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Figure 22.2 Sketch showing the resistances involved in the G/L reaction on a catalyst
surface.
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Figure 24.2 Contacting patterns for G/L contactors.

Contacting pattern. We idealize these as shown in Fig. 24.2.
e Towers approximate plug G/plug L.

e Bubble tanks approximate plug G/mixed L.

e Agitated tanks approximate mixed G/mixed L.
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Solids and Gas Both in Plug Flow. When solids and gas pass through the
reactor in plug flow, their compositions change during passage. In addition, such
operations are usually nonisothermal.

The plug flow contacting of phases may be accomplished in many ways: by
countercurrent flow as in blast furnaces and cement kilns [Fig. 26.1(a)], by cross-
flow as in moving belt feeders for furnaces [Fig. 26.1(b)], or by cocurrent flow
as in polymer driers [Fig. 26.1(c))].

Solids in Mixed Flow. The fluidized bed |Fig. 26.1(d)] is the best example of
a reactor with mixed flow of solids. The gas flow in such reactors is difficult to
characterize and often is worse than mixed flow. Because of the high heat capacity
of the solids, isothermal conditions can frequently be assumed in such operations.

Semibatch Operations. The ion exchange column of Fig. 26.1(¢) is an example
of the batch treatment of solids in which the flow of fluid closely approximates

the ideal of plug flow. On the contrary, an ordinary home fireplace, another
semibatch operation, has a flow which is difficult to characterize.

Batch Operations. The reaction and dissolution of a batch of solid in a batch of
fluid, such as the acid attack of a solid, is a common example of batch operations.
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Figare 24 Agitated tank reactors for gas-hqud reactions: (a) smgle-stage;
(b) two-(or mmifi-) stage

11



Hso fpodykmsi+ Hy Peazenm

e — L

r Moodykms
pre—
/ : 1= %
0 A—
r N
— A 4
1 ‘l %Hzo =< -
o T ‘ !
- g
v g = |
[ H,0 1 H
H ‘I _— I e
2 i ] e —— -
[
Peazexm ¥ lpadyxmsi
-
NpodyKme: Peazenm peazexm H,
o
a ] ] 2

Puc. 145. PeaxkinOHHBE Y3Jbl AJ5 XKHAKOPA3ZHOTO IHAPHPOBAHHUA:

@ — KOJOHHA NEepHOAHYeCKOro JefiCTBHS ¢ BLIHOCHBIM OXJAaXKJIEeHWeM AJs [polccca ¢ Cyc-
HCHIHPOBAHHBIM KAaTaJW3aTopOM; O — Kackaj KOJMOHH HelpepbiBHOro /eHCTBUS C BHYTPEH-
HHM OXJaXJeHHeM /A5 Inpomecca ¢ CYCICIIHPOBAHHBIM KaTalH3aTopoM; 6 -— KOJOHHA He-
HpepbIBHOTO AeHCTBHS ¢ BHYTPEHHHM OXJaXXZEHHeM JJs npolecca o CTAaUHOHAPHLIM Ka-
TANH3aTOPOM; & — KOJIOHIIa HeNpepbiBHOTO AEeHCTBHS ¢ OXJaXKIeHHEM XOJIOAlibiM BOAOPOAOM
AN npolecca €O CTAHOHAPHLIM KaTalu3aTopoMm
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K Bonpocy o rpadouyeckoM MeTo[le pacyeTa Kackaga peakTopoB MaearnbHOro CMeLLeHNS
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The Packed Bed Catalytic Reactor 13

f

-~ v W v .- - v > - -
’.: ‘: 0% 20, '°:'0.0.’ '0.00: ’:
o o0t 0 Tg oot ",
[* 2% e 0200 2T 0200 y
200t 249, % 000 S0, ’

oo sl Sotellt——
IRERAE T ABC LR T R

:*,Af‘,: large amount of catalyst

et et s o %
- e et o -
‘e > .e ” ST
s, 3288 °.°~’.‘; ey %’-’.31
"2 e o% o S 2%, *
0‘0:’0 'Y .

(= Coolant

o7, o 4
®, -
000:0’. :0’000..‘;’: o’oo.
RSP SAAPS
* .o»’.ol - :0“... *

Packed bed, first stage,
small amount of catalyst




With these points in mind, let us proceed to Fig. 19.1. Figure 19.1a is a typical
packed bed reactor embodying all its advantages and disadvantages. Figure 19.15
shows how the problem of hot spots can be substantially reduced by increasing
the cooling surface. Figure 19.1¢ shows how intercooling can still further control
the temperature. Note that in the first stage where reaction is fastest, conversion
is kept low by having less catalyst present than in the other stages. Units such
as these can all be incorporated in a single shell or can be kept separate with
heat exchanges between stages.
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Peakmopsbi ¢ kunsawyum crioem (KC) 15

peaKkTop-pereHepaTop Ans KPeKUHra
BaKyyMHOIO ra3ouns

Punc.6.83. Cxema peakTopHoro 6noka ¢
OAHOKpAaTHbIM

NoAbLEMOM KaTanmaatopa 1 pacrofioXXEeHHbIM
CBEpPXY pereHepaTopoMm:

1,5 - OTCTOWHbBIE 30HbI; 2,7 - KUMALWMIA CION;

3 -pacnpegenuTtenb Bo3ayxa; 4-13 - LMKMNOHBLI;
6 - CryCKHble CTOSIKM KaTanusaTtopa;

8 - KnanaHbl ANs KatanusaTopa;

9 - perynupytownmn knanaH; 10 - oTnapHagd
CeKUUS;

11 - nogbEMHbIN CTOSK;

12 - pacnpegenuTenbHaga peLleTka;

[MoToku: | - npoayktel peakuum; |l - coipbe; Il -
BoaaHoun nap; IV - Bo3ayx; V-rasbl
pereHepauum



16

Ona aToro npouecca xapakTepHa ObiCTpas Ae3aKkTMBauUs KaTanusatopa
BCrneacTBue OTIIOXKEHUSA KOKCa Ha ero noBepxXHOCTWU, MO3TOMY peakTop
KpeKunHra pabortaeT B nape c pereHepaTtopom.

AnnapaTtbl PyHKUMOHarNIbHO pa3aerieHbl HA HECKOSIbKO 30H:

- peakuMoHHasi 30Ha, B KOTOPOW OCYLUECTBMSIOTCA peakuun KpPeKWUHra
(peakTop) M BbbKMra KoKca (pereHepaTtop), npeacTtaBneHa AOBYyMSA
KUMALWMMU CNOSIMU;

- OTCTOMHasi 30Ha pacnofiokeHa Hag crosiMmym Katanusatopa. OHa
npegHasHavyeHa Ana cenapaumm yHeCeHHbIX MOTOKOM rasa CpaBHUTENbHO
KPYMNHbIX YacTuu TBepaon da3sbl (0bonee menkue 4actuubl OTAENAOTCA B
LUKIOHaXx);

- oTnapHasa 30Ha CIYXWUT ANA AgecopobuuuM NPOAYKTOB KPEKMHra wunu
NMPOAYKTOB CropaHuss C MNOBEpPXHOCTU KaTanusatopa. B kKavecrtBe
Aecopoupyrowero areHTa UCNosib3yHOT BOASIHOU nap.



NMpenmyuwectBa peaktopa KC no cpaBHeHUIO ¢ annapatamMum ¢ HenoABUXHbIM 17
Ccroem Kartanusartopa:

- U30TEPMMUYHOCTb CJ1I0f1, BO3HUKaKOLWY0 BCcrieacTBUe npeodnagaHusa pexuma UC B
aktuBHon (¢pase. [IpakTnyeckm OTCyTCTBME TMeperpeBoB npenoTrBpallaeT
yXyALleHNe CefieKTUBHOCTU U YMEeHbLUAaeT OMacCHOCTb B3PbLIBHOMO MpPOTEeKaHUs
peakuumn, TpeodyrLwmnx BbICOKOU CTEeneHn N30TeEPMUYHOCTH;
- TeKy4YecTb CINnofi, KoTopas obecneuyumBaeT ULUUPKYNALUUIO OTPabOTaHHOro M
pereHepMpoBaHHOrO KaTanusaTtopa Mexay peakTopoM U pereHepaTopom;
HU3Koe ruapaBriny4eckoe COMPOTUBIIEHNE, HECMOTPSA Ha MasnbiU pasMep 4vacTuu,
BCNeACTBUE BbICOKOW NMOPO3HOCTU CIOS;
- BbICOKMUe 3Ha4yeHus ko3addpuumeHTa Tennonepenaum K, kotopsiv B ycrnoeusix KC
Ha NOpPSAAOK BbllWe, YeM AnA CTauUOHApPHOro Cnosi, U COCTaBNseT BEJINYUHY
400-800 kMx/m2y-rpan. YBenuueHue CKOPOCTU TenrornepeHoca WCKMNoYaeT
BEPOATHOCTb CMEKaeMOCTU 4acTuUL, KaTanumsaTtopa U NO3BOSIAeT CYLIeCTBEHHO
COKpaTUTb rabaputbl TeNJIOOOMEHHbIX YCTPOUCTB;
- BbICOKass NOBepXHOCTb Mexcda3Horo oobmeHa n3-za He3Ha4YMTESNIbHOro pasmepa
yactuy Kartanumsatopa (0,75-1,5 MKM), 4YTO CylWEeCTBEHHO CKa3blBaeTcA Ha
yBeniM4eHUn cKopoctn wMacconepenaun. B KC npakTuyecku OTCYTCTBYIOT
BHewHeaudhpy3noHHbIE U 3HAYUTENBbHO YMeHbluarTcA BHYTpuand hPy3noHHbIe
TOPMOXEHUS;
-  BO3MOXHOCTb OpraHusauuuM 3HEeproTexHosiIorM4yecKkoro npouecca Ans
3K30TEPMUYECKON peaKkuun, MNOCKONbKY BbICOKas CKOPOCTb Tensonepenayu
obecneuynBaeT TeNIOOTBOA HENOCpPeACTBEHHO U3 peakKUMOHHOMN 30Hbl, B KOTOPOW
pa3mMeLLaroT OAUH U3 KOHTYPOB KOTNa-yTUnmM3artopa.



HenoctaTtku peaktopa KC 1

-ABNXXEHUEe YaCcTUYeK KaTtanusaTtopa npmBoauT K ero (katanusaropa)
UCTUPAHUIO U BbI3bIBaeT 3PO3MI0 CTEHOK annapara. lNoatomy ans paboTbl
B KC Heobxoaumo noadbupartb Katanm3aTop, KOTOPbIX C OA4HOW CTOPOHbI
AOMKEeH ObITb N3HOCOCTOMKUM, a C APYron Mo BO3MOXHOCTU He ABNATLCA
abpa3nBoMm;

-o6pa3yrowascs npm NCTUPaHUU KaTanusaTopa Nbifib 3aCopseT LUKMOHbI U
yBenn4mBaeT rmapaBrinyeckoe conpotmuBrieHue annaparta. [pocKokK nbinu
yepes UMKNOHbI NPUBOAUT K 3a0MBKe LUITMHAPOB KOMMNPEeCcCcopoB;
-0ceBoOe nepemMeLiuBaHMe peareHToB C NpoAyKTaMu, CBA3aHHOE C
oOpa3oBaHMeM KaHanoB, YMEeHbLUAeT CKOPOCTb Npouecca U CHMXaeT ero
CeNeKTUBHOCTb;

-pexxum UC B akTnBHOM ha3e cnocoOCTBYyeT BbIBOAY YaCTU aKTUBHOIO
KaTanusatopa BMeCTe C 3aKOKCOBaHHbIM, YTO BeAleT K YBeJINYEeHUI0
rabapuTtoB pereHepartopa.
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Peakmopbi ¢ 08UXXyuw,uMcsi CJiIoemM 19
meepdou ¢pa3bi (4C)

Peaktop OC npeacraBnseT cobon annapar WaxTHOro tmna, B
KOTOPOM O BCEMY CEYEHUK CBEPXY BHWU3 [OBWXKETCS
rpaHynMpoBaHHbIN (pa3mMepbl rpaHyn 3-5 MM) KaTanusaTtop B
BUOE HEMNpepbiBHO oOcedawolwero nog AeWcTBUEM CUIbl
TSXKECTU CNnod

Puc.6.87. PeakTtop c ABMXYLLUMMCS CNOEM KaTtanusaTtopa:

1 — OyHKep; 2 — CTosIK; 3 — 30Ha BBOAaA Cblpbsi; 4 — BepxXHee
pacrnpenennTenbHOe YCTPOUCTBO; & — peakuMoHHas 30Ha;
6 — 30Ha oTaeneHusi napoB OT KaTanmaartopa; / — 30Ha

oTnapkn; 8 — HWXHee pacnpegenuTensHoe YCTPONCTBO;
noToKku: | — pereHepupoBaHHbIN KaTanusaTop; || — cbipbe;
Il — npogyktel peakuyun; IV — BogaHom nap; V -—

oTpaboTaHHbIN KaTanusaTop; VI — MHEPTHLIN ra3



MpeumyllecTBa peaktopa AC nepen KC: 20
- OTCYTCTBME NPOAOSILHOrO nepeMewiMBaHUA, TaK Kak
KaTanm3aTop U peareHTbl ABUXYTCA B pexume B, noatomy
achdekTnBHOCTL peakTtopoB AC Bbille;
- OTCYTCTBME CMeLUeHUS CBeXero Karanusatopa ¢
3aKOKCOBaHHbIM, 4YTO oOecneymnBaeTr Oonee nonHoe
UCNoNnb30OBaHWEe aKTUBHOCTM KaTtanm3atopa W CHWXaeT
Harpy3Ky Ha pereHeparTop;

HenoctaTtkm annaparta [1C
- CBAA3aHbl C TPYAHOCTAMM KOHCTPYUPOBaAHUA U IKCNyaTaumm
BbIpaBHMUBaKLUX CFIOU YCTPONCTB, NOCKONbLKY OHU HEe Bceraa
obecneynmBalOT paBHOMEPHOCTb ABUXEHUA U OOHOPOOHOCTb
Crios.
NMpnmeHeHune peakTopoB AC

Hanbonbwee npumeHeHne peaktopbl [OC Hawnm B
He(hTeXMMMNYECKUX  (KPEKMUHT, KOKCOBaHue  He(gTAHbIX
OCTaTKOB, KaTanUTU4YeCKUN PUMDOPMUHI) U YrIIeXUMUYECKUX
(rasudomkaumnsa, oxnmkeHme yrns) npoueccax.
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FIGURE 115 Rotating-disk column with countercurrent downward flow of a liquid and upward
flow of a gas or lower-density liquid.



Figure 19.1d shows a fluidized reactor for a stable catalyst which need not be
regenerated. The heat exchanger tubes are immersed in the bed to remove or
add heat and to control the temperature. Figure 19.1e shows operations with a
deactivating catalyst which must be continually removed and regenerated. Figure
19.1f shows a three-stage countercurrent unit which is designed to overcome the
shortcomings of fluidized beds with regard to poor contacting, Figure 19.1g shows
a moving-bed reactor. Such units share with fixed beds the advantages of plug
flow and disadvantages of large particle size, but they also share with fluidized
beds the advantages of low catalyst-handling costs.



