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Industrial Process Identification and Control Design: Step-test and 

Relay-experiment-based Methods 

Liu Tao  

AVT - Aachener Verfahrenstechnik Process Systems Engineering, RWTH Aachen University 

In chemical and industrial process system engineering, it has been well recognized that 

model-based control strategies can result in superior system performance, e.g., set-point tracking, 

load disturbance rejection, and optimal operation. Owing to the fact that process dynamics and 

operational characteristics are heavily affected by input actuator(s), measurement sensor(s), signal 

processing unit(s), transmission distance, and monitoring computer(s) that are installed for system 

operation, control-oriented model identification methods have been increasingly explored in 

recent years, compared to the traditional process modeling from the first principle of chemistry or 

physics which cannot precisely or even efficiently describe the overall system established for 

production/operation. 

Model identification is based on using an excitation signal to the process input and then 

observing the process output response. By analyzing the input and output data, mathematical 

modeling methods are developed to formulate dynamic response relationship between the process 

input and output, so that the influence from the aforementioned instruments for system operation 

can be explicitly included. 

Two types of identification tests are considered in a series of research work and publications 

that are summarized in a monograph titled ‘Industrial Process Identification and Control Design: 

Step-test and Relay-experiment-based Methods’ to be published by Springer in Berlin and London. 

One is step response test, which can be performed from zero initial process state or steady 

operation state, and therefore, is referred to open-loop or off-line identification. The other is relay 

feedback test, which can be performed during system operation on line, and therefore, is referred 

to closed-loop or on-line identification. Based on a classification of different dynamic response 

characteristics, process models are classified as three types, stable, integrating and unstable, for 

identification. 

According to the identified process model types, a series of model-based control methods 

have been developed which are also summarized in the above monograph, mainly including 

control methods for single-input-single-output (SISO) systems, cascade control system design 

methods, multiloop/decentralized and decoupling control methods for 

multiple-input-multiple-output (MIMO) processes, and industrial batch process control methods. 

A brief overview of this monograph will be presented in this conference. 



 

Coupling of energy/environment related reactions in 

perovskite catalytic membrane reactor 

Heqing Jiang 

Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-45470 

Mülheim an der Ruhr 

Chemical industry brings us the environmental problem while it meets the basic human 

needs. It is necessary to build innovative process-engineering technologies for the reduction of 

energy consumption and the minimization of waste streams. The novel coupling of 

energy/environment related reactions in the membrane reactor will be discussed in this talk. 

Specifically, the equilibrium controlled water splitting and the kinetically controlled NO and 

N2O decomposition were studied in the perovskite BaCoxFeyZr1−x−yO3−δ (BCFZ) hollow fiber 

membrane reactor that allows the selective permeation of oxygen. It is found that the hydrogen 

production rate or the conversion of NO and N2O on the core side directly depends on the rate of 

oxygen removal from the core side to the shell side of the BCFZ membrane. The effective 

hydrogen production or nitrogen oxides abatement were achieved by coupling water dissociation 

or nitrogen oxides decomposition with a series of oxygen-consuming reactions on the opposite 

sides of the BCFZ hollow fiber membrane reactor. 

In the presented coupling strategies, not only the reactions on both sides of the membrane 

reactor are energy/environment related and/or industrially interesting, but also the reactor 

performance has been significantly improved, which contributes to the concept of process 

intensification. 

Literatures: 

1. H. Q. Jiang, F. Y. Liang, O. Czuprat et al., Chem. Eur. J. 2010, 16, 7898. 

2. H. Q. Jiang, Z. W. Cao, S. Schirrmeister et al., Angew. Chem. Int. Ed. 2010, 49, 5656. 

3. H. Q. Jiang, H. H. Wang, F. Y. Liang et al., Angew. Chem. Int. Ed. 2009, 48, 2983. 

4. H. Q. Jiang, H. H. Wang, S. Werth et. al., Angew. Chem. Int. Ed. 2008, 47, 9341. 

5. H. Q. Jiang, L. Xing, O. Czuprat et al., Chem. Commun. 2009, 6738. 
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Surface- and Microanalysis with Thermo Scientific 

Juergen Simon (Area Sales Manager Micro Analysis) 

Thermo Fisher Scientific, Im Steingrund 4-6, 63303 Dreieich 

E-mail: juergen.simon@thermofishe.com 

http://www.thermoscientific.com/microanalysis 
 

Analyzing and understanding material is a key point of doing material science and 

developing new material with new properties. Thermo Scientific offers a wide range of different 

analytical instruments to analyze and answer your material science questions. 

By using Microanalysis products attached 

to a Scanning Electron Microscope (SEM) it is 

possible to combine image information with 

chemical and structural information. Energy 

Dispersive X-ray Spectroscopy (EDS) and 

Wavelength Dispersive X-ray Spectroscopy 

(WDS) provides chemical information down to 

trace elemental search. Based on acquired 

elemental maps it is possible to calculate a 

chemical Phase distribution. Adding an 

Electron Backscatter Diffraction (EBSD) 

camera it is even possible to determine the 

crystallographic structure. Our NORAN System 

7 includes all these modern techniques in one 

system to acquire andwork with these results 

and gives most efficiency in doing material 

science. 

For analyzing thin films or coated 

material it is often important to get information 

of the top some nanometers of your sample. 

X-ray Photoelectron Spectroscopy (XPS) 

allows analyzing this real top surface of the 

material. Acquired spectra allow identifying and 

quantifying different elements. By analyzing 

the fine structure it is for example even possible 

to estimate the oxidation state. 
 

 



 

Hydrothermally Controllable Synthesis and Application of 
Anisotropic Chalcogenide Nanostructures 

Dr. Weidong Shi 

Institute of Inorganic Chemistry, University of Cologne, Greinstraße 6 D-50939 Cologne 

Because of their unique chemical and physical properties, anisotropic chalcogenide 

nanostructures have gradually played a pivotal role in a variety of research fields, including 

electronics, chemical reactivity,
 
energy conversion, optics. A major feature of these nanostructures 

is the quantum confinement effect, which depends strongly on their size, shape, crystal structures 

and polydispersity. To control these factors, various methods for the synthesis of anisotropic 

chalcogenide nanostructures have been developed. Among these methods, hydrothermal method 

based on water has attracted more and more attentions because of its outstanding advantages, such 

as high yield, simple manipulation, easy control, uniform products, less air pollution low energy 

consumption and so on. However, still, the design and synthesis via hydrothermal method of 

anisotropic chalcogenide nanostructures with well-defined morphology, size and controlled 

properties is an ongoing challenge of nanoscience and nanotechnology. 

Recently, we made some important progress in the development of hydrothermally 

controllable method for the synthesis of various anisotropic chalcogenide nanostructures. In 

particular, we focus on the control of reaction balance that is in favor of the growth of anisotropic 

nanostructures via selecting reasonable precursors. Three synthetic routes based on the different 

precursors have been designed and applied in our works, including (i) the secondary growth of 

nanocrystal precursors; (ii) the reduction of soluble inorganic precursors; (iii) the thermal release 

of soluble organic precursors. The properties and potential applications of obtained anisotropic 

chalcogenides nanostructures are also studied.  

1. Shi, W. D.; Yu, J. B.; Wang, H. S.; Zhang, H. J. J. Am. Chem. Soc. 2006, 128, 16490. 

2. Shi, W. D.; Zhou, L.; Song, S. Y.; Yang, J. H.; Zhang, H. J. Adv. Mater.2008, 20, 1892. 

3. Shi, W. D.; Hughes, R. W.; Denholme, S. J.; Gregory, D. H. CrystEngComm, 2010, 12, 641. (Invited Review 

and Journal Cover).  

4. Shi, W. D.; Huo, L. H.; Wang, H. S.; Zhang, H. J.; Yang, J. H.; Wei, P. H.. Nanotechnology 2006, 17, 2918. 

5. Cao, F.; Shi, W. D.; Zhao, L. J.; Song, S. Y.; Yang, J. H.; Lei, Y. Q.; Zhang H. J. J. Phys. Chem. C 2008, 44, 

17095.
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Compound-Specific Isotope Analysis by High-Temperature Liquid 
Chromatography Coupled to Isotope Ratio Mass Spectrometry 

Lijun Zhang, Dorothea M. Kujawinski, Maik Jochmann, Torsten C. Schmidt 

Instrumental Analytical Chemistry, University Duisburg-Essen 

Universitätsstr. 5, 45141 Essen, Germany 

 

Compound-specific isotope ratio analysis (CSIA) by gas chromatography (GC) or liquid 

chromatography (LC) coupled to isotope ratio mass spectrometry (IRMS) is nowadays one of the 

most innovative methods for tracing and determining compound origin, and adulteration detection.  

Over the last few decades, most applications relied on GC-IRMS measurements, which are 

restricted to isotope analysis of volatile compounds. The newly introduced hyphenation of 

LC-IMRS enables of direct isotope measurement of nonvolatile compounds. However, only 

aqueous solvent without organic buffer can be used for mobile phase in LC-IRMS system, which 

causes the popular reversed-phase LC not suitable for CSIA. This challenge can be overcome by 

using high temperature to water and analytical column. That’s because the polarity and viscosity 

of water at elevated temperature decreased to such an extent that it can replace organic solvent to 

serve as mobile phase for reversed-phase column. In this work, high temperature reversed-phase 

liquid chromatography was coupled to, and for the first time carefully evaluated for, isotope ratio 

mass spectrometry (HT-LC-IRMS) with four different stationary phases. Under isothermal and 

temperature gradient conditions, the column bleed of XBridge C18 (up to 180°C), Acquity C18 (up 

to 200°C), Triart C18 (up to 150°C), and Zirchrom PBD (up to 150°C) had no influence on 

precision and accuracy of �
 13

C measurements demonstrating the suitability of these columns for 

HT-LC-IRMS analysis. Compound-specific isotope analysis by HTLC-IRMS was applied in the 

differentiation of natural and synthetic caffeine in drinks for food adulteration. 



 

 

 

 

Email: wei.xia@techem.rub.de 

Despite the advances in high throughput experimentation in recent years the synthesis of realistic 

catalyst libraries especially gradient catalyst libraries remains as a challenge in material science. 

Recently, we have developed a method for the synthesis of gradient catalyst libraries consisting of 

nanoparticles supported on high surface area porous substrates. Chemical vapor deposition (CVD) 

was employed as a gas-phase method for the synthesis. The method made use of the lateral 

concentration profile of the precursor-loaded carrier gas stream during CVD, resulting in 

concentration profile of the deposits on porous substrates. In this report, high surface area 

materials of both powders (e.g., silica) and bulk composites (e.g., hierarchical carbon structures) 

were successfully employed as substrates for the deposition of single metal or bimetallic catalyst 

libraries. The synthesis was achieved by controlling the flow behavior of the effluent precursor 

stream. The resulting effusion cone led to a radial deposition gradient on the substrate. Different 

from thin film-type model catalyst libraries, the obtained catalysts can be tested under realistic 

reaction conditions. Methanol oxidation was studied as a test reaction using scanning mass 

spectrometry. 

References 

1. W. Xia, B. Mei, M. Muhler, Nanosci. Nanotechnol. Lett. 2 (2010) 1–6. 

2. W. Xia, Y. Wang, V. Hagen, A. Heel, G. Kasper, U. Patil, A. Devi, M. Muhler, Chem. Vap. Deposition 13 

(2007) 37-41. 

3. W. Xia, C. Jin, S. Kundu, M. Muhler, Carbon 47 (2009) 919-922. 

4. W. Xia, V. Hagen, S. Kundu, Y. Wang, C. Somsen, G. Eggeler, G. Sun, G. Grundmeier, M. Stratmann, M. 

Muhler, Adv. Mater. 19 (2007) 3648-3652. 

5. W. Xia, D. Su, A. Birkner, L. Ruppel, Y. Wang, C. Woell, J. Qian, C. Liang, G. Marginean, W. Brandl and 

M. Muhler, Chem. Mater. 17 (2005) 5737-5742. 

6. M. Muhler, W. Xia, German patent 102008031579 (2008); WO/2010/000424. 

7. M. Muhler, W. Xia, German patent 102006007208 (2007); US Patent 7638111B2; WO2007/093582. 



 

Development of thermomorphic biphasic solvent for reducing the 
cost of CO2 post combustion capture 

 

Jiafei Zhang, Robert Misch, David W. Agar 

Technische Universität Dortmund, D-44227 Dortmund, Germany 

Jiafei.zhang@udo.edu 

 
Development of new generation capture technologies for reducing the operating cost of 

amine-based CO2 absorption process is critical for promoting the carbon capture and storage 

strategy. Thermomorphic biphasic solvent (TBS), for example lipophilic amines 

N,N-dimethylcyclohexylamine (DMCA) and N-ethylpiperidine (EPD), exhibits a 

thermal-induced liquid-liquid phase separation behaviour, which intensifies CO2 desorption at 

temperatures well below the boiling point of the aqueous solutions [1]. The novel TBS system 

presented in this work has achieved deep regeneration only at temperatures of 80 °C and thus 

enables using low value heat c. 90 °C for operating expenditure (OPEX) reduction in desorption 

process [2,3]. 

The TBS absorbent performs a homogeneous state at temperature lower than 40 °C and the 

loaded solution converts to two phases with simultaneously CO2 release at approx. 80 °C. The 

bench-scale test in a 1 m height packed absorption column using newly selected absorbent A1 and 

improved regeneration technology with a continuous stirred-tank reactor, replacing stripping 

column in conventional process, has shown potential predominance of using such TBS system for 

reducing the cost of CO2 capture. The net CO2 capacity of the novel 5M A1 absorbent is more 

than 80-130% higher than benchmark 30wt% MEA solution at partial pressures of 50-150 mbar. 

According to the experimental results and thermodynamic calculation, the energy consumption of 

TBS process is only 2.2-2.5 GJ/t-CO2, which is reduced by 35-45% in comparison to conventional 

MEA solution. The excellent performance of TBS absorbent makes it the most promising 

alternative solvent for the 2nd generation post-combustion capture technology and the low-cost 

TBS process demonstrates significant potential for accessing the technical viability in the future 

scale-up study. 

 
References 
 

[1] Agar, D.W.; Tan, Y.H. and Zhang, X., CO2 removal processes by means of absorption using 

thermomorphic biphasic aqueous amine solutions, Patent WO/2008/015217. 

[2] Zhang, J.; Agar, D.W.; Zhang, X. and Geuzebroek, F., CO2 absorption in biphasic solvents with 

enhanced low temperature solvent regeneration. Energy Procedia, 2011, 4: 67-74. 

[3] Zhang, J.; Nwani, O.; Tan, Y. and Agar, D.W., Carbon dioxide absorption into biphasic amine 

solvent with solvent loss reduction, Chem. Eng. Res. Des., 2011, in Press, DOI: 

10.1016/j.cherd.2011.02.005. 



 

Infrared spectroscopy: the principles and applications in chemistry 

Hanchun Wang 

Max-Planck institute for Iron Research, Max-Planck-Str. 1, 40237 Düsseldorf, Germany 

As powerful tools, Infrared (IR) techniques are widely used in daily life, such as data transfer, 

military application such as night vision, as well analysis of medicines, chemicals and materials. 

Infrared is an electromagnetic light which has a wavelength or frequency between visible 

light and microwave. According to the wavelength or frequency, IR is diveded into three regions: 

near-IR (approximately 14000–4000 cm
−1

), mid-IR (4000–400 cm
−1

), far-IR (400–10 cm
−1

). Since 

IR light is located in the same frequency region as the vibration of molecules and thus demonstrate 

stong adsorption at certain frequencies for each type of molecule, IR spectroscopy is widely used 

for the detection in a molecular level. Among the different IR regions, mid-IR is the mostly used 

for the study of the fundamental vibrations of molecules. The collection of IR spectra is mostly 

carried out with the help of Fourier transform infrared (FTIR) spectrometer. 

IR spectroscopy is widely used for the identification of substances or molecules, especially 

organic molecules, due to its sensitive to molecular structure. The region of 1500-500 cm
−1

 is 

recognized as the fingerprint region since each functional group has unique IR-absorbance 

features in this region. IR spectroscopy is also used to study surface-sensitive materials. For 

example, IR is employed in the study of the surface of nanostructured materials using the 

adsorption of small molecules, such as CO, CN
-
, as probing reaction. 

1
 

In this talk, the principles and some applications of IR spectroscopy in chemistry will be 

briefly introduced. Some of the new development of IR techniques, such as space and time 

resolved IR spectroscopy, as well some recent discoveries, such as Surface Enhance IR Absorption 

(SEIRA) and Abnormal Infrared IR Effects (AIREs), will also be touched in this talk. 

1. Wang, H. C.; Sun, S. G.; Yan, J. W.; Yang, H. Z.; Zhou, Z. Y., JPCB, 2005, 109, (10), 4309-4316. 
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