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INTROMIMCUICEN

Avcfraprapliy ponicelan MEES, loczally known o Hompedo Bemd and comomonly called gy B ol Biller
grows widely in the tropical arce of South East As, India and Chizne with anoual groewth hisving 200 70 cm
heighi. Tr Malassiz, this plant has boen extensively used o7 wadicional medicine and help agains) lever,
dvsentzry, dianhoca, inflammarion, and sore throar Funhermers, il s o promising new wiy o Lhe ireatment of
marry dizeases, including HIV, AIDS. and numerous symploms wssocialed with tmmuone disendece [L].
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Three min diterpenoid Leiores wlentified in fhe Awdeograpfols poacelaia leaves were andrographolicde, mece
andragraphelide and deoxvandrogropholde [2, 3, 4], Aodroarspholide, which is prosped as an unesiouciaied
iribyd iy Jacoone bas molecular formula of CableCh, The meleculio structers of amlrographolids @ shown o
Figirz 1. Andrographolide cun e sasily dissolved in methansl, ethanel, pyridioe, acetic acid ool acelonz, bul
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shghcly dissolverd in ethor and water, LThe melting poinl ol tis snhsrance s 225° — 230 *C, whele s aliravialer
sprolowm in clhanol, A is 220 i [3]. Hitheno, tere are same fccluugues can be used Ffor e analysis oF
ancrggraphalide, soch as dhin layes chironuagraphe (TLC) (4. 3], hish - performance linuid cliromaloeraphs
(LA |2, 6, 7] and crystallisation fecluegues | 3] ;
Enbraction naing orgame salvenn is e most common et of scpacaling buoaciive enmponenls from 1heir
wadural hosrs Flowever, sings the salvents are nnd alle (o be complarely removed by the coricinl processing

eckniqnes pod Usear traces may reoian in the R prodecn, the ealeclion wsingT cnle orgauc solvent iz ng
lunger artractive frorn clinical, suviconmental, enery and sxtraction e pounis of view [$. %] Thercfors,
superaritical flwd exreaction &5 a hettor alercative methond o esioacl andrngrapholide rom Andecsraphic
Fanenlat lewves, since Uus wethad offers shoser sxtmcrion toes, cheapar nperating cosl, bigher exdraclion
selectivity, suler condition foon loxic, non Maunable. nen hacarduus) and adjuatable sulvatmg power [ 160

MATHEMATICAL MODEL DEVEILOPMENT

Coustder & pached bed of leaf particles wath an initial conesniration of solute § — 5. Frosh s pecretacal uid is
wtraduced into e bed, which is eperoed isotherzedly. 1he glabal mess balance of this condilion can be
reprasznizd Dy the (@llowing crualion

e =T s EAL [N -

A 5 I R A .
et el Y, i~ —[l—er) = Ly

i ciz [ rEt o

where & g = are the concentraten of salide in the sapererirical sulvent and cnnecnrzation of salute ia fhe Leal
particlas din wion’, respectively. While, =, ¢ aml ¢ are the had void fracien. dme in nrioeles and supsereritical
fuid velocity mcmds, and Poamd 22 are the pclial aed asdal diffos ion ceellicionts in o,

Alhough several comporcnts sxes nrhe sample watrix, the Nilling paramerer has besn made by taking e
Heccant jusl a singls one, called salute This s a psoudn compouent, which reprezess te glabisl bBehasioor ot
L #RAlyTes. The extraction system s considercd as a lxed bed comprising of teeo phascs

A, sold tatarie) malce, which holds e solioe.

b Ihnd (mabile) supereritics] solvenl fsalute concentration w the Hid phiass iz nesligiblz doe 1o

saluziz’s low solubaliyd.

The solveul Llowe rate asd phsical properiss are constant dusisg e straction course. Prossure Insgos,
rernpeilure. grudicnts gl beal of dissolution are neglezted in 1he bed, Suoperfizial velpowy 1 womstanr and i1 5
caleobptad trom snpereritical Lwid fowe rane, by mesploctings catracted solure fow mie, Tl bl void Feaction iy
constml, Ul tme reduing] by the supererivigal solvenr contyining, solube 195 o Tram Ui exil of bed o the 2ol
nf sepavalor is nepligible. Asaal dispersion wn be ignored due 1o dominsnt axial mass ansler caimsed b bulk
fAnw el supercritical solveol In spite of exlection ool peomelny catio (LR = 10 <= 109, radial disporsion 1y
alse plausible o be neglecied. The mass balance in the bulk supercriticsl fluid plitsz o s columin may now be
wrillzn s

e O v iy
g—lu ——={l-a} 2
i i EE
The inital wod bonndsre condiions ara
=09, 20 -0 3.
z=0Y% +C-0 KA

Becanse of he lack of informalion on supercnitical [oid — solid maze bisfer cocflicient, clffvclive dilfsiviry of
andrograplwlide in superciilical carhon diovids, and isstherms, the roass balance in he diied Leaves is expressed
i reime of bnesr o first zder desarprion kineuss, which may be wrillen by

iy .
— = k.5 (41
)
wheee Sy ls Lhe dosorplion rbe cansoeng i Lo,
The nuual conditiaon is.
=0V, 3 5=8, i3
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Tha concaatration at the axic of the zxtracion 2alumn (S0 then ean b abtaine:d by solviag cqualions (29 w0 2)
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The total amewnr of axtractad andrographolide can bBe then caloulated By integreating O with respecl vl s,
Therclfors the fraction of extrezed ardrogphelids (5 000 can he caleolaed vsing, the Tolfowiog, egquicticn:

. ; p Pl o
i ; 1, % 15,01 expy L} exp ! ke “E 1L expe £ el |l L
o N2 | wol Cte e |

The vptias valoes of ol each expeooneal wers chinoned by clhocsing the best oo oplcewz valae of &, Lo
s e suro of G sguioss of e diferenme betweso the experonenia] extracion visld G0, and e
el extzaciuon yield §8 b or S55 msiog e developet ool gy sliveen i sgqoa oo 07

Afini S8Ry = E .[ Foo= ] i
]

T

The inpaats af the calenlation are o (0 &4350, Kb 33 = 107 wiam ™, rivariad from Ot 120 minutass, 5 (2% o
ard i (2 cwdsd mn the ommeszion funcien of one vanable wsing the SMATLAR safoware o alidain minimmsim
wiliee of S50 in cqation r3.

Filect O Temperatnre Amd Sopercedical Floid Deosily Oo Desorpdion Rate Constand

I previcas stwdizs rhere have been found diffzrenr desarprion stz consrant dopondences on wempeatae, Tan
and Lican [1H] reposted rhat desorprion efficiency of othyl acorate frome acivarcd cabaon esing supicrigsl
s dicyide desreased with temperarore when gressune was fived at 8510 Be, and a aplioue teoperalen:
of aboul 40 0 was Tound when prezseres wers laed god ldgher tan 1003 MPa Lowever, Gie desorplon
ellcieey of wloene Gome actavatzd coarben osiog superenitcsl catbon dioxeds was lonnd o merease with
Leanperilure by otler researcher |12 10 e desorplion e constanl o iy sv=temn follows the Arrhening law,
this fnllowang Loaear relalion shoold sxsl:

" L "
o= | —— = ke 1]
ne, = | T _,l T, i)
Where 58 andd Vars the apparent desarpiion soisation energy in mal, univarsal pas constant da Fmel ¥ oand

temperaionrs o Kelving seapectively The & s the standaed desosplon e constand :o Lo
1 , FESw ; i K

Lo supererniiuzl Thad lechmokogy, lanperlure and pressure bave significant enles inosdmsring sopercritical o
densiry, which iz sirengie refated fooits solvacing powoe. TG0 i9 assamed thal & s fuoction of superericsal
IMeed densace. the fnllowing celationshep s proposcd in this shdy:

Ky =k, 2" {111

whene o 1= the sepencoical Uuad deos:ly -:'g-'L::nE_]. and & and ooarc che constanes of this cquation.

RESULTS AND DISCLUSSIONS

For Uze calvobabon 1o dos weorls, Ure wozteld apdeoerapiubds comian o the Aaaeoneaniis saxicador: leaf particl 2z
wins 1.2 = 13! L0 g erouned - doed leaves, L was delemmoened by exhagstive standard soschlet cxtracrion of 3
grmg of goond  doed leves vsiong, 150 = 10 w5 of pure mstanol for 24 hours. Five random samples were
anphveed and wooaverapgs voaloe of moual andrograpbolicds contenl was then oken, The dats of sopercritical
carban dioside extraclion of andoepgapbolide row Ardrepraotis panrcolala leaves were abtained fram the
ligzawges [13], Teeure 2 shoves the inceense of extrcion rabe witd merensing temperanars feom 3067 oo 40 70 ar
10 WP altheneh solobilae of aodroprapholids ae 40 % 15 lower than that at 343070, This phenamenan is doc 1o
e Jowcrease of desorplion kuoele censtal will teroperalure accarding (o Arthening dependence [T4]) Tn addition
syl s be strongly bownd o the neal-aorld sumples: therefare a cortain amount of cncrey iz requined 1o the
exlnciion sysisn. locreasme e lemperatune wonld he expected o inocase 1he kinstics of the desorploon
rrocess ol analytes, which ate strongly hoand 3 the sample matria [13 150 1Y), Sinee exirastion of sninte from
plant matricss is bazizally a desorption process, increasing Ue desorpion kinelic constant wanld lead to increass
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i fhe edraction race and extract viebd Ve iowegeal desargtion madet 1ined the experounental daty very well as
represented B the dashed Loes w iewee 20 Adoose all the dars and calealazan reseles collapsed ol g s
point showing a pood agreoment bepawesn e caleobakol resolts and the experimental dac.

[Towosor. furher increass of empengnce reduced Ui exbact vicld, This iz beeanss the carbon disxide dewsily
pedwced significantly when rempzrahine incneases oo 207 1w &0 0 resolizd inrhe reducrion of the solubiliy ol
wdroprapholide.  The density of carbon dioxide o the pradominan fatar for the dissoliion of organ
meslecples in snpeceritical carbon dioside. The depedy ol cozbon dioxide sorangly deternmined e oumbeer ol
prleractions betweon catson dinside and solowe olsoules, I cnopsh imteractions acenread, the colesive forses
pelweren melovidul solee molecintos were broken down mapedly sl solubsilimtion would occar, Therelore,
solubulisition of suluts o oadbon diaxids wdll be a tanctaon ol te moteeu ks weighs of the solore and the level ol
wterssuon bebweea crhon diosids and selute noleculzs (18] AL constan, peessore, (he density of the salvenl
decreased wildl wn crease in einperamrz, e vapouwr pressure ol tbe solule incicased with an increase n
wernpenatuce {19]. The solvaol doensice change will hooeme mene sllscive and can easily overeome the effes of
slute vapour pressurs cheogs o the cdaerion rte 1240 This lndine ageess well witle supeiceitical earhon
dirwide axtraction of polv-—cyclic aomatie byvdiocarbons from environmental samples reported by Yang o ol
[17]
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The desulls ul this work shose fhal the desorpion mre deereascd with e mersase of wmperalore due ta
endothiceucily ol adsorption process e lower vields were obaioed oy fgher wemperatiores. Table 1 shows the
splattsel Susemion mi conslnt as g Bimetien of femgeialoe, Ve valoe of deserpiion mie constants incroascd
vt the  imcrensc of lecoperabire. With the presenl  obscrvation, the Aachenms CAINCEE 0L

G

ik, = | 0 s, wasobminod where £ 7 5B (Lmind 5 — 119170004 mal and (RS % 4400
2 I'\-. nr o L
WAs poncraicl,

Tan anid Liou [L1] obiained the doseiplion acbvalion energics (83 of toluene oom activarsd eaibon al diltorent
temperature were o the mange of 145 (e 395« 107 Fmel which are o e sune order with fhe £ value oblyinad
in this study. Correlalion of desocprion wle sonstanl with snpereritizal solvenl densue is prosonted m Lable 2
The descaplvn e constnms weee found 1 nersase with the demense of supercrinesl salvont denssty. This fact
edivated 1har desarprion of andrographobide from provod  died leaves of Aodeograpehis ponicolis is mose
Lavuuzable a1 e supercrilival salvent densite. The Tolluwine comrelation harscon desurplon Tale sonssae ol
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Figure 3 shows that integral desorption model fitted the experimental data fairly well, while Table 3 shows the
optimum  desorplion rale constants obtained at differemt presswres. The desorption rate constants increased
sharply when prossare increassd from 2.5 w0 1000 MPa. However, their values increased slightly when pressures
increased from 12,3 10 2000 MPa. This pressure effect mav be due to the increase of supercrilical solvent density
with the increase of operaling pressure. For practical purpose, a pressure of 1000 WMPa may be sufficient
Mumerons studies have indicared that the solubility of a solute in supercritical solvent increases with density
[21]. Tan and Lioo [11] reported that desorpiion aclivalion energy was less at higher pressure and was the
evidence that operations at higher pressures are more lavourable for regeneration of activated carbon nsing
supercritical carbon dioxide. Therefore, the desorption of solute by supercrilical Mud from a solid matrix may
be casier al higher Nuid density or at higher aperating pressure. This fact aprees well with the finding in this
warke.

Table 3: Optinm desorplion rate constanst for ntegral desorption madel af various pressures studied ar 40 e

Prossure (WFa) Jogoe TOOCH, | 1 mn
1A T
14.0 710
12.3 a.ls
15.0 8.27
17.5 872
2000 HET

CONCLUSIONS

A mathematical mode] based on unsteady state first order sohute desorption has been developed and tested for
the calculation of SCDE profile of andrographolide from Asdeographis panicwlata leaves at different
temparatures and pressures.  The extraction profiles obtained from the caleulation using this model were in a
good agreement with the experimental data obtained from the literature. The desorplion rale constants were also
well correlated with temperatire and superciiical solvent density. Thas, the modelling presenied in this work
can be used in (he oplimisaton and scale - up of a supercritical fluid extraction unit. This moedel is capable o
the modelling of SCDE ol andrographolide from Anarograpfus paniculaia leaves.
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ABBEFVTIATIONS AND NOTATIONS

Parmmeders Meaniope LIEITT
A48 = Avcrage Absolale Belaivs They falion -
A = Absolule Belative Deviation

lf't = Sulute consotcation in 1he fuid phase w bed vioid volumne wiemt’”
L. molre cofesniration in exil stream of Misid mieny’
i - Daarmetis of extracior m
ik = Fadial dispersinn coeflicien: cmily
L. = Axial daspersion soelliciene Cin s
o = Appasent desorption acrivation sy Iftnal
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