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Vi REACTOR [DESIGN
v RPoblem Sheet Nod ¢ BATCH REACTOR
Dr- M- F. Abid nin . -

@)'rhe ;i‘i'E‘.fE.rSfHE ans—PEuc'tinﬁ A 3B will iR ca IQT-i oul
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A s ﬁma\/dma,mﬁ "y sjgtz.m corituing 40O
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Dr. Mohammed F Abid
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bidadiene -Frum butene ba_‘ the '-'Z_llm.--'Flm:-E reacton :

Hg— GiHe + Hy . The campusl'u‘:itn of the Fead & 10 meles

&f S‘b\iﬂ-‘ﬂ per rﬂnge r.{j: bUtﬁnE and no l'iu.b.l.cla.'@.ﬂe o h Jﬂﬁ"e’ﬂ"

The reacler {;Pu-u,bts ot 2 eEm. with an inlek E-Q,L:{ .b,_mP

o 660C.The reaction rale %Hew’:‘i o Frste.opders

Trreversible el uakion for which Hhe rate constant K as

& Fuaction o tﬁﬂpwhum 1S %
TG ] € 50 627 604 %ﬁi sﬁ‘ﬂ
K,#| (1.0 49 2.04 0-85 6-32
(K= %H\ai h.ﬁmrmxchcl/h.l;m«.W) 5
T e heat c? readtion | be token os cens tudl iMJ "
to AHg = 26360 ca/qmol . Similarly the i{tt.&;fﬂ.. ﬁlﬁ.‘
eg he !.‘quj ey b &%:lnl, tmxi.":%t uucl e1u, o-b Col ,K .

th,t wewld be he ctor velume wired Fer a

@ Cenvers or c& 107, ‘jh'ﬂ-—th\& » ]; m peacter were
operaded Tsethermall ﬁ ok €50C with o bulene—
plas- steam roulr off 22 olfh T

@ For adiabatic E‘-'Ptrvr“\—'uﬂ Serming r«m.in vehame
-le" B Convayrsion o '201_, ?‘ butene i e deed rate

;;r &mcj::al o'?‘ butens per hewr and 20 C&ml o} stewm

/Gj Ethy ’["r"""—r& (s to be produced from ethanol ond formic

b o constaat temperabuwre o ?JDE_WE vencbanks will be
Fed te Y peacter in +he pmpnrt’\ﬂﬂi { wel HCOOH:
5 mds C:.HA,:OH ntu-c.nnbimd Flow ke ﬁi’ 0-F1 nfrf/h.
The reacktion will be Cu..i.'-ﬂj-ljsed b:] o small ameunt of
ﬁ'th‘rhb‘"‘t acid " e vabe  equabion clﬁhi'rminej j}bm smal|
sl bn_b;"u: E:sperimen\:-a as been found b be:
(-ra)=KCy 3 w'n-ew_j-a (=vp) Kinci fovmic agd rar:tina
';t:rrm‘t.'. acid K Peri ¥ C'H = fm“('i“thq'h‘“n ':’('
. ; 1.;5\ "'I'\O'Ifm ,uﬂc} K=12-8 ';—l'[',"u' *ﬂg/ﬂmﬁl‘.g
e desily o hewixbwe s 820 KY/m®and may be
ovssamesd consTrat “‘d’bu‘éfb\ou..tr
@ E.;‘h'ﬂ'n.t'-ﬂ'lﬂ velume .,S Hae reactor uired to convent
ol o e Yormic wcdd bo  ester 'e;hjﬁ-&ﬂrmiit) ;’f
® \J e reacker consists of o P pe & B50mm inside/
:uﬂ.n\g_k-k’.{- w’t\q_t \-l-":"-"- 'ﬂﬂ. A\ !h:i-‘\'ﬂ_q "Hé.ﬁ‘jﬂf\ H"E}_‘A‘\:?‘i‘:l
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; @; Acg‘tiﬁ Anhjcll-‘l'c;ﬂ. Vs hjélreﬁjse.c] I::J waltey ' accordanee

W:'Hr". '-"“ﬂ.q, Qg:ir\n_ﬂdﬂ -
(CH+»-C). O+ Ha 0 ————— 2 CHaCooH
Theveockion 1s  irrevessible and Best ordes with r{ipect

to acelic ﬂ*:ihjf}*‘;"-lﬂ . The variation g'-he reaction rate
constant witn Jﬁmf-w‘burv_ is as follows -

Fowp. C 7] 15 | 20 4 25 | 30
Rate =}
consful, s 0-00188|0.00263 | 0-0035)

A bakch veactor for carrying ot —He in.jgirnﬂjg.ts is chunae_ql

with an mﬂhj&ﬁtée_ solution cuﬂ'hﬂhiwﬁ_\ 03 Kmol /w3 ak i5C.
® “The :?aci%c healt j.ué density o) ;lhm reocktion m"?#"“vi u.;t

.B K Koan 10TFO Kq/m - respectiveld:. We hea
B8 %d ¥ -210 ﬂgé H'I/Ktt\al . ﬁ:j

ie the veachor

¥ 9,4:‘ : Bﬂi’ﬂa.“j i e -te Lime Hﬂ:ﬁf‘ﬂ
by % [Liat-1
1S nPE uj: n-.-;s'Lm. | 3 €5 : ) : 1 |

o -
gcor 80/ convexsion ©

R-,—_ QR T ::nf.-fcﬁm.:l- £ -
OG’ The Jstermic elomentory \i ‘J-,-[;hm
) is Lc,:riicfrw’t' in o C.S'T;uwhlc.h s heatec) 'bdﬁ.. steoum
e resctor. The reactonts

J@_I‘_Hft on Hae E-ﬁeri‘c‘-‘r‘ : !
cgn-bmffdﬂt:} gn\j A MA E-,, aye J. n 2 Hlmﬂ-lﬂ#‘ coﬂim{fjrﬁ
T'l‘_nw_'!tﬂif‘ - u’ﬁ'lmmgl:mi 2

: o e
?_?]mal/‘rl:w ak E?C“ :"L?T\E 1ohel reackor velume is 1200

& 2o Vhers/mi
ke @ 30 /nugtidsfbo Mc}%ﬂm{h%e%%

o-o0013 4

rq,o.c'ti'ﬂﬂ A+ P)————) £,

I'LB\"S' The 1n\({t cr.ncl > s

ol gt oF eyt RIS

e ! : : e om :
dor e o i gt T K wHEP)

ind :':l"n =148
® 'LP@E?‘EW?;? Aime o Aeglect .
@ Cﬂ—lcm e, rep.('ﬁmn fba.«n?-arn)(\&m -?or O szx..fﬂ:z‘iwr". o
gol, of A when W= ; %&m?-) = 500 ];J(_. Lk
E(ackivakion energ) = 2400 Co—’-/ﬂ“““‘ s K= G*vj’?ﬁ *”/a'
(ak '?_'—}’C) jﬁhHR‘Z 10000 Cu.i/ mo | A Qn.?"i ?C)_, '
Crp= Gop= 2° Ccdl/ama\ W5 Chig =20 E;ﬁ/gwj;gﬁe;ﬁt
- Heok ‘J‘fmf‘h‘;gﬂ.r- e (A‘)= Gma; Hgﬁi. Hran Co &Ci -
(overell bokwean \remcAor and q.-‘;-epm) L\ = 1000 C /mn.m 'S

(2-5)



@ \ﬁ,u QN2 GPU‘ﬂﬁ a. bikch rector ond +he resction
s S—iirstl ordes 5 liguid phoge and exsthermic. An eyt
coolent is added 4 dhe reoction mixdure te cortirel

Hie temperature « The tewmpenahure is K«e.\at constanit
'9:_’] Vﬂﬁ*glﬁ% ~the Flow G‘f*“‘\t Cumtn-ﬁt . Cn.lful;tz
dhe Fowrdts o Ue coolant we howrs after e
ot of Mo reackion: A—9p B

Dq:tﬂ-. "
'F-l_'hﬂf'&-r'nﬂ"w a? r‘ea.c‘.‘ht‘on m‘i}{l‘wr-q m\dl C.ﬂniﬂd'\i; Wy~

160 C amd 80C heaPe.d-I\tﬂga .

i ek 4 *w}n and nlm%-?.{"a n? al]l coempen axR
= call %-C and 5o %"/h""'\" V‘E’*PEGE{ ;

¥ H*»‘!-_'t ﬂ? reackion (.AHE) = -2 5000 cak ca/“°*~

¥ Re_nc:l-i'an wf’(E aaﬂs—}aa’h (q}i‘ I_CJQC_] - |-2¥[E ‘,SE_C.FII
Igh’imﬂj . Vesse L conteins onl

g ~Hae in ?ri'mq caﬂcemkwl;?o?x ::P A =05 _‘311':“-"_’

l_nfl;iq,Q H;‘-‘_a.o}faﬂ \.,’cr«{'-kw‘f = 50 “‘l:e.:,i- %

@ﬂﬁl -phose reackion Ao R 45 s capried ouk
in Eubf’tth reactor with wibia) conddions a¥ '1;_':__3001{;

+toto) presswe = 5 akm » and Far vall:»mi &‘F‘ 0-5 m!'*_l
~The reackion AR constonk 15 ¢ K= 10 EKF(-lﬂumeJ g
“The heat of renction 15 —1500 Kcal/kmol and Hhe
hea't capacity & Ko R,ond S ore 30,25, amd 2.0
Keal /Kmel - K m?e&?v@% . i
@ Cn-ﬁim,ﬁ e M MUF&'I;T'&D‘- .‘?“'f" 'Eﬂﬁﬂrmmp\
conditions LF he coaversion is 80
@) ComPuji HHre time "'*Ecku.]‘r!ﬂol\ Fuh m.oll-ilmfbn.t“: -
Conditons i+ e conversion 1S 8o /, -A‘ﬁm

calcwla®e ¥z cw‘urnﬂ,l rale. ag heat ka&t._

B 75, 7
@ Iﬂ Hae presence c.g wok2r and HCA (ﬂb o CﬂﬁlQ‘j‘&'t-) +he
pate 4 esteridicatlon W %m:ﬂ/(htw)(m‘m) d ocetic acid
and tJ'fHJR. alcohel at 100C s 3@&&1 l":‘_\_ -
rp =KgCnCon Ke= 436 $10 l-"'-"'i'r/{'mh)fﬁmoﬂ

e vote u; e veverse reachtion j1s 2
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rj- = K¢ CEGV " Ky= I.Etﬁrfﬁq"'!ﬂ%/'miﬁ)gmﬂ])
&
CHsCooH + C2Hs0H === CH3Co0GoHs +H20
H betch oH E W
@ A{rmdhm* Is c.hm'geﬂi wi-th m-ﬂsn\aa; an agueouvs selubion
Cnn‘tu..?n;nc.} B KE. a:Pn-ce'bit cu:]cl_, IBI-EEB o eﬂ‘ﬂﬂﬂ alcohal
and o -;Pec?gfl: awmeunt .;-;'F Cﬂﬂt“&p;jit' Wln will be —dhe

conversion o acekic acid o ester after 120 min-. D-F

reaction times The Jensity e ke assumed  constadt

and equal Yo 823 KI/w3.
@ Wlﬁt s —the a:Td liBiram canver;-.‘an'?:’

w ')
@9 You are cpem:l:-' o batch reactor in which . )

iquid phose endsthermic reaction ApB+C is being, currie
ount . The —kampamﬂwi"e is KEP't copstankt b ngﬂa‘—“h{

cheam presswre (E-EwJﬂ-f.KaJE temperatare sgw..amd.‘v?_.
Hae rﬁnchr). In addi¥ion +weo streum of inewts (’D)
and (B o= Red to +he reackor at constant
rake < . Calewlde  +he jﬂ--‘:lr'{et Fomp eratare when Hhe
convarsion hos  rescheol ao b

Addibiona? Dot
Tempurahure oF reackor = 120 e -2 i

® ,{Peci - reaction rife ek 120C = 5¥10 v
THT{:‘*Q% + bo I ke o‘:P A 15 Frﬁjen”t at o
ConcenArakion ,«f* I ?ma/l,‘#,r-\
DCW";:H G—F D...H CﬂMFunQﬁ - G e /f:.}_{.ﬁﬁ
UA [D‘u’i{*q,ﬂ-ﬂ heat Hrams C’aaﬁﬂ“c{.@ % h%ﬁ- Lo
Mﬁﬁ) = 925 Cmﬁ/min-c
Eﬂal{j"'('kﬂrmiﬂ L‘\{'_p_,’t .;3'? r{!ﬂ.i."tfﬂﬂ ot 25(::'?7"30 50 A

CCLR H’\i}[{
Heat cg.{m.c:%j ﬂpmn Cum‘)anerojs's = 25 j/gmﬂi‘. 4
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- @@ e CA&.{ Pha.-;-;_ '.-Lg_a_ctfm'] A-—P 3B s 'ilﬂ-i"‘rl'Ec-}
oud in aconstank- volume betch reachkoyr -

Tre initinl concentration e A 2-1—.;:;!/.:1“-,3;
and he E(jﬁt%m contains 40 £ inerts . The reaction

rate conctant s ©d mel dm>min - Calewlafe
Uhe bime needed to D..Eh?{("?_ 82?7: -::.:-:Wﬁfan.

& b
() #n endothermic thind -ordet ity Bh—a2B3C
1% f::f\..‘l"'t"ite‘ auk— In @ batch reackore | N
reockion WK are. is heatedl Eill 4oo C The
Feoickion —then proc eeols mo&iﬂﬂ‘ﬁf‘ﬂ%—&r Duvi:&‘
e \’”‘Qﬂ‘i’i"‘ﬂ""“f P%iﬂd s 10 MG‘Z»{‘A 1S cmweﬁt,e_ .
F;m —Hhis NS ON 2 Whtﬂ' | <, ke time
raarwiwﬂl Ao pesch & Con VS ion 5t T, .:QP A-
“The *EPECI e hm*: Mu\ wARss O +he rm.r:‘i:'.‘on

mixdwe e 0- 59 KcaQ /Kq- K and 350 1
The volume mP e yeackion WX Yuyve s Cons wh
C‘l mg*) amad e number GP woles c‘ll‘\ Fk in'iﬁ-!n.'i‘g
P 109 T"\MEII"_[—KE l‘”r?.a;t c’$ T‘Eﬂ..{‘!;'u:-n h:am%
n5e00 eal Kol = he Variakion el —the

rafe  constant with *ﬁmﬂ{}mhﬂ 5
11-’1 K .___(_, ;Igﬂnyﬁ..l—- + 5> [k (M%ulj/-?]

@9 “The irm%rﬁ'l\a\-&. ?g’*IK}MW reaction Qﬂ‘rP)-—PD
Vs 'Pfﬁ‘l'. mﬁiw n ,P; QAN 'E‘\tﬁt ordey 1n E’w;—lﬁq

rackion (s Carried ouk Tsatherma ot F24C

and ab o presure of 20 abm T he Feeol
consists o 410 N s 4\Z > andh 182 D-

Tle yeackion valis constank s o-ol x:}w/am&-g.
Coalellcte Y Alwe tved 4o ackieve 757
Con VTN ot e \'im;’l‘qm‘c?a‘ reocka ik .
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Reactor Desien

[Rblem  sheet No.3 - CSTR
Dr. Mehammed F. Abid

Q
) “The 'Fol'tow:ﬂg irreversible First-order reactions occur

at mﬂ-stmtdugﬁ:'j: A_K . B “1'LC
Ky= ©-15 min~ s Kz2z0.05 min!

This vesction s teo be Mn_gj'ﬁ-?_(_l i o Conbinuous — c'
flow reactor (CSTR) of 10 M* volume with @
Volumebric 'Ftecl vale o{ Emyﬂ'\iﬂ ond  Feed G::mf:u&-i{itrﬂ

CA:Q‘_ and CE:_:C-:G - D&ﬁrm;\-ﬁ: the S-ﬁa.lEct-.'qi‘ij

G‘F Ecﬂm‘!-c:-ﬂe,ﬂ{ E; o

Q})FI_EE ?lﬂﬂm*lhlr“] 11“1,\4#"]-[:&‘1:&1?_ l"e.ﬂftllﬂﬂ A""‘&——"C

s carried ouk in & backwix veackor (CSTR) . The
Ent?_r‘fﬂg concentralions c:F strems A el FE::-&-:HE beth
2-0mel /dim® and e resckion vt constent s o-ol

glmg/mi.mt'ﬂ T e stoichiomekriC I:v.&l o the
reac ber 15 lo<0 ""ﬁl'A/m:n P Cﬂ.QfH'IEﬁL .
@ 'Tﬁ::;-_— hEu.ctur vo lwme 4@— -:-PMQ—HME to mt’f\ii‘v‘ﬁ
9o [, conversion «
@Af-&wma-ﬂna resction = TW{*";”‘”R with KE: 2.0
( dmgfwl . Gulel T Fhe uin-:l;‘oirwm COMVS 1oV
__  and He CSTR volume necessary +o ﬂ-ﬁlhl'%"ti/j

qﬁz of Fhe Eth”;hfﬁuh con Varsign - .

Q) e U q:‘l_?hu.ie, reaction ZA—-——IPE: is carmed oud 0
ewo CsTRs & different sizes (V] ond -V;.,) which are
connected in series -

@ D"‘-‘-"‘"“ﬁ EKFFEEE':MF; aF X, and Xz 'Fﬂi" each tonk as
Function of V,ouz .G, o rate constonts (K, 9 IK2) -

@ I’F Hhe volumes of smaller tank and 'lnrﬂ%r oM. ere
30 m¥and 100 M respectively 5 Us= 0. 3900 MYs
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-l
Ki=Ke = B ¥I0 m/Kmel-
Cfﬂﬂ-‘: [-E’]— HMﬂ'l;fmg 3
‘—_I‘Jm-.m nwmeﬁcaﬂg Hat F’luu‘:.';ll'ﬁ'i‘l'ht -s-mdi% 4an K
ft’rs:‘b will S;U{’_ h.‘ghw outlels conversion %wn “he
aj‘;t&m-

G)) 14 i desired to producs |95t¢nﬂ{jemr of E_%j_!z-mz

glycol wsing 5-1512-«-'1 o CsTR which is opevabed
isothermally . A | Kmol/m? solutien of ety Lene. oKide
i waker is ted to the venctor tﬂsdhw with an
equal volwmeuric selution nF waker {;cﬂ'l‘ﬂ-fﬂing 0-9
w'l’:?_, Hios04 o4 Cqﬁ.‘l\g-js't . TTh readrion (s =

,-'0)\ ' 'Htﬁ1‘]'
CHi— CUa2 ~ HepH225> H. ©H
A 3 C 1

Tle veackion pelz canstark 15 o3 min
@]'F B0/ cownversion 1S 1o be achieved »deteymine
e VI€ Cessowy reactor o lame-
@ iF two oP i“?m\‘-j volume, CSTRe (:e.n..cl—\
gooocdm) are m:-rmﬂﬂ'-'_cl n f’m”ﬁlywt\it

would bae Hhe conversion n'l:‘%\.e. tmiﬂumt g

@ l[%& +wo reactors v @ aye m'rtmaed
@) n ser'es _;;dld:‘-‘bf‘mmt the $|'an ConvLey sIen .
-

A *hﬂmﬂﬂiﬂﬂ.nmﬁ “qu'd thfr& reaction QA—F‘R
wilh o rete u‘_mj’im‘\ (—PH}: T Cnl talkes Plﬂ.ﬁ'«e_
with BHBO f_; Convarsion in o backwi X veackoyv
(_C STR) ,whet will be Me convarsion |{'

"'Hf‘ﬁ.. 'r-w't'nr iﬁ: 'I"";‘LP'IG..C'E.FJ b L. F:’F-R ({"\Lhﬂ'ﬂ.r
rma&:‘r) of equal size '!%J all oter conditrons
i‘wm‘mn% mnd\m?jq_cj L7

2 oF &



QyAmﬁc mhﬂdricle, 'S hjdmﬂjzecl m Haree bockmix
veackers ( C c..ﬂ'_'l._Rg) ﬂ?ﬂf‘ﬁ.’btﬁl o 52\";’{‘5-—1-‘_1.& ‘F{?_ul
jlz.\caw’s o the &r‘it veactor (V= | “Ir‘-‘i‘) at o ol -::rF
doo c:m?/mmfﬁe second and Hiird reactors have
a velume of 2 omd 1-5 II:HVS._, rﬁFEtHW‘Q'ﬁ mtﬁm‘ﬁiﬂdmﬂ
s 25 C’a_rli-cla.‘b-ﬁﬁi condibion  Hhe

irreversible ke constant is 0158 wainwTl L
@ lAS'L ; rﬂ-Phimﬂ methed 1o calcladT the F\"U\C‘:fcﬂ
Whydrolyzed in —the et Muent myjtjkﬂwo\

reacker e ntial concentirakion o s M.

Suppose Hak e First reackor is o perated
at \Q C_;--Hme_ second o 40 C,and He Mol af
Q‘BCITE a:.dd:h‘uﬂﬁdz rEﬁI E¢n5M5 AR
0-656 F min ' (ak 10C) end 0-38 min '(k 40CQ).-
Dmt‘ermini. M F-@,c-];.‘un hjali“mﬁ_jﬁol v E??\“mt

Tr‘-um e fird  peacker .

;:5'&'_ IV ic’—Phu.Sia_ second erder ‘rreversible
reackibn A— »2B (s to be carvried aul
m¥o al-sized CST Rs connected iq

series.  hWe two reactors will be hﬁ{ﬂ,ﬁﬂq_;(j
to opUT ot different temperddares.
“The vreaction r-ql‘u. in each reacter will
be Hie same « The volumekric ?(Ecl ralz
Mcj ‘e {nitfu.l Cﬂlﬁimt’f"fﬁtfiﬂﬂ-‘- a{‘ ﬁ oA
26 \C%:@*‘/Se_t; and | g'ﬂﬂl/li{:w "“PEEH\&{\J.
“he second i"E'.ﬂUZh’*" ﬂPtmbts at 2o C WLE’.VQ
Y vreackion rats Cﬂhlﬁ‘fﬂ-ﬂt (s 1-5}’? lit: mol. s
mcl Hie velume ﬂ{\%ﬂ- reactors to achivie
q0 [ conversien VP to second reackorTRe
ackivakion MWjj ‘FOF e reachtion s
70 KT/mels Tind alse Hhe temperchune c,?

e ?—{rs’t reactor -
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%Jntdﬁl (\Ep-tfmus solution dou.s:e‘tl't G.nlrydriclq_ s to be

hﬁmﬂjze,c.l cartinuously a
; at 25C- At Hiis temperetu
" inisasly wh perabure
f:gﬁ) = mﬁ? (%, = dﬁiPPmm“& Jﬂhﬂhﬂ drise
= 0O~ wmol : ; i
Cﬂﬂcinfmtfm U'r mﬂ?‘quﬂ‘!.lim ;: WA 5 :hfﬂa% I-S:C::\‘E..
hﬂi_‘?‘ b'it.":r-m:te_cj 5 500 Cm 3 ./Bm- 1?.” EJ
with M'chh-fc]t concentation Gﬁ ;/h;m s g
There ave +wo 2.5 |iter and Jnnie 3"‘“'/‘"“3'
V'EL‘{'tl.qﬂﬂ V’E._ﬂ_.gqjg o C\S ‘l:wbulnr cfhﬂf. (2 ‘A:'E’(' as
o bokdh reactor owvailable . ktﬂ'w&d.w s
® S ngtec] £, ot Tina¥ Fractiond
q@gnt _1.5 Iii:; reockor was used as o CSTK.
@5$Eg_5 iher reactors Were used a5 CSTRs i
@) Two 2-5 liker vRactors Wk used a5 CSTs
n el .
@One 5 iter reackor WS used PFR.
(5o 2.5 lber reactors were used o R

Series -
@T\-a 2.5 liter reaclors Wae wsed o FFR iy
® Pm—m.“e‘-
@ Ore 25 ter PFR was followed by & =5
liter CSTR -
@ O 25 liker CSTR wos Followeek "’-‘7’ =
2.5 litr PFR.

i wid '
Tl T
Q ATwmixture s L-_J ot Hhe oz -a's: 100 “"K/h o
_.;_;huf-—stag,o_ CSTR battes ZTE'{tFFIumt me
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qoing 1o the at‘amgx. tankK « This line (s 2-5am

tsiche i =]
Ay omd Boom Iﬂnt}- I he oo Tion
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f:l; A s -5 k"‘“ﬁ‘-*l/'rn; avd Hiose aF C amd D are.
zero T The specitic taction rite (K) in e forword
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Clo)

I he 'C'.t‘liﬂﬁntﬂ.}’“:ll Irrevers: b le Urgmit H
reaction - A"""I}) C
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Fee_f_l ' A and B5 eabers &t 50 C ﬂndn. velamekri ¢
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o ochianve ‘E‘E’Z C Bnves (evl whey “he veackion
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