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B cmamuve peutenst 3a0auu mooenuposanua npoyecca xemocopoyuu CO> u e2o ananusa
KaK o0veKkma ynpasienus, a makKiyice nPUGOOAMcA PEKOMeHOAYUU RO CUHmMeE3Y CIPYKmMYpbl CU-
cmembl agmomamuueckozo ynpaenenus. Ha ocnose cucmemnozo nooxooa cghopmynuposanst oc-
HOBHblE IMAnbl U 3a0a4u AHATU3A RPOUECCA XeMOCopOUUU KaK o0vekma ynpaenenus. Pewenue
HOCMABIEHHBIX 3A0ay NPUBEOEeHO HA npUMepe RUTOMHOI YCHMAH08KU HACAOOUHO020 abcopobepa, 6
KOMOpom npomeKaem npoyecc OYUCMKU 2a3d OM OUOKCUOA YeNepooda PACHEopom 20paUe2o Ho-
mawa. Pazpadomana mamemamuueckas mooeib 00veKma, npoeedeHo Ucciedo08anue €20 Crnamu-
YeCKUX XapaKkmepucmuk, onpeoeiensl YucleHHble 3HaYeHUA 6X00HbIX NePeMEHHbIX U nepemen-
HbBIX COCMOAHUA 8 cmamuiecKom pexcume. Mamemamuueckas mMooeinb 00beKma nOCMpPOEeHa Uc-
X0051 ux 0onywjeHuil 0 ceKyuonnou cmpykmype aocopoepa. Kayxcoan cekyus npeocmasiena 6
eude AYCHKU UOeaNbHO20 cMelienua no obeum azam. Illpunamo, umo npouecc xemocopoyuu
npomekaem 6 Oughhy3uonHno-KuHemuyecKkoil odaacmu no peakuuu Hceeoo0-nepeozo NOPAOKA.
Ilposeoen ananuz OunamuuecKux XapaKmepucmuk 00veKma nymem pacuema peaxyuu 00vekma
HaQ cmyneHYamoe umeHnenue 6X00HbIX NEPEMEHHBIX. YCMaH061eHo, Um0 00beKm He JIUHeeH o
b6o1buwiunCmaey Ounamuyeckux Kananos. Cunmesupoeana 1uHeapu3o8anHas mMooeib 00vekma 6
npocmpancmee COCMOAHUI, OnpedeneHbl MAMPUUbl coCmoaHus u ynpaeinenus. Ilpoeeoena
OYEHKA YCMOUYUEOCIU CIAYUOHAPHO20 COCMOAHUA, HAOTI00AEMOCHU U YRPAGIAEMOCHU 00D
exkma. /lokazano, umo o0vekm o0b61adaem ce0UCMEOM YCHOUUUBOCHIU CEO0OOOHO20 O0BUNCEHUA.
Jlna ynpaenenus konyenmpayueit CO2 6 6bIX00HOM NOMIOKE 234 NPEOIOHCEHO OZPAHUUUNBCA
pe3yibmamamu uzmeperus moabKo Imoil KOHYeHmpayuu, a OCmaibHvle KOMHOHEHMbL 6eKMOpa
COCIOAHUIL OUEHUBAMb C HOMOUbIO Habawoamena. /lanvl peKomenoayuu no cmpykmype cu-
cmembl A8MOMamuiecKozo ynpasieHus 00beKmom.

KiroueBble ci1oBa: xeMocopOIus, MOTAIIHAS OYUCTKA, CHCTEMHBIH aHalIU3, MOJICTUPOBAHUE, YCTOWYH-
BOCTb, YIIPABIIIEMOCTbh, HAOII0/JaeMOCTh
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In article problems of modeling of carbon dioxide chemisorption process and its analysis
asobject of control are solved. Also, the recommendations on synthesis of automatic control system
structure are provided. Based on system approach the main stages and tasks are formulated for the
analysis of process of carbon dioxide chemisorption by potash solution as object of control. The
solution of objectives is given in the example of nozzle absorber pilot plant. The mathematical
model of the abject is developed, the research of its static and dynamic characteristicsis conducted,
variables of a state values are defined for given inputs. The mathematical model of the object is
constructed on the basis of assumptions about the sectional structure of the absorber. Each section
is presented as an ideal mixing cell for both phases. It is assumed that the chemisorption process
proceeds in the diffusion-kinetic area through a pseudo-first order reaction. It is established that
the object isnot linear on most dynamic channels. The linearized object model in space of statesis
synthesized. Matrixes of a state and control are defined. The assessment of stability of steady state,
observability and controllability of the object iscarried out. It is proved that the object has property
of stability of the free movement. It is controllable in the state of space and is observed when only
carbon dioxide output concentrations measured. Recommendations on automatic control system
structure for the object are offered.

Key words. chemisorption, potash purification, system analysizdeling, stability, controllability, observalbji
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INTRODUCTION The solution of these tasks is necessary in con-
Gas mixes purification from carbon dioxide innection with continuous increase in requirements to

various industries is carried out by carbon dioxilem- duality and efficiency of functioning of the "abborg

isorption process realization, as a rule, in nozalemns, c0lumn-control system” complex need to react fligxib

Use of a chemisorption is caused by insuffit® change of loading on a gas phase and the coneent

ciently high solubility of carbon dioxide in watand tON Of the absorbed component.

leads to increase in driving force of absorptionthe q The Iltelrat_ure ?]nal)éss fc_)r thlsr;[op:jc [1, 2] a_Ik;)W
industry a number of chemosorbent, such as monoelfi-draw a conclusion that, despite rather detaiéstrip-
on of the solution of the first two tasks, nobagh at-

anol amine, diethanol amide, methyldiethanol am'dg, o ) . ;
! I I L I {ﬁntlon is paid to the solution of the third andrfb tasks.

potassium hydroxide, a potassium carbonate, and o o . :
ers is applied [1-4]. Al ong with it, che;mosorptlon!s 'cople>.< mul.tlstagecgn'sss
Integrated approach to design of gases puriﬁi-nd is characterized by multidimensionality, nagdirity

cation technological process and the correspondifigd multiconnectivity [S, 7, 8] that causes comitjeand

control system assumes carrying out the systeny-andf°t tviality of the specified tasks.

sis of chemisorption process as object of confpb[. _ The dynamic mathematical model of chemo-
The following tasks are solved: sorption process in the columned plant generalty re

_ Analysis of technological process as a complé‘?sems system of the differential equations ingte

physical and chemical system and development of t grivatives_[g, 10] that complicates their app.“.mt
mathematical description of object dynamics; or synthesis of control systems. Therefore, tligain

- Development of an algorithm and program foE‘Odel dWiIth FT}e ﬁlistributed par?jmeters s approf:?t
technological process computer modeling; y model with the concentrated parameters in tha fo

- A research of static and dynamic properties & ordinary differgntial equations system [11]. The
model and transfer of results on an initial object; cell-like model which turns out from initial mathatn

- Analysis of steady state stability, observabdibhgd ical r_nodel by sampling of process on spatial cowth
controllability, i.e. system-wide properties ofatject. (101 IS most often used.
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We will assume that dynamics of an object is To investigate the controllability of an object
described by model: in a space of states the rank of controllabilitytnmas
o _ F(x.0) defined [9]:
ar © v =[BiABIA’Bi..; A B). (3)
y=CILx, If the matrix (3) has a full rank, then an object

where X,U n-dimention vector of state and r-dimentorhas property of full controllability. For cases whe
vector of control,y m-dimensional vector of output there is an opportunity to organize various optiohs
variablesC — (mxn) measurements matrik(jl— non- control vectors, it is necessary to carry out &ess-
linear functions and — current time ment of the object controllability for various optis of

Th vsis of tem-wid " ; a matrix B in (2).
€ analysis of system-wide properties ot an In practice, it is impossible to organize a com-

object with use of mathematical model in the forim o lete measurement of a state vector: an imporiskt t
(1) it is almost complicated [12]. Therefore foe tho- b ' b

lution of real tasks the equations, linearized he t is the research of the object observability. Areob{2)

. ; _ ~ has property of full observability if the obserdibi
neighborhood of model’s stead st{azﬁs o are used: ) . Lo
g y state) H=[cTiATCTIATY2CT L H(AT) ] (a)

&K _ o
ar Ax+BU (2) has a full rank [9]. The structure of a matrix @.i
9T_ X structure and quantity of the measured variabkesid

provide a possibility to create the observer iredag
where A= {af,} i.j=1n state matrix,g = {af.} is impossible to measure full state vector.
ox; Ou, MATHEMATICAL MODEL DEVELOPMENT

]

i=1n, k=11 control matrix;g =x -x°; G =u, -u°. Object of control is the absorbing column con-
The control system consisting of an object angjsting of three sections and filled with ceramisRig
the actuation device can be efficient only in cas® rings (Fig. 1). From above there are columns, itiee
movements of system fade, i.e. the free movement pf fresh absorbent — potash solution get in. The
this system is steady. Information on object S8 armed-up to 100 °C, gas mix moves columns down —
a necessary for the algorithmic and parametricat syi;, section 3.
thesis of a control system.
According to the first method of Lyapunov L Yo L X L X L Xo
[13], the studied object has property of stabilifthe  fresh ansorsent —sectonF>Jsecton|Jsecton > Used absorent
free movement if roots of the characteristic equmati  purifiedgas «—| ' le—r 2 le—| 3 |e— Gasforpurification
det@il-A) = 0, i.e. own numbers of a state matrixiA i X o X4 Gs X Gox Xrox
i = ﬁ have negative real-valued parts. Fig. 1. The streams scheme in the partitioned &lesor

Proceeding from results of the object stability Puc. 1. Cxema notoxos cerationtioro abeopbepa
research, the task formulation for control systgm s
thesis can be changed: in the case of steady dbgct
paramount task is to ensure the required qualicpof

In Fig.1 ».x andxssx — concentration of a po-
tassium carbonate and potassium hydrocarbonate in a
.entrance stream of a chemisorbentxy, Xs — concen-
Yation of potassium carbonate at output chemistrbe
stream from 1, 2 and 3 sections, respectivelyxs Xo
— concentration of potassium hydrocarbonate at the
%L';tput of chemisorbent stream from 1, 2 and 3 cesti
respectively, L — chemisorbent flow rate, & input
gas flow rate, %x — carbon dioxide concentration at the
input gas stream, £3G,, G1 — output gas flow rate from
3, 2u 1 sections, respectively;,xu, X1 — carbon diox-
ide concentration at output of gas stream froma&h@

time, with static and dynamic accuracy; in the cafse
unstable object problem definition for a contrattgyn
synthesis comes down to ensure stability of theegys
free movement, and then to provide preset values
control processes quality indicators.

The necessary condition for realization of th
object control system is controllability propertfytbe
object in a space of states. As not all classemolin-
ear objects allow receiving conditions of their ttol .
lability [12], in real tasks property of controliéty is L CellS respectively. _
estimated by the analysis of the model (2) lineatin For the mathematical model development the
the neighborhood of a working point. At the sameei assumptions are usgd that 'each section of an @&vsorb
the assumption is used that if the linearized misdep- ePresents a cell of ideal mixture on both phases,
erated, then we operate also an initial nonlinegga. ~ Proceeding from chemisorption kinetics [14, 15k th
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process proceeds in diffusive and kinetic areaea+ input flow rate of liquid absorbent — output vatiet
tion of the pseudo-first order. The mathematicatielo and input gas pressure — output variables.
consists of the equations of material balancefeiatb-

sorbed substance in a gas phase and the equation %012

material balance for potassium carbonate and pot: ggég

sium hydrocarbonate in a liquid phase for each ce£ 06

The model describing dynamics of the top cell & th_g 0,004

absorber at isothermal conditions is given below: 7 0002

2 0,000 . . . : . )
dixl :G'27X4 - (& +B) X + Alé 0,0001 0,0002 0,0003 0,0004 0,0005 0,0006 0,0007
dr Ve V¢ X, L, m3/min

' ' 2 Fig. 2.Steady state characteristics on chahrel

d -

7)(2 =L (Xz X2vx) -B D(l + Az X73 (5) Puc. 2.IlapameTpbl yCTOHYNBOTO COCTOSTHHS 110 KaHATY L—X1

dr V,0 2 X,

0,0058 -
dX3 (X3 - X3vx) ljg )
—=L——=+2[B, X -2[A, , & 0,0056 - 2o eememmo=——-
dr V0 X, S 00054 { 7~
. z ’

whereV; — cell volumeg — free volume share;— lig- B 00052 -

uid holding ability,41, 42, B1, B> — the constant coeffi- :;5 0'0050 %\

cients determined by a Henry's constant, reactadn b ' .

ance constant, reaction rate constant and massdran 00048 *—V——7—————7

e .. 01 2 3 45 6 7 8 9 10
coefficient for a gas and liquid phases and alsa¢h T. min

gime parameters of teChn_Olog'CaI process. . Fig. 3. Dynamic characteristics of an object ondhannel —xy;

The full mathematical model of an object rep- 1 — at positive impact, 2 — at negative impact
resents 9 equations of system describing dynanfics oPuc. 3. Junamuueckue xapakTepucTHKH 00BEKTA 110 KaHAIY
all three cells. L—X1; 1 —1py HOJIOXKUTEIBHOM BO3ICHCTBHH, 2 —IIPH OTPHIIA-

TEJIbHO BO3ECICTBUU
STEADY STATE AND DYNAMIC
CHARACTERISITCS ANALYSIS OBJECT SYSTEM-WIDE PROPERTIES ANALYSIS

For a research of static and dynamic properties h The ngttin}porta;ntltgskta':ja_chgrosz;zt[ii%n re-
the modeling was held with Matlab Simulink of a lpac search as object of control IS studying ItS Sysk
age at the following technological, physical, cheahi properties — stability of steady state, controligband

and kinetic parameters: absorber diameter — d5201Q) observability. . -
l;=1.66 m,4=0.96 m,4=1.10 m — nozzle layer height . Proceedm_g fro_m the purpose of funct|on|n_g of
in cells 1. 2 and 3 réspectivelg/: 07.6=0.1 L= anobjectthe main objective of a control systetinés

=0.00041 rAIMiN, Y = 1.53 MO/, Xaue = 0.77 kmol/rR, stabilization of carbon dioxide concentration incart-
G.. = 0.0086 ng/mmx % ' -0.033 kmoT/rﬁ épecific syr- Putof gas stream in the conditions of action sfufib-

face of phases contact-= 440 n¥/m?, diffusion coef- 21CES: As the control influence the input chemasatrb

ficient = 2.2-16 m#min, mass transfer coefficient in aﬂOW rate has_ bee_zn chosen: U = L. . .
gas phase & 0.000033 kmol/fmin- kPa, mass trans- Considering that the operated variable is out-

fer coefficient in the liquid phase, K 0.003m/min, gas put co_ncen_tration of carbon dioxio!e ir.' a gas straam
pressure P = 1080 kPa. the exit of first cell, and the operating influermneves

85' an entrance of the first cell, it is expedieninves-

Steady-state and and dynamic Chara(:terls'tltlgate system-wide properties of an object by medins

of an object for the following channels are consied: .
inputs—concentration of carbon dioxide at an outplﬁnc’deI of the. flrsf[ cell. , .
of gas stream, inputsconcentration of a carbonate of Passing in system of the equations (5) to vari-
potassium and hydrocarbonate of potassium at an oables incrementst, =x —x°, i =13, G=u-u°,

put stream of a chemisorbent. _ get the linearized object model (2).
In Fig. 2 and 3 the example of static and dy- State matrixA and roots of the characteristic

namic characteristics are preseritedx; _equation def{l-A) = 0 have the following values:
Taking in consideration the static characteris- _ gg32 —0.005627 0.0123 -8.9923

tics mode _and comparison of object reactiontotp@si , _| _ 4013 _1203 008781 A =| ~11632
and negative step impacts, the conclusion can loke ma
that an object is not linear on channels: inputceon 8026 007977 -1339 : -12186
tration of a carbonate of potassium — output véemb
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As all own numbers are negative and various, It is established that the matrix has a full rank
the studied object has property of stability of free  rank(V) = 3, that says that an object is characterized by
movement. property of full controllability.

The research of observability property allows CONCLUSION
to formulate a task for development of the systédm o
measurement proceeding from tasks for automatie con In the article the research of nozzle absorber
trol system. In case of impossibility of all cordit pa-  pilot plant, in which purification process of gasrh
rameters measurement realization, the structuréhand carbon dioxide is realized with solution of hot qsit
number of the measured parameters of a state bavé$ object of control, modeling of an object ancea r
provide a possibility of observer creation. search of its properties is carried out.

The following options of practical measuring It is established that the free movement of an
system realization have been evaluated: object in the neighborhood of a working point is as

- all condition variablesixx., xs are measured, ymptotically steady that confirms property of steai-
- only x;, X, are measured, bility of an object. Main results of the researdhob-

- only X, X3 are measured, ject system-wide properties, and its static anchdyin
- only x is measured. characteristics allow to state possible optionprob-

The observability matrix (4) analysis showdem definition for automatic control system design.
that the matrix has a full ramank(H) = 3in all cases. Todesignthecarbondioxidecontrolsystem-
This means that the object is fully observed ifedént  inoutgasflowwiththeliquidflowasacontrolparameter
cases of the state parameters measurements. U=L the measuring of pwill be enough other compo-

For the controllability evaluation, the control-nents of state vector can be evaluated with therebs
lability matrix has been designed. The task isrta-a The control algorithm and method of paramet-
lyze the controllability during the stabilizatiof car-  rical synthesis should be chosen taking into actthen
bon dioxide concentration system development wifi@ct that an object is nonlinear on most dynamineh
chemisorbent flow rate as a control parameterL.  nels. One of ways to solve this problem is the iappl

0 -12.923 131.954 tion of methods of the synergetic control theor§][1
V=| 425 -585.913 1.32610°
-850 1.17210° -2.65310°
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