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AHHoTanus. llespio TaHHOM PaboThI SIBSETCS NpeIoKeHHe KOHPUTYpaLluK 37IeMeHTOB MOZIe/Ik XHMHUYeCKOro
peakTopa becIIpepbIBHOIO IeHCTBH ST, KOTOPBIF COOTBETCTBOBAJI 6bI KPUTEPUSIM HI€aTbHOCTH PAabOThI XUMHYECKHX
peaxTopoB. bblia pefijioskeHa MeTOAMKa /I/I MOJIe/INPOBAHMSI XMMHYeCKOro peakTopa. CeMHIIAaroBas MeTOAUKA
ITPOeKTUPOBAHMUS PeaKTOPOB I103BOJISIET 10 3apaHee BBIYMCIeHHBIM [1IapaMeTpaM o6 paTh MaTepHalbl /s peak-
TOpa, IPOBOAUTH ITPeABAPUTE/IbHBIN 133 H PeaKTopa C He0OXOAUMBIMU MacCOrabapUTHBIMU XapaKTePUCTUKAMHU.
9T0 1710 BO3MOYKHOCTb HAM ITPe/IJIOKUTh KOHUTYPALIHIO 37IeMEHTOB JIJ151 MHOT'O CTaIMFTHOT0 XMMUYeCKOro peaKTopa
1151 6eCIIpephIBHOTO CMEIIMBaHHU S SKUKOCTe . bblila ITpeioskeHa KOHQUTypaLlsl 6-CTaAUFHOTO peakTopa, B KOTO-
POM Ka’k[as CTaiusl ITPeICTaB/sieT COOO0k M30IMPOBaHHBIM 06beM IepeMellBaHM . [lepeMenIrBaHHe JOCTUTaeTCs
3a cyeT KosiebaTeTbHOr0 3/IeMeHTa B BH/Ie OCHOBAHUSI peaKTopa. O6beMbl ITepeMellIBaHM I COCTaB/IeHbl TAKKUM 06pa-
30M, YTO KaskAbI 06beM paBHseTCcs 171. Bce 6 06beMOB CBSI3aHBI MeK/Ay COOOM MOC/Ie[0BaTeIbHO, YTO JOCTUIAETCS
3a cueT IPaBUJIBHOIO AM3akHa Kphlllek 06beMa IepeMeIlBaHU . TakoKe ellle IIpeyCMOTPeHHBIM 3/IeMeHTOM KOH-
duUrypanyy peakTopa sIBIsIeTCs CCTeMa MOHUTOPUHTA 32 TeMIIePAaTyPHBIM PesKMMOM BHYTPH 06beMa IIepeMelly-
BaHMS peakTopa. TaKast KOHCTPYKIIKSI [I03BOJIUT MOJTYYKTh MHOTOQYHKIIMOHATbHBIF XMMHUUECKHUE PeaKTop 115 bec-
IIPepbIBHOIO CMENIMBAHHU S SKU/IKOCTEH C ITPOU3BOAHTEIBHOCTBIO 10 6 JT 33 OAMH LIUK/I PabOTBHI.
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Abstract. The purpose of this work was to propose a configuration of the elements of a model of a continuous
chemical reactor that would meet the criteria for the ideality of the operation of chemical reactors. A technique
has been proposed for modeling a chemical reactor. The 7-step method for designing reactors makes it possible to
select materials for the reactor according to pre-calculated parameters, and makes it possible to carry out a pre-
liminary design of the reactor with the necessary weight and size characteristics. This allowed us to propose the
configuration of elements for a multi-stage chemical reactor for continuous mixing of liquids. A six stage reac-
tor configuration has been proposed. In which each stage is an isolated mixing volume. Mixing is achieved by
means of an oscillatory element in the form of the base of the reactor. Mixing volumes are designed in such a way
that each volume equals 1 liter. All six volumes are interconnected in series, which is achieved due to the correct
design of the covers of the mixing volume. One more configuration element of the reactor proposed is a system
for monitoring the temperature regime inside the reactor mixing volume. A design like this will allow the con-
struction of a multifunctional chemical reactor for continuous liquid mixing with an output capacity of 6 liters
per a working cycle.

Keywords: chemical reactor, reactor design, continuous mixing, element configuration, reactor base, carbon
fiber, thermosensor
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BBEAEHUE

Poccus B 2022 rony okasaaach B 6ecnpeueHL:eHTHb1x
CAaHKIIMOHHBIX yCcI0BUAX. Oco6eHHO 0CTpO BCTal
BOIIPOC 06 0TeUeCTBEeHHBIX IPOMBIIIJIEHHBIX X XHUMH-
YeCKUX TeXHOJIOTHsX. Pa3paboTKa HOBBIX METOZOB
CO3aHHUS XUMHUYeCKHUX TeXHOIOT I, a TAK>Ke IIPOU3-
BOJCTBO AIIapaToB A/l XUMHUUYeCKHUX TeXHOJIOI UK
SIBJISIFOTCSI Haubosiee BasKHBIMHU 3aJa4aMU Hay4YHO-
IIPOMBIIIJIEHHOTO0 KOMIIJIeKCa. OGHUMH M3 CaMbIX
BOCTpebOOBAHHBIX AIIIIAPATOB Ha IIPAaKTUYeCKH BCeX
IIPOMBIIUJIEHHBIX PeAIIPUATHAX ABISIOTCI XUMHU-
YeCKHe PeaKTOPHL.

MOJAENNPOBAHUE XUMUYECKNX PEAKTOPOB
CTpaTerus co3sgaHus XUMUYECKHUX PeaKTOPOB 10380~
JTUT UHAUBUYA/IbHO, B 3aBUCUMOCTH OT He0OX0 1~
MO QYHKIIMOHAIBHOCTH, Pa3paboTaTh U NPOEKTH-
poBaTh XMMHUYECKHE PEAKTOPhI Ha Pa3HBIX YPOBHAX
KOMIIJIEKCHOCTH ¥ KOHQUTYpallHH.

XHUMHUYeCKHUI pPeaKTop ~ 3TO KOHCTPYKIIUSI, KOTO-
pasi U301HUpyeT B3aUMOAEHUCTBYIOIHEe XUMUYeCKHe
PeaKTHUBEL OT BHEIIHEH CPefibl U II03BOISeT 106aBISITh
WJIM TIOIVIONIATh BhIpabaTeiBaeMy0 BHYTPH peakTopa
3Hepruio. TeXHOJIOTHIO CO3aHHU S PeaKTOPOB pa3pabo-
TaJIK JJI51 UCC/IeJIOBAaHUM NH>KeHepUH XUMHUYeCKUX
peaxuu (MXP) [1].

[l OIMCaHHUS U OLleHKH paboThl XMMUYECKOIo
PeaxTopa MCIOJIB3YIOT ABa THIIA UEA/IbHBIX peak-
TOPOB: PeaKTOp HJealbHOro BhTecHeHUS (PHB),
a TaK>ke HJlea/lbHBIN PeaKTOp OecrpepbIBHOIO Aek-
cTBUSA ¢ Memnankon (UPBIM) [2, 3].

B OCHOBHOM IOTOK B TpybuaThIX peakTo-
pax HampaBjeH B OQHO HM3MepeHHe, NOMYCTHUM,

INTRODUCTION

Russia finds itself in an unprecedented sanctions envi-
ronment in 2022. The issue of domestic industrial and
chemical technologies has become particularly acute.
The development of new methods for developing chem-
ical technologies as well as production of appara-
tuses for chemical technologies are the most impor-
tant tasks of the scientific and industrial complex.
One of the most sought-after apparatuses in almost
all industrial enterprises are chemical reactors.

MODELLING OF CHEMICAL REACTORS

The development of chemical reactor strategy will
allow to design these devices individually, depend-
ing on the required functionality, at different levels
of complexity and configuration.

A chemical reactor is a structure that isolates
interacting chemicals from the outside environ-
ment and allows energy generated inside the reac-
tor to be added or absorbed. The reactor technology
was developed for Chemical Reaction Engineering
(CRI) research [1].

Two types of ideal reactors are used to describe
and evaluate performance of a chemical reactor:
the Ideal Displacement Reactor (IDR) and the Ideal
Stirred Continuous Reactor (ICDR) [2, 3].

Basically, a flow in tube reactors is directed in
one dimension, let’s say in the z direction. Then
the main gradients (flow velocity, pressure, convec-
tion) will also be pointed in this direction. If con-
vective transport completely dominates over dif-
fusive transport, then diffusive transport can be
ignored. Derivation of the equations resulting from
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B HaIlpaBJIeHHUH z. Torza OCHOBHBIE IPafHeHTHI (CKO-
pPOCTH IIOTOKA, JaBJIeHHe, KOHBEKIIHS) Toke OyayT
HaIlpaBJIeHBl B 3Ty CTOPOHY. EC/IM KOHBeKTHUBHBIN
[IepeHOC IIOJIHOCThIO JOMHUHUPYET Hal NUPY3HOH-
HBIM, TO AUPOY3HOHHYIO TPAHCIIOPTUPOBKY MOKHO
HUrHOpPHPOoBaTh. CocTaB/leHHE YPaBHEHUH, IOy YHB-
IIMXCSI B pe3yjbTaTe TaKOro MPeJIIOIOKeHU I, U UX
pellleHHe IMTPUBEJIO K Co3MaHUI0 Mogenu PUB. B ciy-
Yae eC/IM OAHOPOJHOCTH KOHIEHTPAllUU U TeMIIe-
PaTypHl, BCIeACTBHE HAJTUYUS O0IBIHX KO3QOUIIH-
eHTOB AUCIIePCHU (TO eCTh CpeJHUMH KBaJpaTaMH
OTKJIOHEHH M), MOKHO IIOJTHOCTBIO IIpeHebpeus rpa-
JUeHTaMH BO BCeX HaIllpaBJIeHUSIX U UHTeTPUPOBATh
BCe ypaBHeHHS I7106aIBHO 110 BCeM HaIlpaBlIeHHUSIM
(mpenronarasi KOHBeKTHBHBIE IIOTOKH y IPAaHHUILL), TO
rosy4yaetcs mogens MPBJIM.

HpeanusupoBaHHBIe MOJEIU PeaKTOPOB JAOT
Xopollee IpeAcTaBJeHHe IIPOUCXOASAINEero BHY-
TpH peakTopa IIPHU YCJIIOBHH, YTO B peaKTOpe HeT
HeIlpeayCMOTPeHHBIX PeakKTHBOB. JTO I103BOJISET
OLleHUBAaTh 3G GEKTUBHOCTH PAbOTHI TOTO MU UHOTO
peaxkTopa Ha OCHOBe OllpeleIeHHBIX KPUTEpPHUeB.
TakMMU KPUTEPUSIMU MOT'YT OBITH, HAIIPHMEP, CPaB-
HeHMe IIPOU3BOAUTEIbHOCTH U CJIOKHOCTH YIIPaB-
neHusi. KOHeYHO, MCIIOb30BaHHe Uea M3 POBaH-
HBIX PeaKTOPOB He IIPAaKTHUYHO, TAK KaK CTOST TaKHe
TeXHOJIOTHH JJOPOT0, U II03TOMY B IIPOMBILIJIEHHOCTHU
cervac B OCHOBHOM MCIIO/b3YIOT M/IH YIIPOILeHHbIe
XHUMHUYECKHe PeaKTOPhI, U/IH YCpeLHeHHbIe MOAUU-
LIUPOBAaHHBIE KOIIUMU HIea/IbHbIX PeaKTOPOB:

v ¥’

rae Fg = p,V,A/Myy (Mo/c). 9Ta CBSI3b Ha3bIBaeTCs
MOJIe/IBI0 peaKTOpa HIealbHOTO BBITECHEHUS [4].
B 3ToM popmysie My, MoJIeKyasIpHAsl Macca IIOTOKa
y BHEIIHUX T'PaHHUL TPYOKHU; py — IJIOTHOCTh CMECH
BHYTPH PeaKTopa; A - IIJIOMAAb [IOIIePeYHOr0 ceve-
HUS; Vg - CPe[JHSIS CKOPOCTb IIOTOKA CMecH; F, - cuia,
OeNCTBYIOMAsl Ha YaCTHULBI CMeCH [JISl CO3MaHHUS
[I0TOKA; Iy - CKOPOCTb PeaKI[HH.

YpaBHeHHUe (2) Ha3bIBaeTCS MOJ/IbI0 U/IeaIbHOr 0
peakTopa 6ecrnpepbIBHOrO JEHCTBHUS C MeIlaTKOM
(UPBIIM):

oy

38 | out ~ Fs | in=RJY, )

rae Fy | o — 9TO CHJIA MepeMeNIUBAaHUS, AeHCTBY-
IoIasi Ha YacTHULBl CMeCH IIPH BBIXOZE M3 peak-
topa; F, | ;, - CHMJIa IlepeMeIIUBAHUS, JeHCTBYIO-
masi Ha YaCTHIBl CMeCH IIPU BXOJe B PeaKkTop;
R, - 3TO 3Heprus, 3aTpadeHHas Ha IlepeMellHBa-
HUe; V - 06beM peakTopa [5].

[IpoeKTUPOBAaHHEe XHUMHYECKOTO0 peaKTopa
0OBIYHO NIPOU3BOASAT HAa OCHOBE KOHKPETHOM
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this assumption and their solution led to the devel-
opment of the RIV model. In the case of homoge-
neous concentration and temperature due to large
dispersion coefficients (i.e. mean squares of devi-
ations) one can completely neglect gradients in all
directions and integrate all equations globally in all
directions (assuming convective flows at boundar-
ies), then the RIF model is obtained.

Idealised reactor models give a good represen-
tation of what is going on inside the reactor, pro-
vided there are no unintended reactants in the reac-
tor. This makes it possible to assess the performance
of a reactor based on certain criteria. Such criteria
could be, for example, a comparison of performance
and control complexity. Of course, the use of ide-
alised reactors is not practical, as such technology
is expensive and, therefore, the industry mainly
uses either simplified chemical reactors or averaged
modified copies of ideal reactors:

% =1,. (1)

This relationship is called the ideal displacement
reactor model [4]. In this formula My is the molec-
ular mass of the flow at the outer boundaries of the
tube, p, is the density of the mixture inside the
reactor, A is the cross sectional area, V; is the aver-
age mixture flow rate, F, is the force acting on the
mixture particles to create the flow, r is the reac-
tion rate.

Equation (2) is called the ideal continuous stirred
reactor model (IFRM):

Fs | out 1:‘s | in~ Rsv’ )
where F, | ., is mixing force on the mixture parti-
cles when leaving the reactor, F, | ;, in is the mixing
force acting on the mixture particles when enter-
ing the reactor, Ry is the energy expended on mix-
ing and V is the reactor volume [5].

The design of a chemical reactor is usually done
on the basis of a specific task - to handle cer-
tain reagents and to achieve a specific end goal.
According to Tavler and Sinnolt, the modelling of
a reactor must be based on the chemical processes
that will take place inside the reactor. This has a
major impact on the final cost and complexity of
controlling the reactor parts [6].

We propose a seven-step methodology for the
design of chemical reactors:

the first step is to collect data regarding the
chemical processes for which a given reactor will
be produced, such as reaction enthalpy, phase equi-
librium constants, mass and heat transfer coeffi-
cients, and reaction rate constants;
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3aavyu - Aj1st paboTl C onpereleHHBIMU PeakTH-
BaMHU U IS AOCTHUKeHUS ONlpeJieIeHHOU KOHEeUHOU
menu. CornacHo Tapnepy v CHHHOITY, MOL@/IHPOBa-
HUe peaKTopa AOKHO IIPOUCXOLUTH B 3aBUCHUMOCTHU
0T XUMHUYeCKUX IIPOLIecCOB, KOTOphle 6ynyT mpoTe-
KaTb BHYTPH peaKTopa. ITO KMeeT O0/IblIoe BIUSIHHe
Ha KOHEYHYI0 ce6eCTOMMOCTD U CJIOKHOCTD yIIpaBiIe-
HUS 4acTIMU peakTopa [6].

MBI Ipefj1araeM IIpoBeCcTH MeTOLUKY IIPOeKTHUPO-
BaHMS XUMHYECKUX PeaKTOPOB, COCTOSIIYIO U3 CEMU
IIaTO0B:

MePBbIH War - cOop JAaHHBIX OTHOCUTEIBHO XHUMH-
YeCKHX IIPOLEeCCOB, OISl KOTOPBIX OymeT mpous-
BOJUTHLCS NAHHBIM PeakTop, TakKHUX KaK 3HTAIb-
MIKS peaKIIMM, KOHCTAHTH $a3oBOro paBHOBECHUS,
K03 PUIIMEeHTHI IlepeHoCca MAcChl U TeIlna, a TakKe
[IOCTOSIHHBIE CKOPOCTH peaKkIUi;

BTOPOM HIar - BEIOOp HaYaIPHBIX YCIOBHUI peak-
LUH Ipu paboTe peakTopa. PaccMaTpuBalOTCs TaKHe
YCJIOBH S, KaK THUII PeaKIIMH, UCII0b30BaHHe KaTalu-
3aTOPOB, TeMIIEPATYPHBIM NHAIIa30H PaboThl peak-
TOpa, laBJIeHHe BHYTPU peaKTopa U pacTBOPUTEIH;

TPEeTHH War - 11og60p MaTepHaioB KOHCTPYKIIUH
XMMHYeCcKOro peakTopa B 3aBUCHUMOCTH OT ITPUBeIeH-
HBIX BBIIIIe HA9aJIbHBIX YCIOBUI PabOThI peakTopa;

YeTBePTHIH HIAT - OlTpefie/leHHe KPUTUYeCKOMH CKO-
POCTH peaKkI]Mi U ITapaMeTPOB KPUTUUECKUX pa3Me-
POB peakTopa;

NATBHIN HIar - NpeABapHUTelbHOe OIpefese-
HUe rabapuTos, pa3MemleHHs Y37I0B U CTOUMOCTH
peaxkTopa;

IIeCTOH mIar - 3KCIepUMeHTalbHas IIPOBepka
paboTel peakTopa;

ceIbMOH IIAr - ONTHMH3ALHUS U JopaboTKa peak-
TOpa Ha OCHOBe ITOJIyYeHHBIX JAaHHBIX Ha IIPOTSIKe-
HUU BCeX IIpeAblAYLIIUX [IeCcTH I1aros.

Tak>ke OLHUM H3 Ba>XXHBIX aCIIeKTOB MOJAEIHUPO-
BaHHUS sBAseTcsl be3omacHOCTh peakTopa. OnHa
M3 OCHOBHBIX IIpobieM 6e30IaCHOCTH — BO3MOX-
HOCTb TeMIIePaTyPHOM LIeIIHOM peaKLIMU B peaKkTope.
Hamnpumep, ecid CUCTeMa OXJIakX[JeHHUS He CIIpaB-
JIsIeTCs C BO3pacTalolell TeMIIepaTypou 3K30TepMHU-
YeCcKHMX peaKkI UM, a POCT TeMIlepaTypbl YBeIHUUHU-
BaeT CKOPOCTb IIPOTeKaHM S peaKkIlMHU, TO Co3JaeTCs
3aMKHYTBIF KPYT — OTpHLIATelbHAsI 0OOpaTHasI CBS3b.
9T0 MOXXeT IPHUBECTH K HEKOHTPOIHUPYEeMOMY, J1aBU-
HOOOpa3HOMY pPOCTY TeMIIepaTyphl B peakTope,
YTO MOKET OBITH OITACHO M MPUBECTH K JIETATBHBIM
IoC/aeACTBUAM [7, 8].

CaMoO¥ 4acTOM NPUYMHOMN MMOLOOHBIX LIeIIHBIX
PeaKkL UM SBIsIeTCA HelIPaBU/IbHOE COOTHOIIeHHE BBO-
OUMBIX PeaKTHBOB, IIJIOXOW KOHTPOJIb TeMIIepaTyp-
HOT'O pe’KMMa HU/IN CUCTeMBI HarpeBa U OXJIaKIeHH .

Cnenysq MeToOHKe IPOEKTUPOBAHHUS PeaKTOPOB,
6112 IpopaboTaHa KOHPUIYPALIMS COCTABISIOMIMX

the second step is to select the initial reaction
conditions for reactor operation. Conditions such as
type of reaction, use of catalysts, temperature range
of reactor operation, pressure inside the reactor and
solvents are considered;

the third step is to select the chemical reactor con-
struction materials depending on the above men-
tioned initial conditions of reactor operation;

the fourth step is to determine the critical reaction
rate and critical reactor size parameters;

the fifth step is preliminary determination of the
reactor’s dimensions, component layout and cost;

sixth step - experimental verification of reactor
operation;

seventh step - optimisation and refinement of the
reactor based on the data obtained throughout the pre-
vious six steps.

Also, one of the important aspects of modelling is
reactor safety. One of the main safety concerns is pos-
sibility of a thermal chain reaction inside the reactor.
For example, if the cooling system cannot cope with
increasing temperature of exothermic reactions, and
temperature rise increases the reaction rate, a vicious
cycle of negative feedback is created. This can lead to
an uncontrolled, avalanche-like temperature increase
in the reactor, which can be dangerous and lead to
fatal consequences [7, 8].

The most common cause of such chain reactions is
an incorrect ratio of reagents, poor temperature con-
trol or heating and cooling system.

Following the reactor design methodology, a compo-
nent configuration for an integrated RIV and IRBDM
model for continuous fluid mixing was developed. The
model is to be a flow-through six-stage reactor where
the main mixing element is the reactor base instead
of the agitator. This should allow a high degree of dis-
placement to be maintained while maintaining a
high degree of mixing in the reactor [9, 10].

The control system of the sample multistage contin-
uously mixing reactor should allow continuous mix-
ing of liquid chemical reagents in 6 cylindrical vol-
umes of the reactor at once, while allowing the unin-
terrupted introduction of additional reagents during
mixing in progress and allowing the heating of some
reactor tubes and cooling of others. The first four tubes
should be provided with a tubular heating system and
the last two should be provided with a cooling sys-
tem. Each mixing volume is connected to the next by
means of flexible hydrocarbon fibre tubing.

The mixing of reagents must be ensured, in other
words, even when a new reagent is added to the liquid
mixture in the reactor, the mixing process must be
continued if necessary. For this purpose, the reactor
is configured with a reagent tap system in the reac-
tor tube. Two taps are placed at the end of each tube,
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IIs1 UHTeTpUPOBaHHON Mogenu PUB u UPEIM
nsi 6ecripepblBHOTO CMEIIMBAHUS KHIKOCTEH.
Mopgens I0JKHA IPeACTABASITh CO60M IPOTOUHBIH
IIeCTHU-CTAJUHHBIN PeakTop, Iie OCHOBHBIM 37IeMeH-
TOM CMeIIMBAaHHUS BBICTyIIaeT OCHOBAHHE PeaKTopa
BMECTO MeNIaJKH. DTO JOJIKHO II03BOJHTH COXpa-
HUTb BBICOKYIO CTeIIeHb BRITECHEHHSI, COXPAHSIS IIPH
3TOM BBICOKYIO CTeIIeHb ITIepeMelINBAHUS B PeaKTope
[9, 10].

CucTeMa yrpaieHHUs 06pasija MHOTOCTAHEHOTO
peakTopa s 6ecIIpepbIBHOTO CMEIIMBAHHUS KU/
KOCTeH 0oJIKHA 06ecIIeduTh HeIlpephIBHYIO paboTy
[0 CMENIMBAHUIO SKUAKHUX XUMHUYECKUX PeaKTH-
BOB Cpa3y B IIeCTH LIHUTHHAPHUUECKUX 06beMax peak-
TOpa, O HOBPEeMeHHO I103B0/1ss1 becriepe60HO BBO-
OUTH NOIOJHHUTEIbHbEIE PeaKTHUBB BO BpeMs Iepe-
MeIIHBAaHHUS B IIporiecce paboTsl, a TAKKe II03BOTISATh
HarpeBaTh OAHH TPYOKH peaKTOpa U OXJIaKAATh APY-
rue. IlepBble YeTbIpe TPyOKHU MOIKHEL OBITh CHAOKEHBI
Tpyb4uaToi CHCTeMON Harpesa, a IIOC/IeJHHUE JIBe —
CHCTeMOH OX/TakAeHHUs. KakIbIk 06beM IepeMenIu-
BaHHUS COeIMHEH C IOC/IeAYIIHUM C IIOMOIIbIO TH6-
KOU TPYOKH U3 YITIeBOLOPOHOIO BOJIOKHA.

JlomkHa 66T 0b6ecredyeHa becriepe6OMHOCTD IIPO-
Ilecca ImepeMeNIMBaHUS PeakKTHBOB, JPYTHUMH CJIO-
BaMH, Ja’ke Korja 00aBasieTCsI HOBBIM PeaKTHUB
B JKHU/IKYIO CMeCh B PeaKTope, ITPOIeCcC ImepeMeIH-
BaHUS IIPU HEO0OXOAUMOCTH JI0JIKeH OBITH IIPOOJI-
sKeH. I 9TOT0 B KOHQUTYpALIMK peakTopa IPoay-
MaHa KpaHoOBas CHCTeMa 3aJIMBa PeakKTHUBOB B TPYOKY
peakTopa. Ha KoHIle Kak0H TPybKH ycTaHAaBIMUBA-
I0TCS Ba KpaHHUKA: OAUH — IJIsI COeJUHEHUS C Ipy-
TUMH TpybKaMU, BTOPOM - [/ 3aJIMBAa peaKkTH-
BOB. Ilosy4yaeTcs MAaxXMaTHBIM IOPSILOK COeHHe-
HUS TPybOK, Korma Tpybka coefHHSIETCS C OAHOM
CTOPOHBI C IIpeAbIAyIIer TPYOKOH, a C APYTOM CTO-
POHBL — C IoCJIeAyIoIer TPyOKOM BMecTe C KpAHOM
1151 3a7IMBa PeaKTHBOB.

TepMocCeHCOpHasl CHCTeMa IIPOAyMaHa CleAyio-
mum obpaszoM. V Bxoma B TPybKy, PSAOM C COeIUHU-
TeJIBHBIM YITIeBOAOPOAHBIM IIAHTOM C ITpebIAYIIeH
TPYyOKOM peakTopa, ObII0 IIPelyCMOTPEHO IIPOCTPAH-
CTBO JIJIS1 pa3MellleHHUs TePMOCEHCOPOB B Tpyb6Ke.
CeHCOpHl HA BBIOPAHHBIN IIPOMEXYTOK BpeMeHH,
YCTaHOBJIEHHBIH OIIEPATOPOM, IIOCBIIAIOT HHPOpPMaA-
LIUIO Ha pecuBep 06paboTku nHGOpMa U, PecuBep
XPaHUT ee OIpefie/IeHHBIN IIPOMEXYTOK BpeMeHH,
KOTOpOe I10 YMOJYaHHUIO HAaCTPOEHO Ha OJHH Yac
1 MOKeT U3MeHSIThCs orepaTopoM. CxeMa pacIiono-
SKeHH sI TEPMOCEHCOPOB B TpybKe peakTopa IIpUBeeHa
Ha pHC.3.

B xome pa3paboTKu KOHPUTYpaLlUU peaKkTopa
IOJIKHA peIlaThcs npobieMa ero O4HINeHUs OT 0CTa
TOYHOM SKHUAKOCTH IIOCTe OKOHYAHHS PpaboTHI.
JlJ1s1 pellleHU s 3TOM ITpo61e MBI 6bLIH ITPeyCMOTPEHbI
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mp X —
Xt MpuBsa3bIBatOLAS
- - /pr6|<a
Tying tube
]
[
o

—— TlpwuBs3blBatoLLas Tpybka
Tying tube

Puc.1. Cxema pacnonoxeHust Npussi3bi8aruiux mpy6ok
Fig.1. Layout of tying tubes

2

KpaHvK aNnst BAMBaHUS peakT1BOB
Reagentinlet tap

Puc.2. Cxema dobasneHus peakmueos 8 mpy6Ky peakmopa
Fig.2. Diagram for adding reagents to the reactor tube

¢ w

TepMoceHCopbI
Thermal sensors

Puc.3. Cxema pacnonoxxeHus mepmoceHcopos 8 mpybke pe-
akmopa
Fig.3. Diagram of thermosensors location in the reactor tube

one to connect to the other tubes and the other to
pour in the reagents. This results in a staggered tube
arrangement where the tube connects on one side to
the other previous tube and on the other side to the
next tube along with the reagent pour tap.

The thermosensor system is designed as fol-
lows. At the inlet of the tube, next to the hydrocar-
bon connection hose to the preceding reactor tube,
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BKpy4YHBaeMble ¥ BRIKPYUHBaeMble KPBIIIKK Ha TPy6-
Kax peakrTopa. Ha puc.4 moka3aHBl 3TH KPHIIIKH,
a Takske HeobxomyMas pe3pba Ha TpybKax peakrTopa,
obecrieurBaoIasi repMeTHYHOCTD COeMHEHU ST KPBbI-
IIeK U TPyOOK.

TakuM obpasom, npenyaraeMasi KOHQUIYpaLys
3JIeMeHTOB MHOTOCTAJHUHHOTO XUMHUYECKOI0 pPeak-
TOpa BRIIVIAAUT Clefyom M obpasom (puc.5). Ha Hem
[I0Ka3aHO I10C/IeIoBaTe/IbHOE COelUHEeHHe BCeX CTa-
nup paboTel peaktopa. Ha kaxkgom obbpeme mepe-
MeIIMBAHMUS [OJIKeH HAaXOOUThCS TEPMOJATUHK,
KOTOPBIX OyJeT cefUTh 32 TeMIIepaTypHBIM peskKH-
MOM BHYTPH TPybKU peakTopa. [JIMHa o6beMa mepe-
MeIlMBaHUs paBHa 280 MM, a ero gsuameTp 70 MM.
CmenaHo 3TO JJIsI TOTO, YTOOB GaKTHUeCKUI 06BeM
nuIuHApa 6bl1 paBeH 1 1. TakKe IpeaycMOTpeHa
pe3bba /15 JIOTHOTO NPUJIETaHU S KPhIIIeK 06beMOB
IepeMeIINBAHUS JIKXHOM 10 MM. ToJNIIHHA CTEHOK
LMJIHHIPA PAaBHSETCSI 3 MM [ TOTO, YTO6BI MOSKHO
6110 cmenaTh pe3sby A KphlIIeK. [Iporecc mepe-
MeIINBaHMUS B OCHOBHOM OyZieT JOCTUTAThCS 3a CHeT
IBUSKYILIEToCsl OCHOBAHHUS peakTopa. OCHOBaHHe
JOJIKHO KoebaThCsi HAIIPaBO M HAJIeBO OT I107Ib30BA-
TeJIsl peaKTopa C KOHTPOJIHUPYeMOH YacTOTOH.

Ha puc.5a - 3T0 BX0OJ TepMoceHCopa B TPYOKy miat-
GOPMBI 11T MOHUTOPUHTA TeMIIepaTypPHOIO peXXHMa,
b - xopmyc ocHoBaHUS peakTopa, C - KojaebaTenb-
Has m1atdopma peakropa, d - MegHasE MaTUCTPAIb
CHUCTeMBl HarpeBa/OXJIaKAeHHUsI, e -~ XOMYT KpeIlje-
HUS 06beMOB ITlepeMeIlNBAHMUS K OCHOBAHHIO Peak-
Topa, f - mKMHA KOHTpONS KoMeGAHUN OCHOBAHUS
peaxkTopa, g - KHOIKA BKIIOYEHHUS U BBIKITIOUEHU I
peakTopa, h - Tpybku peakropa ¢ pa3paboTaHHBIM
OU3aHHOM KpBIIIEeK peaKTopa, i - yIIeBoJOKOHHBIH
IIJIAHT JJIs1 COeAUHeHUs TPyboK peakTopa MeXAy
co60¥1, CO3OAIMMI IeCTh CTAAUHN CMEeLIMBAHUSI
B peakTope.

BblBO/Lbl

[TogBOAS UTOT BhIIIECKA3aHHOMY, OTMETHM, YTO pa3-
paboTKa XMMHUUYeCKOro peaKTopa HauKMHaeTcs 33010
10 TPOeKTUPOBAHU I KOHPUTYPALIMK COCTAB/SIONIHX
XUMHUYeCKOTro peakTopa. XMMHUUYECKHUH peakTop pas-
pabaTeiBaeTCs IIOf OIlpe/ie/IeHHYI0 3a/lauy, Ha OCHOBE
KOTOPOM IPOM3BOAMTCS IPOeKTUPOBaHHUE peakTopa.
9To 3a/laeT Haua/lbHble, IPOMEXKYTOUHbIE U KOHEY-
Hble yCJI0BHSI paboThl peakTopa, Ha OCHOBE KOTO-
PBIX BBIOMPAIOTCSI MaTepHalbl PeaKTopa, pacCUUThI-
BAIOTCSI KPUTHYECKHe 3HaUeHU S TaKHUX [1apaMeTpoB,
KaK aBJieHHe, SHTA/IbIIUS U T. [., U Ha OCHOBe 3THX
JOAaHHBIX IPOU3BOJUTCS IPOEKTHUPOBAaHHE PeaKTopa,
KOTOPBIH B [Ja/IbHEeHIIeM TeCTUPYIOT U OITUMHU3U-
py®oT. Ecnu peakTop obnamaeT Heo6XxoqUMBIM PYHK-
LIMOHAJIOM J[I/Isl BBIIIOJIHEHUSI TpebyeMolt 3aJaumu,
PeakTop MOXKHO MCII0/Nb30BaTh, €C/IH Ke PeaKTop

TonuwmHa CTeHKM 3 MM

@70 MM Wall thickness 3 mm

10 MM
10mm 82 Mm
TepMoOaaTUNK 6 MM g2mm
Thermal sensor 6 mm
KpaHWK BbICOKOr0O fasiieHns 15 mm
High pressure tap 15 mm
10 MM | mm

280 MM | mm

Puc.4. Kpblwku Ha mpy6Ke peakmopa U cnocob Ux coeduHeHusl
¢ mpybékamu
Fig.4. Reactor tube covers and how they connected to the tubes

X

Puc.5. OnmumanvHas KoH@uzypauus MmHo2ocmaduliHo20 pe-
akmopa 048 6ecnpepblgH020 CMelU8arus xudkocmel

Fig.5. Optimal multi-stage reactor configuration for continuous
liquid mixing

space was provided for placing thermosensors in the
tube. The sensors send information to an informa-
tion processing receiver at a selected time interval
set by the operator. The receiver stores this informa-
tion for a specified period of time, which by default is
set to one hour, and can be changed by the operator.
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OBOPYAOBAHME A/11 HAHOUHAYCTPUM

3TOTO He JlejlaeT, 3TOT MPOLeCC COBEPIIeHCTBOBAHUS

peakTopa noBTopsieTcsi. Ha ocHOBe JaHHOM MeTOAMKHU

6p171a mpopaboTaHa KOHPUIYPALIHS COCTABIISIIOIUX

XMMHYEeCKOr0 peaKTopa AJist 6ecIrpepbIBHOTO CMeII -

BaHUS KHUJKOCTeH, 2 UMeHHO:

1. BHEIIHUN UCTOYHUK [lepeMellMBaHU S (OCHOBaHUe
peakTopa), KOTOpBIM He OygeT MelaTh IIPOLecCy
BBITECHEHMUS,;

2. cuCTeMa HarpeBa U OXJIa>K[eHH s, KOTOpasi [103B0-
NAsileT MPOBOAUTH 3K30- U 3HAOTePMHUUYECKHUE
peaxkLuu;

3. CTaJUIHOCTb peaKkTopa U MeTO KA ee JOCTHKeHHS;

4. TeMIIepaTypHBIN KOHTPO/Ib BHYTPH PeaKkTopa;

5. mpoliecc YUCTKU peaKkTopa.

BJIATOAAPHOCTH

ABTOPBI CTaTbU BbIPaskaloT 671aroflapHOCTD CTapIIeMy
Hay4yHoMY coTpyaHuKY HHUIIKII "HaHOTeXHOIOI UK
v Hanomatepuann" bamartoBy [kabpauny
MycaeBruy 3a IIOMOIIb U IIOAJEPXKKY B paboTe. PaboTa
nopaepskaHa rpanTom PH® Ne 22-16-00092.

NHOOPMALIUA O PELLEH3UPOBAHMNK

Pemakuus 61arogapuT aHOHKMMHOIO pelleH3eHTa
(pelieH3eHTOB) 3a X BK/IaJ, B peLleH3MPOBaHUe 3TOK
paboThl, a TaKKe 3a pa3MellleHHe CTaTell Ha CanTe
SKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM BH e B HOB
eLIBRARY.RU.

Jekaapauus o KoHpAuUKMe uHmepecos. Asmopsl 3aa8AAt0M 06
omcymcmauu KOHPAUKITO8 UHMepecos UAU AUYHBLX OMHOLWeHUL,
Komopble mMo2Au bbl no8AUSMb HA pabory, npedcmasAeHHyto 8 daH-
Holl cmambe.
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The layout of the thermosensors in the reactor tube is
shown in Fig.3.

During the reactor configuration development the
problem of cleaning the reactor from residual liquid
after operation had to be solved. In order to solve
this problem, screw-in and screw-out taps on the
reactor tubes were proposed. Figure 4 shows these
covers as well as the necessary threads on the reac-
tor tubes to ensure a tight connection between the
covers and tubes.

Thus, the proposed configuration of the ele-
ments of the multi-stage chemical reactor is as fol-
lows (Fig.5). It shows sequential connection of all
stages of reactor operation. On each stirring volume
there should be a thermal sensor, which will moni-
tor the temperature regime inside the reactor tube.
The length of the mixing volume is 280 mm and its
diameter is 70 mm. This is done to ensure that the
actual volume of the cylinder is 1 litre. A thread is
also provided for tight fitting of the stirring volume
covers with a length of 10 mm. The wall thickness
of the cylinder is 3 mm so that threads can be made
for the covers. The mixing process will mainly be
achieved by the moving base of the reactor. The base
must oscillate right and left of the reactor user at a
controlled frequency.

In Fig.5 a is the thermosensor inlet of the platform
tube for temperature monitoring, b is the reactor
base vessel, c is the oscillating reactor platform, d is
the copper line of the heating/cooling system, e is the
clamp of the mixing volumes to the reactor base, f is
the reactor base oscillation control bar, g is the on/off
button of the reactor, h is the reactor tubes with the
developed reactor cover design, i is the carbon fibre
hose for connecting reactor tubes together which cre-
ates six stages of mixing in the reactor.

CONCLUSIONS

To summarise the above, the design of a chemical
reactor begins long before configuring components
of the chemical reactor is designed. The chemical
reactor is designed for a specific task on the basis
of which type of the reactor is designed. This sets
the initial, intermediate and final conditions of
the reactor, based on reactor materials are selected,
the critical values of parameters such as pressure,
enthalpy, etc. are calculated, and the reactor is
designed based on these data. The reactor is then
tested and optimized. If the reactor has necessary
functionality to perform the required task, the reac-
tor can be used, but if the reactor does not, this pro-
cess of reactor improvement is repeated. Based on
this methodology, configuration of the components
of a chemical reactor for continuous mixing of lig-
uids has been worked out, namely:
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1. external mixing source (reactor base) which will
not interfere with the displacement process;

2. heating and cooling system that allows exo- and
endothermic reactions;

3. reactor staging and how to achieve it;

4. temperature control inside the reactor;

5. reactor cleaning process.
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