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— The bread and buttes teois for @ chemical enginees ase the malerial and enesgy balances. Chemical Reactor Design
5 o classical aPFIiwiion of these fundamental prnciples. In the design of chewsical reactors we are concerned with:

1. Dcsian eqs. Haterial, enerqy, and momentum balances
E These depcnd on the ftype of reacksr bt ore l}aderwde«{t i Sandeal ibelis
Rasic form: IN = OUT + GENERATION = RCCUMULATION

2. Rate funclions Lor heat and wog bransfor (e.q.: rate of heat transfer = ha(1,-T))
> chemicad 705 gre o function of Tard C
are n delp(.:dewf of the reactor f/pe

_ First we consider e .simFlesf case: Meal, lsgthermal Reactors

. l$oﬂ"ermal constant T
[: Ne energy balance needed, No hexd "’fw“"f” rate leMchn

. ldeal constant P (Np momen tue bmlﬁmcc]
‘: ::Oejne f m(xinj sPec{ﬁied (No mass transfer rate functions)

« Needed cqs.& Desiﬂn eqs. (H'\muﬁh material balance)
f“"‘{"""“‘u‘.“ Rote functions ( tates of chemienl rans)

Nomenclature & su.bscr-'P*S

J

- Nomenclafwe 57'\ bol 2‘ dffiﬂiﬂaﬂ [uni{]
[_,y E‘ erfi] __‘E_ concentrotion ‘f Q,,,,P.,M‘J: ¢ EmaL/m3 ]
molor ﬂow rode of ~ ~ [mo Lss ]

A
N B oplsof T
—> i = moles ¢ omPone«i { in o batch reacter [mol]
V" é— volumetric Flowrade [_m3/S] Prvd«cts
L :A__ vake of Lot A X EMG"'/”}- s]er Cmal/kﬁ.cpd.s] (Posihvc [or wenobd's )
_ -1 % ya-de v}} Jn’saf{ ‘eow;ﬂ(c af( L loor «~ ] (Pcsa'hve far reactads)
» T = time ot operotion for bukch reackrs [57]
y V L reactor volume C"‘BJ
L X c«f 2 ffac“onu( conversipn C-1 (Xis used in Foj‘u § £, H )
_ Su.bscripfs e 1) é conditions ot reactor flow inlet o t=0 Er bokch reactors.
A .
. E = v ” »” P BX“' or ‘ﬁl‘w\l t “ ~ ~
> _A_ (ompcnmf ¢
o | L totad

» rﬂ emele F('o = totad pmolor flowrate inko the reactor ‘

r[mz | Some basic funchions

{ ; les of component i that hos ted - X; is constant for
_ Fractionsd  conversion definition: X; oy i sl b e —— (5“1[{ I
{ $LX l € tofal moles of i {ed to or Pla(cd in the reactor - s only
ot Comporne / ( ©q.
Pe SPt‘Cl"ltaimﬁ; x‘ = N“()"N'E ) x F; _F;.
c : =
v bakch syston of Nio Flow s}’sfom«r T E,
- Space time, T E: definition: T= ;/ (holJ{n& time, of mean resigkne time)
it is the time necessary fo cpmess one reaclor volume of Fluid based on enfrance
_Spﬂ[t VC!OC&)’/ 5\/ [:: de!'.m‘“o"“ Sv= —)6‘-‘-—'-‘(- ) (vo'mdr" nVW was fotk'ln cd ta?h'nl!ft (ondt‘h‘ons)
“0 n 0
::(Z (;\r;(m‘ ,/ LHsV = l«lquld hcwl, Hypl'ml(}/ at @cfisclf)
° GHSV = gas e ( ~ STP cc,‘,{“{,‘o,,,)

Q
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= mean o aveage dt‘r{ni“on:
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Velime b flavate com C‘\aa\_)c die @

te d\w\at in meles

[@ General Mol balae @\'

'tu u.-mfmnr.d
tdeal, lsc”e v

~Corsider a velume element AV rer the tme At

IN - OUT +

AV (a At

mefar fl‘ull ‘JJ ;n{u
' J [M.f avia At

. -F . s = (C AV -(C:av
= F:Jo‘ﬂt F:JE At o YJ Avat (CJ )‘hM (CJA )t
= f-:jlv.At -Fi| ot sr.avat = (CJ‘AV)' - (cjav){
e t+at t

— e will (\{\F\’ this St.\efal eq.

rcv the It‘low{o\j rtacf#rs E

(0 ootk 7]

GENERATION = ACCUMULATION

')

Malw H:w t‘ mclN iprma‘un :t

j i AV i At

C VBRS and VVBRS
PFRs
CSTR;

s QSSMPﬁ'cnS o s

f S
L

b

Sfo«l"nj frem the se.ma( mde balance eq. =

= rJ-VAt = CJ-V '(m( - CJV!t

_lt.n;i( o a0

ldeal (well mixed), lscthecmal batch reacters

Uniforan cempesiben  ( Cp 3 \f( positica in reacter) )
Stavt of rxn of:

/ot
F",A

0

C;Vltong -
_ J lteat
= ':Jv' at
— Vitm.d s d(Gv)

J v dt

‘c Il L\‘) u‘N
PE—

veocler

]=

" d —X. pesitien “’("ﬁ the reacter
.8
U —y K nw({ vtlctlf/

of 4
V

' u chanﬂg as T, P, # of moles tharge s ran pregeesses

Flo rJC-
—7
fil, filven

modar a(‘ru.mu{a,“m cf
J i AV i Ot

J

) Gienesal mole b 5% :
—_— enesal mole Qlﬂhq G.i ‘faru;r-F.J

t=0, T-T,, PR, Cj=C;
Ead . “ oy el =T¢,P¢_,C_
L Reactant wes d\wjed ol t= 0 and d:sd\araed ot the eJ.\Ed.

= Fdeft SrjOVE = (GAY) - (cAv),

(no “‘W'-\ii wls or cub of the batch rscu;‘lc()
_ Veiume elemeat AV can be nPla(ed by the reactor voiume since fhe reacter is we-mixed with unifer

m empositicn

v

t

where "J- is the rc\{e cf {uma,h};n ch‘

_lfd ‘.Sq rcufa.\l, then it (susead to write the é(i~ as: I/_—_;T_‘l
v _dt |

L_U) is Fo:.('*w.' f‘, r:d’f "

L

d‘.s“PFE‘\"“"li L( réoc (’l\n«"J

>\r Tre genedd de;.jn €q- Tor batch reactor

- For o Gnstat Volume Batch Reacte (Cvgpy .

then

V= cte _

waBY
at

~For & Vaneble Velume Butch Reacte (VUBR):

dfa

=

J‘V'(

= -[Fc 3ener-\1 Jeslsn 4

N =GV —

N(J:Ndc (I’XJ)

4G

Jdl) T

G v
x

can be wowd cxpusscd i b of A.’J or )(J- :

LA
at T
Ny (-X1]
e _,:_-l_d_[_____:’__
¢y dt

N, dX;
v_ﬂ

TN —
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- alternale exPIeSSians Far the desiﬂn 4 eq. of badch reactors are:

- d(Gv) , 5
...D’J:_\l/_.——ﬁj—— ) ..rd-,:'__éﬁ/g > _rdz,_Ai‘_”_.Té—‘-/-

- to obtain CJINJ' or XJ o el of bime, we must integrate the abeve expression. To do that we need fo know

> VJ. as a {Mthcn cf 9' NJ' or XJ . ond the case cf VVBRs we have to enpress Vas a fw'd,‘,,, ,,f Xd', 9/”’

dl
or t.
(2_,2_ l Pl“ﬂ Flow Reactors PFRS
_also {cfen/ed to as a tubular or Fis‘l’m flow veactor since the nun takes placc n n c/h;‘dri(ql tube or F:ff'
~\n o PFR, the composition of e Liguid changes along e pecth of fly,
_a PFR is r\crmaﬂ, CPGI'L‘iCd ot Sfead)/- State siad Conditions at ony FOL\t c‘f the reacter s fime wvarioad
E dmnges n comPas.'Hm ocCur tn sl:ocﬁ'cd dimension
~ ©nsider & Wlume element OV which moves plohi' the lg,\sm of the i B on
\deal PFR, H’W fol(om’nﬁ aSSumFHonS are made.‘ e
1. Pefect Radial Nixing —> L&, within the AV, CumPosH.'an is not a Tunction of oV
radiad pesihan.
2. Ne Apal ﬁl'rl{r\j 5 1-€. velume elements are sePo.micd from one ancthes b), « h)/,:,.v'hch‘m( iston which
r;lever\*S a)uloJ mimhf) P
o Cn»nrcsi\‘ion within each AV, however, charges as it moves along the reacfer.
« We can think about each DV as a smadl batch reacks maving a(onj the tubwler reacter.
_Lets now develaf; the desn'fjn e for the PFR : EM:LM“ ov Exit
i s |
- tacting from e goreal e balone . Go—i Gl PR =
P:" Ot 'Fd -t +fd'-AV-At: CJ'AV\ -CJ“AV‘ Fdo : Y V*AVJ,CJ:(:
v VBV L hat t Ve ‘Pl
et e e
l__, =0 (foi o 'S5 DPQI“("‘“/ CONPCS;}','on s oot a fw'({l‘on c(“ fr"me) VG
o Hence F-{ —F-l +r NV 20 .
J J TR i - FJ =i AV @ dF where v: is the
v = {V+AV ‘JJV = rJ -—J_:_fJ rate cf ‘;Cclmaficn
AV cf ies |
i J is a reactont, then we uswxll/ write the desijn e as: JJ ——— T Epses
.._d_lj.z "":j. Basic Jgs{g,\ el}« t,, & PFR "
_Using F:xF: (i-X:) L
J TN =~ Fuodv"d,
_To cblain We st ;nieﬂraie the design eg-
; J
XJ (or Fd') To do that, it is necessary fo express ("YJ') TP — XJ Gr B3
os a fw'({l.ﬂ\ J
4 v

“2_.3& Conlinusus Stimed Tank Rgﬁd\* CSTRs

~olso known a5 PackMix Reaclor . :
— Nermally Of»t"ai‘d at $S  (somprsitivs are time wvariant)

_ Flwd Pho«se is well-mixed, omposition 15 the same fhrouﬂ‘wuf the reacter .
_well-mixed behavier s bor la'c’w'd phase rxns, il 15, Fonder b qhiin Tor ges phase rxns,

_No spatiad vowiakion in cencentration, rate, of T inside the reac fer. FJ‘c
~To develop the design eq. for o CSTR, we start agann with the geneml ¢ —;l
mole ba(m\cc Qq. . _)fr‘
F., ot - FJ A 4y AVAL = CJAV, —CJAVI / Fie
d v v+ AV hAt t Cw:ll—uuxtd] C €
e e = J
=0 (b*éu(}y-.a{n(t) ')L
F DV =0 Te
= FJ fv - J ’ + r\' . =

v+DV @
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< Decause there is no variation (n concentration or T with Posf“an nside a CSTR, the enlire reactor volurme

has the Prope(('{es 8w Jl’frwm{k\,( volume | 1'%&5, replamj AV with V) we Sd:

FJ'O- F;iE -H-V.—_ 0 R FJC -fjo s where (J‘ is the rale (,‘f
; Vv - formatica cf (omP,J

,If J s o reactont, then we u.suaﬂ)' wrife the abeve eq- as: " General d.:,,j,, eq- L

e« CSTR”

v Some alternate 'fcrms are :

. . : X ))C- ’(:V/ Ko, G
Xie F 5,,=VL.CJ'; ) JE 70 " Jo Ve JE “Je
_I,Jé . NE “Jo __rJe :——T/’—-"" _ .-fJ-E = ..—_:E———
\/ e e
"v—-_\_—'\/v
~——— T

_Ex.0l s CVBR, WBR cv=Fiti]

. ConSuder the ges p nasc g B —
—> the velue ;i k ot 10

> 0.05 moles c‘; pay

of A if the run

which fellows _%_ndc'rlsv kinetics with -r —LCﬂCB

. -5
15 |0KL r"/ el.s CNete that A s the Linwiti, G veactant ]

and 0.2 moles dn ere cha rgcd te @ bateh reacter. What is the f,m(‘m‘ r—

is carpied out ot ((‘( ( fn 500 °

—> “) n o CVBR wn“n V—("-(‘I m-
L b) (n o Vi m> m’
rs with V=y (1e0002t) ™ | v 2 000
- Derivia tart with the e d( )
stawrl wi esi, . -1 v) aw,
b 9 jnec‘ : -rA.—_—\—/-- dai ___i‘_g_/i ,N;/\/ﬁ (=-x,)
B t v o dt R™ A" A
sPe'c« € s wasfufu(mj Ny we weuld 8&: ety Nao chﬁ @
design &- > express (1) in Jerms g x v
"h‘kcﬁcg k. __fL V angLI-XH)._/‘_/B_
> now we have to express N &N t v v
)(P w lerms cf X TFIS can be donc b)l Sefffr:’ uF o 5f0ich|‘gmfh,'< fable;
Comp - m.haﬂ)’ ok time t in terms cfXﬁ #* ] i
L es ¢
A Nﬂo Ng Ny, (L= Xp) > A reacted = NAO_A{‘I =Nﬂc XH
R N Np-WaNy) Ny - N N,
Bc As a B< AOXR 7N[3 = NBC—/UAOXR =Nﬁ0( Be - Xﬁ ) @
C 0 NR /Vﬂ NaoXpn Nre
fotal Mg, *N N +N,q g ,MN; (T'Tﬂ)
s DD s e l< Mo 1-x) B - xp) @)
> @ @ = U (=X ,( S = de Df-'n'sn eq. fer a“"s/sft»«
Ao Va, It -
_a) WRR Ve pke JTRLY: dXn J’ dx I pn(P:wq
. i SN
s =7 J‘f JI A=xq)(Noe _xp) (“"*b)(l’"‘“i) bf‘ qab
Nao . SN
Nae,
ategrobing : (Do iy Miope g, 1 Rartne
Na v |- Xpe
_ a3 5
uSm3 Swer\ dafu 3 0.3% = ,ln(.l___o..}é_x_ﬁi.) . (1- ch) & J_ l-0.26
. | - Xae .15 " The
©.75 35 e -1
= e -l =zt =-025)Xac = Xpc "’o.—v?’-zs ~ ¥pg =0.598
e _cl_ —————————
~b)ypR V (140.002¢ bk ) ——iu—-’*-- s fl
V- ' + (% ) —_— kNﬁaJa V(H»O.(JC'ZU "'J(/

(- X 1 e - Xq)
= <NA0 Mﬂn ,)

' - &“X
Ao-—‘-;— In (l+0. co').‘t) ,,Q'y\( ~a. " A )

L= Xp
So‘Vu:j ftl XHE 3 XHE =0.4116

_Nete £ "VUBR : as ¥ inueases with time, concentredicns of A and B are decreased.
hence, the ruy rade is decrcased as we get o smaller il Conversicn

V varies b)/ extenal meon's
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~Ex.02 5 Reactor volume ges (_'Lwa.\sp.‘el p-it3 1]

lxha:c
A ) |
gas '.hcwé t(l( wmr»o.uhrv\ o PhC;thg 4 PHB“_]! }_{(9 + GHS“ : . ')25'( P:\'{.G oaln
s 3
fo“c""". 17 -order kinehies "eu —kcf‘H > k=2.8x10 iy
3 = A}
What vel £ o : ) : : B wals
velume ¢ FR ig required te ubﬂu,. 804 convarsien of « f CW'N_’“_,::, I;'wa‘ wly,
0‘ pure ':ho:,Pthe ¢ Cassame ideal 95 and constant pressuse
~-Ex.ov — s{wbnf’ ‘mm ¢he Jes«jn eq- f‘ly’ a PFR p‘A. dXﬂ e :=ch — v dXa JV
Scluﬂan \mfzsftd’g _J" JV F JHEdXA dv R Ag kCR =
fe pe, "
"" ’ pe: f;:n H fegm,é.on, we n;:ed & express G teems ofX s onstanct the showchiomebric tite .
[ ___ﬁ_C :
Cﬂ F% t b C£ -R—i: Cdead gas) 7 = at ey i Awws me‘i(‘
o et RS S SN 4 A
F7/(1+/xn) &yl n b B Faw G/
X l o \ .
o Ve %f“‘f d¥a _ FalRT e \*/“x")dx 0 WG ke Fere
G kP -Xp i I kP \_xﬁ 3/(F-F) 3F
T % Xn 0 C 0 2°A % ks (:C/ Ft
Goo RT3 3 Xae S ——
= V=18 M X () a1 =X )
Ic P[ 1R 4 ﬂ}o f;ctox[ Fﬂu F;)“*%'(g) ’
— V<l.5633xl0 " .
_ELO?) r(z\('hcwu( Convers;cd § ﬂ(\s P‘\OSQ G ;g
FSM,PM“ v ; 2A ?g -7 = kG, k< 4.045 “(_t ‘Zi.s eas gas Constant P
eed: Sy10 Lot Sure A sy =3
B ) Gay= 50"t ; Wy
‘A"Mvt l‘s H‘-t— ‘;I.’L((’l‘cn.\l (.(‘,1&';/;{(',- ‘f ﬂ:?
V,
- Ex- 03 T DQS(S" eq‘ . -, =X~AE’(_C"$_‘kC;'
S l\L‘. o ¥ % Y T c‘
olution — > use the S(’mgh.g,,,et,“ {able C:(P"’SS Gy i lerms of X Cmp.  lalel Lt _u\ teems IXPE .
far:\ anstant P, ideal jg\sA CGE ;___ q Cp F;;‘ &;“h{i' F&(l"‘r\)
Fre Q{u xg' 0 Al R
CnE='E"C(E'F i G, Bl B
tE te F/(l ~¥Xpe! Ac Fa 01 - 34(;‘
\ =X
— Ce - (n ;;(E o) A 3
-3
X % ~Xq v (=X )
—aSubs(:fufmj n the des{fjn eq- Re ': 2 ) U — __ﬁ%-.—i
[ , ‘- % Xac AR
E:sc[wlnj m;fhcxc( Gauss Seidel with rt(«la/lyﬂq Eln\l-al quess: 0 s Ll 03 ]
sclvia or X 0.585
) A’ e =

@,
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