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Smooth switching scheme for the control of CO oxidation

reaction rate in hydrogen production
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2. Pharmaceutical College, Heilongjiang University of Chinese Medicine Institution, Harbin 150040, China)

Abstract; The catalytic CO oxidation on platinum group metals exhibits complex intrinsic nonlinear properties, such as reaction rate

catastrophe , bistability, and hysteresis. These intrinsic nonlinear properties depend on the inherent stability and self-organization mechanism of the

chemical reaction. A corresponding phenomenon is a path-dependent input-output relationship between the CO oxidation reaction rate and the

control parameters. The traditional linear control method for these systems has an inherently unstable mechanism that can give rise to the oscillation

of the chemical reaction rate and the instability of the control system. However, the previous application of ordinary nonlinear switching control faces

a large disturbance at the initial moment of switching, which will affect the dynamic performance and stability of the control system. For this reason,

a smooth switching control method based on the integral initial value reset was proposed. The results show that the proposed method can provide a

smooth switching control of CO oxidation reaction rate, and thus the dynamic performance of the control system is improved.
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Fig.1 Diagram of smooth switching scheme

based on integral initial values resetting
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Fig.2  Variation of the oxidation reaction rate against time

under the strategy of integral initial values resetting
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Fig.3 Variation of the control output against time under

the strategy of integral initial values resetting

D AR, 2T BV B0 (B 1 - T )
IR RE S U A DRR IR AE R GE Vs il e
T 1 PR L L4800 i 5F 20 i BT BRI, A
BRI R EL VI B, R A
S WA A DI RE A ik 2 S A PR AR 1
P, REAE A R 20 Hh A ) 24 2R DA S B ol i )
RRiEaZIEL

4 e

Xt CO AL RE M A AR L AEAT D Bl R 1
PEWRRHEAT TS, B R RO 4642 ] e
TET 1 ) D) 490 s B 221 i EL AT 194 3k K8 9 1)
Pt T — bR TR0 A0) ()P VD s
o PIHE R BoR B 07 15 REAS AR A L fift e



3 )

K7E, 4 i S A — SRR A AL SR

I o A ol P~ U046 05 7

- 105 -

CO AL i
WA I b 4

P i 2k R 04 T DD [ AL, BT
R PEH RGBS TERE .

2 % 3K ( References)

(1]

TRERAL, 20, R, & A SMed bt RS T].
REFE AR, 2009, 27(3) : 287 —290.
XING Chunli, FEI Ying, HAN Jun, et al.
and fuel cell energy system [ ] ].
Technology, 2009, 27(3) ; 287 —290. (in Chinese)
EE, BT, & LR EMEARKRIT].
A, 2010, 28(1): 56 -59.

WANG Jiantao, LI Ke, YU Jing.
production and hydrogen generation[ J].
Technology, 2010, 28(1) : 56 —=59. (in Chinese)

SURIE, EARL, 260, SReE A BT BUR [T ] Y
et A, 2011, 29(3) ; 264 —266.

Hydrogen energy

Energy Conservation

RS

Biological hydrogen

Energy Conservation

JIA Tongguo, WANG Yinshan, LI Zhiwei. The research of
status  of hydrogen energy development [ J ]. Energy
Conservation Technology, 2011, 29 (3 ). 264 - 266. ( in

Chinese)

Zhang X D, Qu Z P, Yu F L, et al.
monoxide oxidation over nanosized Ag catalysts[ J].
Journal of Catalysis, 2013, 34(7) . 1277 — 1290.
Sun J F, Zhang L., Ge C Y, et al. Comparative study on the

Progress in carbon

Chinese

catalytic CO oxidation properties of CuO/CeO2 catalysts
prepared by solid state and wet impregnation [ J]. Chinese
Journal of Catalysis, 2014, 35(8); 1347 —1358.

Hua D Y, Ma Y Q. Hysteresis phenomena in CO catalytic
oxidation system in the presence of inhomogeneities of the
catalyst surface[ J]. Physical Review E, 2002, 66: 066103.
Bir M, Ziilicke C, Eiswirth M, et al. Theoretical modeling of
spatiotemporal self-organization in a surface catalyzed reaction
exhibiting bistable kinetics[ J].
1992, 96 8595 —8604.

Journal of Chemical Physics,

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wehner S, Baumann F, Kiippers J. Kinetic hysteresis in the
CO oxidation reaction on Ir ( 111) surfaces[ J]. Chemical
Physics Letters, 2003, 370(1) . 126 —131.

Liu D J, Evans J] W. Chemical diffusion of CO in mixed
CO +0 adlayers and in CO
oxidation on Pd (100) [ J]. Journal of Chemical Physics,
2006, 125 054709.

Mousa M S, Hammoudeh A, Loboda-Cackovic J, et al. The
CO-oxidation on Pd-rich surfaces of PACu(110) : hysteresis in
reaction rate [ J ].
Chemical, 1995, 96(3) . 271 -276.

Pavlenko N, Evans J] W, Liu D J, et al. Catalytic CO
effect of interfacet CO
diffusion on bifurcation and fluctuation behavior[ J]. Physical
Review E, 2001, 130. 016121.

Karpitschka S, Wehner S, Kiippers J. Reaction hysteresis of
the CO + 0—CO, reaction on palladium(111) [ J]. Journal
of Chemical Physics, 2009, 130(5) . 054706.

Cui T, Tang S L, Zhang L, et al.
predicting the global bifurcation behavior of CO oxidation
Science China Chemistry, 2011, 54 (7).

reaction-front  propagation

Journal of Molecular Catalysis A

oxidation on nanoscale Pt facets:

Swallowtail model for

reactions [ J ].
1072 -1077.
Zhang L, Cao R F, Sheng L. Nonlinear switching control of
the CO oxidation reaction rate in hydrogen production [ J].
Chemistry and Technology of Fuels and Oils, 2019, 55.
652 - 659.

Bao W, Qi Y W, Yu D R, et al. Bumpless switching scheme
design and its application to hypersonic vehicle model [ J].
International Journal of Innovative Computing, Information
and Control, 2012, 8(1B) : 677 —689.

Cao R F, Chang J T, Tang J F, et al. Switching control of
thrust regulation and inlet unstart protection for scramjet
engine based on initial ~ values

strategy  of integral

resetting[ J]. Aerospace Science and Technology, 2015,

45(2): 484 —489.



