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Absl.eet
A.lsotptioh oJ hydtu afion poll,atents {Elhat ol end

Butanolt b! actiear?d carbon hatl bcell inveldgatcd usiag a f^'ed bed

coluntrl A' toidc ro ge ef atcentratioa (25 "l o! - t 00 rl f Ag/nf )

were sttldled.
fhe dlntrrtic behatiot ol ,he bed adsr.ber ws sladied bJ

create.l a step charrge in the fee.l coacet rratiot, of (200/4) arrd step

change it tbe feedfloto m1c o{(lao/,).
A freqvenc! reslraase andlysis tws canieil ot t using bo[e

diagran, ihe i*hniqxe log ,r@dalbs abd rhe Phase angte we.a tsed
to ina[tis lhe pocess fiodel. A m.rtla!, paagrqm was asei ,o sl d!
It e Atnomic ,nodet ol adso.ber ,o predit, ,he ,.a,rsi2nt Jespo,,ses, i'
is alsa ksed ta lr,{ the !.eqt?rrlry rcsPoase a16t \b tlsi tg

erperime,rlal dola' The detiatiofi hefit?en theoretiasl and

e\perim4nlaa is agreerr,errl
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l.Intfodnclion:
l-1 fixed bed adsomtion
column

The elficieat recovery
of siriple water soluble
organics is complicared by
seveml faciots. The prodlct is
ftequentl)' ir:eDded for lrl]man
consumption and is reqnjred in
a higlt aurity fon11 withour
potentially toxic impurities.
S{ch requireuents place a

hea\T burdofl on ooaveniionai
separrtion suclt as distillaaio!,
ion exchange. actilated carbea

adsorption and solvent
exfaction-

Distiliation proves
energy ;fletficient be.ause large
qualtities of 1,!'a1er :nust be

vaporized and is funher
complicated bJ'' the prete.ce ol
other cohpoutlds of similat
volntility arld the heat

sensitivit) of the desired

species.
Solvenl extracton

proves difficulties because

soh.ellt vrith a high selectiviaJ
for aqueols organics sho\{ a

poor capaciq, where as high
capacity solvent suffer f.om

Slch inire.enr diflicu lties h:we
led to considerable interesa in
the develolment ol separation
ptocess bas.d on hydtoplDbic
r:'re.,':brales and hldroPLobic
adsortcnt by adsorption
grocess(l ).

Adsoetion is the

inaeraction bef\jree, a fluid
(a&orbatei and a solid surlace

{adsorbent) and it ocflfs on ahe

surllce ola solid because of the
attactive force cl ihe alorns or
molecuies in rhe surface of tlx
solidi:). Adsorprion, was hrst
observed by (Scheel in 1775)
for gases and subseq!€ntly fm
solcrion by (Lowitz in 1785)t'.

Adsorptjon *ifh a solid
such as car:roo is dependeni on
the s$face arca of the solid.
Tlus carbo{ treatDr€*l of watar
involr.€ :he tiq.*d solid
inrerfacJl'. Mafiin and

Bahrani(Jl, lormd that the

eqrilibri m data af adsorption
for many organic pellutants
Iverc c.r{Elated well with the
l.anlimnir ard Fr*ldlich
equa'tioos. Slenzei(6J. Iound rhat
organie conlaminants are more
adsorbai ahat others.
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Ihe variables affecriag
adsorplio[ are sarface area ard
paaticle size oa agrbori, the
solulior condiLio, (pH,
lemperattre al}d adsorbale
conce.lration), the adso' baae

prope ies (flrnctional group,
nrolecular qeighi and
solu$lity), conaact time, Iinea.
velocily, flow rate and b€d

length, nature of adsorbant.
A theoreticai analysis

lnas made of the methods rsed
lbr the puriiication of gas.

contajning impu.ities of srnall
concentmtions. A comParison is
p.oposed between absorptioB
and adsorption methods. It is
shown tiat adsorpljon
nrocesses are tnore
;drantageous rn these cases'''.

Julang Wu, Zili Xie,
Knnmin Guo and Ola describes
a modi8ed headspace terhod
for measnring the adsorption
eqnilibri}m of mixlures of
organic vapours. The advanlage
of the method relative a$ the
ordinary headspace method is
the shorter time needed to reach
adsorptio. equilibrium. Tte
adsorplion isolhenns of
betzene, hexane aod ?entane
on aativated catbots wele
ncquired quicldy and easily-

usiog *is method. the oed1od
has also been used to heasure
lte binary equilibriu. dala ol
berzene- hexaae, belzene-
pentane al1d hexane-penlare

mi\tlra!\ on dlrec t_"_pes ol
activated carbonl3r.

The adso?iioa ol
sodi.lm dodecylsdfaie (SDS)
aftd the coadsorptio[ of SDS
and l-butanol liom aqaeaus
electrolyle solu:ions and f.om

iaroemr.{sions coolalnjrg
l'r+tane on to acidic ard basic
alumi.ufi oxide were
measuaed. measuemeats ft'erc
carried out just above tie l(mfft
temperature at 26 de$rres C. It
is shown that the adsolp:ion
capacily of SDS and b:rtanol
or}lo dre acidic allnnha is
slighdy higher thar that onao
:ht basic. The adsorption of
SDS decreases \d1i:e b.irnol
adsorption increases upon
increasing alcoho: con.erf
traiion'e).

Adsorprion of short
chain alcol$ls in deca.e
solutions cLo kaolinite ilas
been invesaigated bl Foxrie.
transform infrared spectoscopy
{FTIR) for analysis of lhe
alcohol conteff. The a:crhols
were melhal1ol, etharo,, l-
propanol, 2-propanol. and l-
bulanol, The isothears have
beer l'allematically modeled
by {i) a basic Langmui.
equation, and (ii) a awc.term
Langmuir equation, ln bolh
cases. ihe equadons \tere
modified to lake into ac.ouat
the seli-assoaiatio0 of alcohol
molecules in ahe hyd.ocarbon
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solution, The $elhanol
isothe[n exhibits two Plaleaus
of differing extent, in addition

ro a strongl, it9leasing
isothem near the solubilii,
limit(ror.

1,2 Dw.mic Behrripr of
fixed btd Adsorodon Colu ,

Dyumio adsorPaion

experimeEts have be€n cr.riei
or.tl with tie helP of an PT-IR
(Fourier-Tra!]sfotm irtfined)
speatrometer. Iild bed

adso+tion breakthrough curves

werc obtained for ]r-bulan ,
SO2 and NO2 gases as well as

for the reaction Pioducts NO,

N2O aod CO2. The adsorPtion
of SO2 and N02 ofl aciivated

cartorl was st rdied both during
single- and co'adsorptio.
experimmts at l0 C. The

actitraled crrbon used e\hibited
a dfuadvafitage towards NO2

adsoetion in lhat it was Partly
corvefied to NO aad

immediately desorbed as NO. A
ilrther reaction to N2O could
also be obserred. The activrted

carbon was aaPidly altered al1d

lost a nolable Part of its loading

ospacily as a result of the

presmce of $ater and

oxygen(Ll).
The adsorPtion

ehamctedstics of Yolalile
organic .ompounds (VOCS) on

viscose rayon-based actiaaled

carbofi Iib.es (ACFS) were

illvesiigsted. ACFS with
sDcciJic surface areas of 640

m2lg and 1460 m2/g were used

k) adsorb tiace volatile otganic

compoundri in nitmgen streaN
al tanosPheric Plessute at *t
t1ear room ieanperafi[e {25"C
ant1 30t). The er?erirrlertal
results slowed that ACFS $'ith
difGrett surface ateas exhibited

difere]1l dynarnic adsotptior]

b€haviouas at ol near room

tempemtucrllr'
A two-dtrDensroDal

model thaa includes radial

thermai conahEtion h.s been

deYeloped to iflvestigate the

dispersi\c eff-"ct of heat.

including thc effect of radial

temoerarure gradient. on

adsorption column d1'namics'

such e{Yects can be much

sreater tllan axial dispersion'

ihe fo:m ol the bre.skthmug!
crtves can well be represencd

bv the isothermal dispeNed

nius floq $odel using an

lppiopriatell modified

dispersion coefficient. when
,he natu(al \elocitl of rhe

lempelature wave is loser thm
that of dre concerfmtron $ave'

lsdding to an cornbined wave

front. a simple o.e-dimeltsional
ftodel wi& keat transfer to 

'hecolumn wall Provides a good

nredicrion of the d)namical
Lhaviour. llowcver, when the

rhs,ana: fiont leads the

conceaaation lriave (P!re
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thermal wave formation), lhe
one'dimensional todel over-
predicts the dispersion- To
oblain an accurale prediction of
the d],nanric behaviorr tfide.
tLese corditiots reqnires the
use of tie ru,o-dimensional

The effect of dlermal
$adienas on the dpamic
response ol all adsorption
colurmr l*s been investigated
erpeaitnentally by measuring
adsorylion and deso.plion break
through .ur"ves a?d
cotespondirg tempemtura
p.ofiles iboth radial and axial)
jn a series of adsorption
columns with intemal d;an:eiers
ranging fiom 0.7? to 7.9 cm.
The departure ftom isotllermal
conditiofls becones more
proroluced as the column
diarl}eler is increase4 and thjs
leaals 10 lhe corespording
broadeniug of the expcdr.ental
breakth rough curr, eslla',

l..l Dvnamic procels
1.3,t Th€ equatbns of
Transport
Referring to Fig beiow:

A material balnrlce on lhe fluid
and so:id phases contained
wit,lin rhe section dx shows ti:al

ac&&.--rR +/:r'-=0
e, en iI

ltlere . and q are fluid and
solid conae*rations.
respeclivl}ly. r is lhe fra.iitt oi
Jluid-filled space oulside rhe
parti.les, and 2! is rle bulk

density of s.lid particles in ihe
iube, includj.g any fluid rvlrich
the paaticles may ctnfain in
thejr pores. Note alat v is the
average t'bid velocity h the
interstices between the
particlcsr sv is the superlicial
velocity based o! al1 empi-v

tube. Lo.gitudiral dillision
alo.g ihe axis of tie tube is
neglected a.d "piston ,low" of
the flu;d is l}ssumed.
Equation above musi be

coupled $ifi anodrer equation
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representing thc tehalio. .f the
soljd phrse alone:

do
A ^ - ka P (c. q)

ca

ihis eqrBtion expresses al'!e rale

ol additia,n ofsol51c:o lhe solid
phase in lenns ofthe intcahase
ma-ss-t ansfer coellcieoi, *r,
and a ddving force. a(q.c). l{)
be s.lected. Following the
procedure used 1b. Packed
columns operaliflg nl steadY

sta1e. t is brsed ot a unil af
exterior pariicle sdace and., is
the tolal surlace il1 3 1n1il

volume of packed sPar-'e.

L3"2 Dynamic model
?rccess dyrRmics maY

be simply defined as tie aime

dependenl bchavior ot a

process. The dylanric resPonse

of a p.ocess is lhe \r'ay in rrtlich

oae or more of &€ variables
associated wilh a ltocessing a

unit .hallges during the Period
oi tific lollowiag a change in
one of lhe coodilions *li'ectirg
the process .A Plant oPemlor

oakcs changes tom time to jlr

r,arious input vaiables such as

leed - flow .ate atul fced
concentation, from one

operating Ievel {o a new level.
These change cari be eithe.
instsnianeous ot graduai, d1e

resull ls a steP lespolNe data

lhich are oRer easily obtained
bc nrerely tccord!1rg the
la.iabie of i!!€rest lot a lel!
hours or days during plant

cl4ration.
To analysis d1e

fiequency response fiom which
the d,vmlnics charactcrislics of
ahe prooess were established as.

araflsl-er 1urrclion, gaiq time
delay.-..etc. h ge.eel, the

iaansl'er lirnctiot ran be

represented i.tc laplace domain
rs tbllorvs:

c(s)=
Output vsriablechnnge

inpul variablechang.

x{s)
C(S) - 

-0(s)
(1)

Whcre Q: input rariable
change, X: outpnt variable
change
Refefiing to laplace iransael =
t-
Itlrre dl
o

, t .,
su rhat, x(s)= ixlrh "dt

of.i= l-){t). =tat

From sludJing and establishing
lhe dynarnics characleristics of
ihe adsorber one *n desiSn a.
accurate automatic {onjirc)
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control to op€tata lhe process in
desired conditiots.

2- EaDerimental arraneemetrt
atrd Droeedure:
2.1 Materiels
2-I-I Adsorbate

B ano!

{CH3CH2CH2CH?OH)
Etlunol (CH3CH2OH) were
used as adsorbate bec:use of
their indusraial imporiaoce and
harmful effect in waler. it's
prope.ties are listed in:abie (1).

2-1.2 Adsorbeat
Aativated carbon

(supplied by the Northen oil
cofiPany) was used as

adsorbent, it's PrcPerties are

listed in labie (2).

Tabb (2) Physical Properties
of activated cr.bon

Petlet Diameler I l-5 mm

Bulkdensit | 0.4ix1

2.2 Ef,lertftental rrcrk
colum[ svltem.

Nine alrs Ivere
conducted with activated
carbon. Thr€e ru.i *ere .anied
orla at !-arious inital
concelttaiion, three luns ,rere
ca.ried oat in :1rc u.sieedy state
s:ep change i. lie initial
concetlraliot: fot vafiors
conditiolr. Tlree ru. were
carried out G tlle rin$e.edy state
steF change r'r! flo! .ale lor
various .ondition.
labie {3) saows the co1ull:n
syslem expeiimerial dala.
Talrles (4a, 4b. 4c) shorv the
layout o,the experiment-

2.3 Eonipmelas
A small scale pilot

plant of adsorb* was
consfructed to deiemine the
column elaracaerisre of &e
aisorptior syster.. .4 sche&atic
represexatioll of t5e
experimmtal alrangemea! is
sho$,n in fig (l). A glass

Q.V.F. column was nsed
(i.5xl0: m) irtemal diameter.

Tie activated carbon bed 1!?s
confined in tle coiumn by
p€rforsted plate. Three
ihermocouples were located at

t.4/1[r x+ m'

Ii1!ern, 0.16

Surface area 1l50xl(f 6'lKs

Table (I)

Solubiliiy al
293 K (grl00

438
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alifferedt positions along $e
central axis of {he adso.ptio[
coluorr- Heatiag aape is .ised

and a tltick glass - vool tape

was used as zn insulator, Two

Q.V.F. spherical co.tainers
wqre lsed as stolage leseftoils.

Flow lite were

measurcd by o1te rctametor.
The tlpe of iota&eter (Lnb
l,est Q.VJ. and PCO 

^mete.
tube) raige (0 - 0.54 d / i:.)
and (0-l mr / hr) of water. Tle
sollrtion was pumped lrom the
feed co!:ainer lhrough the
ca.bon bed by means of a

centdf.rgal pump.
The sp€cifi.ation of the pump

1. maximum flow rate - l?600
Lr'lir.

2. po*er = 80, 110, 125 watt.
l. Rotaiio.al speed was irsed io

reduced the low rate 1() dle
desir.d quantities. A thlee
way valve3 *'ss used for air
venr before the iriet of the
column.

2.4 trxoerimental procedure.
The solutior \.'t'iih the

desiled corcentration of solutes
(Ethanol, Butanot) was
prepared by using distilled
{stgr in the feed conlainet *e
three way valve was opened d1e

vent direciion (not to the
column). Thc solt{ion was
pumped through th. .otatneter
to vert opeoing for two minLtles

ro atlaw all bubbics t. be

moved ont. The desired value

of l}e llow rx:e ltas conkol€d
i) the ne€die valre, tlle
direction of the thte 1llay value

was conv*aed to lhe colnmn
wli*l co .ied tlre bed oa

actrvaled carbon-
Fot the *rsteadY slale

step change !uns, ihe container
(A) was filied wiih aqueous

solulisn cf soluae cobcentration
(5ll Kg,'-' fol *ch
cornponent). The co.ltaircr (B)
was filled ni& the aqueous

solutior of soLl. colcmtration
(60 (g/-i for each

componer! aftea l0 min :he
three - lEay v'alve was tumed
ro change the fged

concmration lrom 50 K/mi to
60 Kgmr.

For ihe u6'!eady state

step chatge in flo\!' rate runs,
a{ier l0 mitl rte tiow rate was

changed by tle needle valve.
Every: 20 $inutes, (25

mi) of the sample was takefi
*om tlle odtlet of the colllrnn
u.til tle equilibriuin state was

rcacled-
Cas liquid ch.omato-

gaphy (G.L.C.) witl, flame
ionization detector sYstein

using tbe direct injeciion ol dre

aq&ous solfiion used to
analyze rhelss4ples.
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2,5 Atr.hsls svstem'
The eq ilibtium

concentatioq of each of the

studied solution w!3 deteamiad

b1' gas liquid cbrofiatography
(Pye unican Ltd) equiPPed

u.ith a flame ionization deteetor

(I.I.D.) and glass colu:r:! 1,5 m

in lelgth 6nd 4 m$ O.d.
The coiunn was

packed with chromosorb WIIP

000 - 120) 0esh eo,cod eith
3% ov - t 01 statio.ary Phase.

Hydrog€n was aPplied

by means of hydrogen
generato (by Unicam
Cambrige F-ngland) to be used

ill (F.LD-) detector to crcare the

flam by buming with afu. Dried

comp.essed air was suPPlied

ftom a cylirder. Nitroge$ wi&
99.99lo pu;ty was us€d as a
{ralriei gas. The co1umn

temperature was hetd at ?0'C.
Tb9 deteclor and

injecior temperahre were

maintained at I 80 'C. iow rares

of N2, H2 and 4ir were 2030
and 300 l,/min., respectiYely.
A suitable amount of the
aqueous solution (21) was

injected into 6LC unit-
The $ignal genetated bY

the detector wa! prese$rd fiom
ih€ area uoaler fie curve bY

minigator(Ar5Iseties
Ecoiders) calibBtiot of
(G.L.C.) was made bY rhe

iB-iection of a knor*ll

concentlalion samp:e in
(G.l-.C.), the ares ulder lhe

cuive of lhe kno*! sarlple wa'
fec.orded.
Fiom the comparison of the

area uniet the curve of the
knorva saraple w*h the area

undEr lke curve oftlre unklown
saglplq the con€cotratio0 oflht
unknorrx sample was

d€&Imi{ed.

3. Rerulis tnd Dbcusslotls:
3.1 Elfoct of solnte
conetrtrrtlon
a- Three exPetimett$ (Table

(4a)) werc cadied olrt at
dillerena Ethanol and
Brrtalrol coocen$alion
(25,50,100 ) x10- kc I m'
respectively,it shows that
the amount adso$ed of
Ethalol and Buiaoo!
increased rvith the
increasing of iirfluelt
cona,entralion becaus! at
low concerdration onlY
external mass tr6ns{er
€sistance 1{as rate limiting-

b- The total quattitY of
Bltanol rc$oved ftom
solutio, is greater than lhal
of lhe tot4l quanritY of
Elfiarcl beca[se the
solubility of Bur&ol is less

tl1slr tlte solubili, of
Etiatol and the molecular
weight of B]]tarlol is ,rlore
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than molecuiai weight of
Ethanol.

r- Tire dynamics behavicr ol
the llxed bed adsorber is
sholvn by s!'l of
experimentl. The
expeimenls resuhs oi the
responses in the oxliet
ccncentation {)1' aqueous 1o

a step eh8]rge in feed
concenlalion of (Ethanol
atrd Butanol) and step
cha.ge ii1 t;€d llow rate

used at differena initial
cordilions (conoentralion
Iiow rate). The system
responses lrere studied in
both time and lieqLency
iomairs. A Medab
p.ogram used to analyze
the experimental dau arom

adsorber fld to predie.t lhe
traJNient aespouse, A
computer program is givm
in appentiix (A).

3.2 EITect of concentration,
Time Dornain
The sysiem r€sponses to

a step change (209lo) in feed
concentmlion for bolh Ethanol
rnd Bulrlllol al diffsrent flot!
rate shown i, figs (2&l). It can
be seen fiat as the flow rale
irseases lhe mte ol adsorption
and capacity of the activated
carbon d€creases-

To represent the
i1-anamic prmcss model. two

transter aunciion ean be dl.awn
usi1]g:-
a- Bode diag.am meihod.
:)- arocess
ReactioD
Curivi
i?RC)
mcthod.

Tle besl ttanster
fu.ciior .e?Iesents tl* ni.sorber
lor Etha.n: is 1i$1 order {lcad
and la!) s\stem.

r..{r-s+r)
c(s)= j-- -l.lS + I I

Ihe rumericai valtles

ol Kp, t: and t at dillbrent

.low rates are show:r ir Table
( s).

Thc best trarsler
I'unction represents the adsorb$
for Bqaanol is second order
(lead and two legs) syslem

x - {.^s * r)
G(")= , !" .i ' ." (r,s + rfrrs *rJ

Tte numeical values

of Kp, tt.r, and tr at

dit'lere41 Bo}, rates are sho*,:
in Table (5.), '.r'here the transler
f'unction obtained by
PRc.melhod is first orde. witil
dead time.

. K e''
G(s )=, -r'--'-' (r,S + 1)
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Th. \,alues ol (p, ad

and td are calculated Fo]n lhe
process rcaclion C$ne alld
shcrYn ir Tirble (5). A tangent
is drelvn to thc cul'e a! the
poirli ol alimum inllection
lieni-
td: rhe irtercepr of lllis ta.geat
o lhc abscissa ro tie oiiginal
steady slate value

Kp
Output (a1sleady st{e)

JJ-E!'es!-st !s!i-re!g
Time Domain

The system responses
lo a step clrange ir flow ratc
(l0o/o)lor both Ethanol aad
Bulanol ale strr!\.n ir
fiss(4&51.
Tle best iansfer lunclion
represents the adsorbef *l
Erhanol is firsl order and lor
BEtanol tle lransler innctiorl is
second ordcr {lesd &a\ao lags).

The nulneri:el values Kp, f'
L ano l. Iof llosro\e Sten

.,range are sho\-!.n irr Table (6)-
F.eque&cy Domain
Fisu.c: (8,9) sho$

b.de nlot fo. experinlental data
3r positive step clrange (i 09,o.i in
flow rales.
From these lig res ahe lra.siar
Iunction obtained is filsi order
ilead and {rg) fbr Etll3nol. Bur
for Buranol- the tr[nsfer
fuGction is sccond order {lead
& r$o i.rgs).

{. Conciusion
The present work

invoh.es studying ol dynanri!:
heha\ior o, qdsortff from
experime[tal rlork usitg
lvlatlab Prog.anr.

the aollowing
aollcl sion have been made
tio l the (esuh obtained:
L Therc is a general tcrldencl

of increase in adsorplh.
.apacity with increase in

A Input ( at sleady slate )

Kp: is a stetic gain.

a
and.D =-,S
where S is the siop ol ihe
targenl,
Frequencv Domain

l'o sludy the beh&vior
of the adsorber, lieqr.rencl
analvsis teclmique \vas used
namely bode diagra$.
Figures (6 & 7) show bodc plol
for exlerimental data positive
$ep change jn feed
conceot1 alion.

By analysis of bode
plot, first ords lead lrirh lag
tralsfer flrrrction rl,ere oblained
to rep.esent tie adsorber for
Ethanol a.d second o:der (lead
and two lags) transf'er timclion
were obtai.ed for Butanol.

'fhe numerical values oI Kp,

r iulo l- are sno9n In taDlc

(5)
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moleculer weighL Iow
solubilities and low Polarity
so adsorption was found to

Paoceed ia order Buta&l >
F-thanol.

2. ihe capaoitY of activated
carbon increased vith
increasing influent
concentatiolr ald itrcreasrs

with decleasing *le flow
rate.

3.The transfer fifetioa
repleserlts the adsorba for
s(6p change in feed

concentralion and flow rate

for ELhaooi is firsi order
(lead ard lag) system {hich
is
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Trblo (3) colulDD system erpedmertal dat!

I 318 2.0 6 ,1,01

2 50 318 2.0 6 1-OX.

3 100 Jl8 2-{t 6 ,1.0

4 50 3r8 1,5 6 4-$
5 50 318 2.0 6 4,0t

6 50 3lE 6 4.01

1 50 31E 6 4,Ot
fl &t 318 2-0 6 1.0

9 50 318 IJ 6 4.0
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Tsble {4t ) lhe layout o,componeDt variable concetrtrafion step

he

'I'2ble F4a) the Isvout ofinitirl varillrl! eonceotration

0.6 1.0 1 19 l{t

1.: t.7 5 72 t7

,.1 1.5 6 1A 1li

3.6 2.0 7 35 l0
,1.8 6 2.1, ta t8 {.1 3E

6.0 2-5 IE 5' 50

7_2 8 {.0 2a 7E 65

8.{ ,6 t2_0 .10 l5 88 76

20 16,0 L 38 9.t a2

10,8 23 17.0 45 95 E]

t2 23.I 17.0 ls,5 {i 95

'i"
,i*::l

i.;l

r

25 t_5 7 6 3lE .i.01 [.1
50 1,5 3lE ,u, t6.9 ia'7

t00 100 1.5 rt ]t,t .1., 30.0 95.{

!I 3.5 2 5

1.2 20 IJ 3 10 7

1.8 19 ,1 ,5 1.3

1.t J5 1t 21 6 19.5 7_6

3.0 ]E 11 3rl 1.' 12.4 l
l-6 t2 ,2 3t t0,5 2a .t

4.4 .u t6 16 t2 ,9 6

17.5 l4 31 17

5.{ $ 39 11) :t I2.5

6.0 i2 4l a t.5 2a 32.6 :16
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7.? 32

7.4 55 50 36.a 31: 26

8..1 5n 51 15.6 3E l6 JN

9.0 50,5 5l 45 ,10 36.5 1:

9.6 5? 53 ,1{.5 t, a7 32

t0-1 l, l7_5 3t_s

10.E 5i tr.5 17.5 t, -tti J3

11.:l 5E t?.5 t1 3il

r:.11 58 51J ,tr.a 11 38 3l

Trble (4c) the lnyout Df compoDent variabl€ tlo$ rete st€p chrnge

0.6 7 t i ,.2 l
1,2 l*.1 t3.8 10.1 '1_2

1.8 21.5 16.4 t5.5 t0.l

7q.1 l?3 t1_{r l15 4.s

3_0 :t3 2t ?3.4 t7.0 5_0

t.6 36.5 u 26 zo 2q

19.s T8 ?8_5 ,2 ,
'L8 1t l? ll 3 I3
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5.1 12 35 2a 15

t3 3i 26 t8.s

7.L .r5 .ll fi 22

7.4 13 33

E.{ 6.0 41 3l l.l

14,1 t.{ 14.5 29

9.6 3{,1

10.1 33

r 0.8 ,t,2 ,5 l!
ll_-t 162 .l.lJ 3q.0 3a

14.',t t4-r

Tibk (5) prranet€rs oI trnnlftr ft..aion for stsp chrnge (20%) in

Kp rr f" t. Kp t, k1

E.ha.nol
2.5 Ill l0t]1.8 1012 I 4.3 l0
2_O lo-2 It)2t.9 4.1 1025.0 7.0

l5 8,2 999.5 t869.7 3.4 994-11 :.0

Blranol
2.5 lftg 2 17t 4 105.8 5.2 31] -42 t00
2.0 17.7 120.',1 8J0.1 820.+ 4.0 4ji.6l 60.0

1.5 q2 780 ll r640.: 1570.5 l.{ :::.i6 100.0
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Tatrlo (6) p*rrmeters oftuns{er fur.lion lor step charge (tByo) in
tlo* ret3

Parameters Kp T1 7.. T1 Kt) T, rd

F-tlanol

9.5 45 1046.8 2200.6 38 10E5.71 l?

9.0 40 I058.9 2120.3 35 1060.60 8

I5 36 680.4 21 331.5 6

Butanol

2.5 41 I i29.3 ?J00.2 2150 i7 1233.33 2Q

2.0 4l I12t.8 2000.9 1860.6 l3 1178.57 '75

1.5 30 289.2 620.1 602.4 18 300.6 5
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Erc-4-Ir!4b*, Yq]]

Fig (2) outlet conceniration re.psnses olEthanol lo slep
chanee in feed con*ntradon 120'lo) for dilf€rent ilo\r ra&

Fig,(3) Oull.t conccft.aiion respsns€s of Euarol lo ste! clange
ifl feed concent.,r;on (20or) lor difle.ent llow rates.
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€t

*"",1
r-"1

Iiq-ll) O !e! eon.aDtrttion rNilr.is .' f,thtn't L sf'n 
'hane 

in tuM nte

z<

8,.

e"'
9"6

ffi6il"1" *a.i.p.sris olE lt'ol to stt! 
'h{rge 

in floi mL
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ri""at e.d. airs,"..' ourle ro rGndUon bpon*' or Errrrcl 
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{el
chdnlc,r fus *re (10" 'n

Fls.rgl Bode dirsd, I ourter o1q'nraton espon*( 'f LrMol
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'n 
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Append* A
Preqnancy Resporse prog.aB

t=10;.60; I 20t LS012.t0:1.00:3.60j4..?0::l-8t:j.40:6.0tr660:7.2017.80:8..40rs.00;9.60:1O20:
10.80:l L40:l?L
CONC I=[7: t 8. ] 24.5t29.2tj3ij6.5i19.5;4 a t.12::1.i;4.r:.{5;,16.i:46:46. I 36. l::15.1146.2:.+6::
rh ,.4o 21.

CONC:=l4i l r- I i I -r Jr20.5j2l.Ji6t28 aa3 lllj t34t35l:5:l7;37:l?i3?.5:18:38_5;19:lr:3gl:
CONC3=[j r7.2: I 0. t] 14.5: I 21A.22:23242621..2i.2a:2a29:29.ii19.5 itoll0!0jjoli
s*10:.lt-li.l; I i. I j . I j . I : . 1 : . I I . I :. i : l;.1:,1: li.l;.li.ti.l I il;
coNCr=(coNCtT):
CO^'C2={ CO^"C?-4)r
CONCI={CoNC3-ll:

r=,(l)i

ebplotc I I)
plo(!CONCI,'.r,t.CoNC1!,.r.CoNC;,rr)
grid
lc8erd ('z.ir t Ot6','2l 10^-6 .'i .5r 1016')
tirt('AD[rsoplBnR )

)iabel('CONCENTRATION')
srbplo(212)

gid

r_label('Step ir|uf4')

y*detrend(CoNC I )i

Fay ulr

wJli

s=spa(z-20,w,ll.ts)
l\,,mag,phasel-serfi{s)l
db-20*losl o(nas);

nLF2;
nk=0;
z:tv.]\
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rs=60;

iw.mastuodel.phsemodell=setmfl od.l r.

db-20*losl o(nag):
dhnodel=:l llog 

I (mag'nodel):
clJ
s.bplo(2rl)
sdilogx{vdb,L',wdb odet,- )
liile(Freqlency Reslonse )

erid

xlabel(F€+encY (radkos/se),
ylab€i(Log Modlhs (db)')

sef, rjoEx($.pha*. r.w.phssmo&l r )

sdd

xtabel(rr.4ueDcy (ladia.gse))
ylabel('Pl6e Angle (degrees))

fprll{2,1)
ar-&{l,l)

lese {D.ta.'Model'l
tirie ('riara vi6us Fnsl-order Model Predictions {d= l6 s€c' })
xlabrl (Time (sco ds))
!.'label {'Oulpuf)
eJid
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