herein. Two technologies in particular, adsorption and 

catalytic oxidation, are considered as promising for desulfurization in terms of process simplicity, H2S removal performance, 
and operational cost. Nanoporous materials such as activated carbons, zeolites, mesoporous silicas, and metal organic 
frameworks are extensively used as sorbents because their porous characteristics are suitable for efficient diffusion and capture 
of H2S. To improve the H2S adsorption performance, these materials are frequently modified with functional groups or doped 
with various metal oxides. For example, representative metal oxide-based catalysts (e.g., vanadium, magnesium, and iron 
oxides) have been investigated for the selective oxidation of H2S to elemental sulfur. In this context, the dispersion of active 
metals onto supports, or the addition of modifying metals, are reasonable strategies for inhibiting catalyst deactivation and 
enhancing catalytic activity. Emerging studies based on the combination of adsorption and catalytic oxidation have introduced 
the syntheses of dual-function materials,, such as metal nanoparticle-dispersed or metal-free porous carbons. In conclusion, 
comprehensive research into catalyst synthesis and performance evaluation must continue in order to develop the most 
promising technology for H2S removal. 

Korean Journal of Chemical Engineering,
Vol.38, No.4, 692-703, 2021

Life cycle based optimal design of utility system in offshore plants
Lee HG, Jo YT, Shin JY, Hwang SW

Abstract - Offshore plants have many inherent constraints and risks compared to onshore plants, and it is crucial to optimize 

the operation of the offshore plant by adhering to constraints. Previous studies proposed a framework of utility systems that 
operate under various conditions. However, few studies have addressed the optimization of utility systems during the operating 
life cycle. To fill in this gap, we propose a new methodology for the design and optimization of the utility systems in the 
offshore plants. The utility systems are designed and optimized in Aspen Utilities Planner, considering the full life cycle of the 
oil and gas wells. For this, we first developed steady-state models of the topside processes based on every feasible operating 
scenario throughout the full life cycle. Then the utility consumption data was extracted from the simulation results and 
analyzed. The power system was designed using Aspen Utilities Planner (AUP), and it was optimized to maximize the thermal 
efficiency of the utility system, satisfying power demand for all the scenarios. The optimized results illustrate the significant 
saving of the operating cost and reduction of CO2 emission rate. Our studies suggest a generic framework to design utility 
systems in offshore plants. 
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Korean Journal of Chemical Engineering,
Vol.38, No.5, 885-898, 2021

Recent applications of the liquid phase plasma process
Kim SC, Park YK, Jung SC

Abstract - In this paper, the principle and application of plasma are briefly described, and in particular, the principle and 

practical application for plasma generated in liquid are introduced. Also, the research results of water treatment, synthesis of 
metal nanoparticle, synthesis of visible light-responsive photocatalyst, synthesis of energy material, and hydrogen gas 
production, which were tested using liquid phase plasma, are introduced. Various water pollutants were treated and hydrogen 
gas was produced using the strong chemical oxidizing species and ultraviolet rays in the plasma field generated in the reactant 
aqueous solution during the liquid phase plasma (LPP) process. The effects of plasma discharge conditions, dissolved oxygen 
concentration, pH value, photocatalytic behavior, as well as the properties of organic solutions on the LPP reaction were 
investigated experimentally and reported. Based on these previous studies, metal nanoparticles were synthesized using 
hydrogen atom radicals as well as the numerous electrons in the plasma field generated during the LPP process. Additionally, 
these studies indicate that visible light-responsive photocatalysts can be obtained when metal nanoparticles are precipitated in 
TiO2. They also provide evidence that metal nanoparticles can be precipitated in various carbon materials for application as 
electrodes in secondary batteries and supercapacitors. Therefore, the LPP process has been successfully applied in various 
fields given that it can be easily and conveniently used, and presently it is being applied in several new fields and many 
possibilities for its future application are expected. 

Korean Journal of Chemical Engineering,
Vol.38, No.5, 938-944, 2021

Life cycle assessment of LPG and diesel vehicles in Korea
Kim MJ, Lee EJ, Kim CJ, Hong UG, Park DS, Shin HB, Lee KY

Abstract - With LPG automobile deregulation in 2019, the demand for LPG automobiles has increased in Korea; therefore, a 

comparison of the eco-friendliness of LPG and other petroleum-based vehicles has become necessary. We conducted a well-
to-wheels (WTW) analysis of diesel and LPG fuel in Korea. GREET, PRELIM, and GHGenius models were utilized to 
calculate and appropriately allocate the energy use and greenhouse gas (GHG) emission in the life cycle process of diesel and 
LPG fuel. In the well-to-tank (WTT) step, the GHG emissions of LPG were lower than that of diesel because of the lower 
energy consumption of LPG in fuel production. For the WTW comparison, we selected four automobiles currently sold in 
Korea and a 1,500 kg curb weight model. The WTW GHG emissions of the LPG automobiles were lower than those of the 
diesel SUV and the 1 ton truck. On the other hand, the WTW GHG emissions of diesel automobiles were lower in the sedans 
and in the 1,500 kg model. Finally, it was verified that LPG automobiles were advantageous in terms of GHG emission in the 
SUV and one-ton truck, although the GHG emissions of diesel and LPG vehicles can vary depending on the fuel economy of 
the vehicles. 

Korean Journal of Chemical Engineering,
Vol.38, No.5, 1014-1022, 2021

Enhancing the separation and antifouling properties of PES nanofiltration membrane by use of chitosan 
functionalized magnetic nanoparticles

Zareei F, Bandehali S, Hosseini SM
Abstract - Chitosan functionalized (CoFe2O4-CuO) composite nanoparticles were synthesized and then used in fabrication of 

PES-based nanofiltration membranes. X-ray diffraction, Fourier transform infrared spectroscopy and scanning electron 
microscopy were used for the characterization of synthesized nanoparticles. The fabricated membranes were also characterized 
by scanning electron microscopy, 3D surface images, water contact angle, membrane porosity, pure water flux, salt rejection 
and fouling resistance consideration. Obtained results revealed that water contact angle was reduced significantly from 65°for 
the neat membrane to 36°for M5 with 1.0 wt% composite nanoparticles. All modified membranes also showed higher water 
flux and salt rejection than virgin PES membrane. The highest pure water flux measured 45.2 L/m2h and the highest salt 
rejection measured 88% for the modified membranes containing of composite nanoparticles. The modified membranes showed 
outstanding antifouling ability. The flux recovery ratio enhanced from 40% for pristine membrane to 93% for the modified 
ones with 0.5wt% of Cs-functionalized (CoFe2O4/CuO) composite nanoparticles.
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해수 이용 LNG 재기화 공정의 딥러닝과 AutoML을 이용한 동적모델링

AutoML and Artificial Neural Network Modeling of Process Dynamics of LNG Regasification Using 
Seawater

신용범, 유상우, 곽동호, 이나경, 신동일

Abstract - ORV의 열교환 효율 향상 및 운전 최적화를 위한, first principle 기반 모델링 연구들이 수행되어왔지만, 

ORV의 열전달 계수는 시간, 위치에 따라 불규칙한 시스템으로, 복잡한 모델링 과정을 거친다. 본 연구는 복잡한 
시스템에 대한 데이터 기반 모델링의 실효성을 확인하고자, LNG 재기화 공정의 실제 운전데이터를 이용해, ORV의 
해수 유량, 해수온도, LNG 유량 변화에 따른 토출 NG 온도 및 토출 해수 온도의 동적 변화 예측이 가능한, FNN, LSTM 
및 AutoML 기반 모델링을 진행하였다. 예측 정확도는 MSE 기준 LSTM > AutoML > FNN 순으로 좋은 성능을 보였다. 
기계학습 모델의 자동설계 방법인 AutoML의 성능은 개발된 FNN보다 뛰어났으며, 모델 개발 전체소요시간은 복잡한 
모델인 LSTM 대비 1/15로 크게 차이를 보여 AutoML의 활용 가능성을 보였다. LSTM과 AutoML을 이용한 토출 NG 및 
토출 해수 온도의 예측은 0.5 K 미만의 오차를 보였다. 예측모델을 활용해, 겨울철 ORV를 이용해 처리 가능한 LNG 
기화량의 실시간 최적화를 수행하여, 기존 대비 최대 23.5%의 LNG를 추가 처리 가능함을 확인하였고, 개발된 동적 
예측모델 기반의 ORV 최적 운전 가이드라인을 제시하였다. 

Korean Chemical Engineering Research,
Vol.59, No.2, 247-253, 2021

Coalescence of Two Oppositely Charged Droplets at Constant Electric Potential
Lee DW, Kang IS

Abstract - Electrocoalescence is an active technique in petroleum industry, formation of raindrop in cloud, and digital 

microfluidics. In the present work, electrocoalescence of two droplets under the constant electric potential in air was studied. 
Through this experiment, we found that the electrocoalescence process could be divided three phases; deformation, formation 
of liquid bridge, and merging. And the condition for formation of liquid bridge between two droplets was obtained. For the 
connection of experimental result in constant potential condition with general case in constant charge condition, relationship of 
charge and potential difference was deduced by numerical computation. In high electric potential case, flat interfaces after 
recoiling were observed. It was interpreted through a numerical simulation of electric field. 

Korean Chemical Engineering Research,
Vol.59, No.2, 254-259, 2021

고밀도 C4F8 플라즈마에서 증착된 불화탄소막의 광학적 및 전기적 특성

Optical and Electrical Characteristics of Fluorocarbon Films Deposited in a High-Density C4F8 Plasma
권혁규, 유상현, 김준현, 김창구

Abstract - 고밀도 C4F8 플라즈마에서 증착된 불화탄소막의 광학적 및 전기적 특성을 소스파워와 압력을 변화하며 

분석하였다. 고밀도 C4F8 플라즈마에서 증착된 불화탄소막의 F/C 비율은 2단계 증착 메커니즘의 작용으로 소스파워가 
증가할수록 증가하였고 압력이 증가할수록 감소하였다. 고밀도 C4F8 플라즈마에서 증착된 불화탄소막의 F/C 비율 
변화는 불화탄소막의 광학적 및 전기적 특성 변화에 직접적으로 영향을 끼쳤다. 즉, 불화탄소막의 굴절률은 F/C 비율 
변화 양상과는 달리 소스파워가 증가할수록 감소하였고 압력이 증가할수록 증가하였는데 이는 F/C 비율이 증가할수록 
전자분극작용이 억제되고 불화탄소막의 망상조직이 약화되어 굴절률이 감소하기 때문이었다. 불화탄소막의 비저항은 
F/C 비율 변화와 같이 소스파워가 증가할수록 증가하였고 압력이 증가할수록 감소하였는데 이는 F/C 비율이 
증가할수록 주변 전자들을 반발하려는 경향이 강해져서 비저항이 증가하기 때문이었다. 고밀도 C4F8 플라즈마에서 
증착된 불화탄소막의F/C 비율 조절로 불화탄소막의 광학적 및 전기적 특성을 직접적으로 변화할 수 있으므로 
불화탄소막이 반도체소자제 조공정에서 저 유전상수 물질 대체용으로 가능할 수 있음이 예상된다. 


