HWAHAK KONGHAK Vol. 28, No. 1, February, pp. 93-103
(Journal of the Korean Institute of Chemical Engineers)

Azkelstn ol goje shetgelat
2 9891 104 26 Aw)

,\
—
[3=]
o
©
-~
o
fined
P
(115
oL
-
—

Analysis of Yield and Operation Energy Utilizing Digitized
Thermodynamic Property Charts in Supercritical Fluid
Extraction Processes

S. Y. Kim, K. S. Lee, W. H. Lee and K. P. Yoo

Department of Chemical Engineering, Sogang University, Seoul 121-742, Korea
(Received 4 Seplember 1989; accepted 26 October 1989)

2 of

Elel & olgdlo] £z WEL T4 dolHES AUST Al el 4AHIHE B 4 9k
b3l 5g ARk, FARLIE HlolEE ol Sale] Wad kol BAeIdel S8 4 2k 7}
Ael A sgol ool AEAU, Pitzer ol 5 LEE £33 F WA dlolels} olE
Qae] SAdlolsl ke st vlnd A5 SEAE ko) AHEE ST 4 Uk, 7 COl &3 A
BUTHE F2oks 297 S0 33840l $5% 23t SR o Sole] BAEEes Foises

E ]
M7 2edolun 4238 HAHT 4 gt gt 225 wake Alkagich,

Abstract—We presented an algorithm that can constructs digitized databases from various graphical representa-
tions such as thermodynamic property charts by utilizing a desk-top digitizer properly. It is found that any types of
usual model-oriented process calculation such as interpolations and process optimization can be equivalently accom-
plished with these digitized property charts. As the first illustration, the compressibility factors for any reduced tem-
perature and pressure can be evaluated quickly and accurately by digitized Pitzer's Z-chart with linear and cubic spline
interpolation methods. As the second illustration, optimum operation paths which give maximum separation yield
with the least of energy demand can be sought with the digitized property chart for the supercritical extraction process
of soybean oil with carbon dioxide.
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Fig. 3. Simulated dual separator SCF process of
F’z 1.900 T,=1.200 Z=0‘613J soybean oil with CO, for the optimum
Once more: (Y/N)? seeking of energy saving operating condi-
Fig. 2. An example of displayed Pitzer's Z-chart tions.
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(b) T-P-S-H diagram of solvent

(2) Autosearching operation paths under ap-
propriate thermodynamic assumptions
1—2: isentropic compression
2—3: isobaric cooling
3-4: isenthalpic expansion
4—+1: isobaric heating

Fig. 4. Autosearching of separation yield and operation energy demand by thermodynamic property
charts for the case of single separator cyclic SCF process of soybean oil with carbon dioxide.
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process.

Q) Aol o oz doierd Relolux] £ F
3 4 ol ogolsd, HE Awsl, St dezs ool

| Kol

el F& - Ases (D ¥ (2)"4'9 ZulZ

o] g3 4 glo} FEel s sl Aol o e

Ruiziol Hejx2 olFolx] glovg AAEA} A
Eabslzlgt T Aol ojgiet

2 F7A ZAEE Wl 24A CO, 1% o83t

o ) F2RE triglyceride +5 F35He AATHol

ool oheat 2o, wiA 48w olux] F2el

‘ |

F5t7] $slel 2=
Bl 27440 gl W CO, &919 Mollier =35
24 Fig. 50l YR vle} ED}.

Fig.5(a) % (b)oll FAE F8F71: 14
zol 270e] Felzg o]FoiA xA FHol
7k} b5 22 s ERA l°1"/} o] 7
Lofo] 3z E Fuls Felzg 'rr*“
z9] ot#Ena] FAERY ¢4F F Y= F ‘1}*—’
] SoF dm3A 7] & SE2o|A triglyceride & F
oh, 223 fAE A Fzax SR
~Zqt dug ¥ dAeke) A4S 34 o oA
s YE|zolA Salgty B -Fh dadt §F &
28471 F g Hedske FAHE AR &

N
m\m —{o £ o
T
o S e b e

32wt e OZ‘J Y
3 <

RO

.

12, BMSHY £xixlZ sl AR Hayuy

Lelx =3 (Fig.5a)« Yol Agd Z-289 7
S-oF FYg ubo g FAxE 5 Sk, 22 29
A CO, &9l Mollier =% (Fig.5b)% 42#&53
e ASE Z-539 Aok g FA HAE F
#3lete o] ohiel, H-SHAS Ay Eabs 43
Az sfsigich, o maAHEE T-P-H-S® HRES
v% st glong o] AEulezs AAAE FE
3 3 4 i, FAlel A4 ts Aok,

Fig.50] vehd #3719 3 ole ARt 2%
ext® A8 H) 9l Zelz 1(sepl 08 FAIF
d) 2} Bz 2(sep2 & BAIE A)olAe] Jsle 2y

9 areiuke g Juates WAy H2d %
st 73$-0)t}, Fig 50l viebdl vhe} 3o} AA| =4
A2E ext— bA— sepl - cH—sep2— a - ext
% ‘EL%M ﬁi:t"/“dl o8 AR Z7tel AeE
¥ 2 ok 3t
°‘J§iﬁl 71qke} ez 4-2 [sep2 — a 2 2]
, Belzx 1, BElz 20049 T,PE 25 ¢
glemg o5 HSE 25 AT 4 U §
dezsf hF HFo) AulE: “a”, £ 2F sep?
2k & ol aFolxe qlEty, Ha,ﬂ odA s o5 A
< AT 5 A
Hyeps) - 273.15 (s,,— Siept) (3)

N[-N

HWAHAK KONGHAK Vol. 28, No. 1, February, 1990



O
«©
o

zz20] 43S Pedt 8 Po=Pers So=Sserl
vz 7t gl wlole] &P, His, & 743
P4l H.5 A4k, {H, T‘,,,, o4 To% A4k
(3) 024 AB, A4 4 ok,

Al
2. & 3 Z2ZzAx9 Uz F2[a—ext 7

ZZzolAe T,P,H,S+ oln] 2% %z 9lo=
2 AB,z Aol el

B,= Hoz—Hy) —273.15 S ez~ Sa) (4)

3. FZ=2ol4 AR 9 oA 4-2[ext— b
7A&]

AB,= (Hb_Hez:) -273.15 (Sb"sen) (5)

7| M FEzolA Rz 19 shEA] Sl 3
e 322 Hy=Heol™ Py=Peepol 22 dlolE
4 {H, S}F 745t Preldd S, 5 A4 ABsE
AAke 4 gl

4. 7 3 Fez 18 &
sepl 74 Z]

AB= (Hum -H,)

o] A$x Tl (2)9 nharlAE S| B &
z= 19 bo ts) 2E =AES on 9lo=g AB,
£ vtz A 4 9l

Lo =)ol Aol sl o] Ake) 2t FUstet,
Z, Fig.50l Jehd wpeh o] Hex 144 c7A14
AL 2Zzo4 bAxe HHH Zox colX £
gz AR & bolll ez 1Axe] Fhaat e
o2 Aabgtel, zeH Hejz F AE e ¥
o) gk F7) @A AEG wie} 7o) 65HAIR o] F-oiR)
o), & F7] AAle] Feleix] ek ohE Aol o
A4 =},

wople] oA F2[b—

—273.15 (Sgep — Ss) (6)

L]
=1

of Wl 7 ghAlo|l AB>0 A%k mefsherl, ol
297 2elA FEslE At 2eisa

s oA e gl4aka] eherhe 248 7HEE Aol
oh, Fel4ge AT o Faxasig fels
- ELAIL':,]

e -

e i cawx

- I=1=1g

2o/

HI28H X1Z 19901 28

Ayod o] B

243k 4 Al & Aol e chesh 2o Aast
P gelaielh, & WAl e Savg s

ohizh 2alAseld st 34153,

2 LR BAAYES, 2EEAEY 4
52 me@ 4 gloe] olsh R AL ¥ alFA
o sl @) ATk AW Faloll gor] & kol

2%z Yoz z4zAtez B Az oF
ki Zolu o9} 2L Ale WEHoR flshn
2 BARSE, £E/RUA 42, AAs A
chest 2w,

-1, SEX .Y E2XE o/F0IN 2 3HY
2|54}

Fig.7& %29 z4dz74 70, 500 atm 2} 300
atm 2.2 *45!1 st Fejze] L% 40ColA H2l=ze
Q.

g 3]z Ao Fead (B 24
dlojt}, &EZF .z gtdo] 550atm gl Aoy HE=

o] ghee] Frlelmd HE|EEE FrlshdA 3 Roz
Fadsle HAS vehls dbdel, FEzo] gfeie]
300atm el 7Sl Aol vlsle] HupHosn
HelgeS vjepin 9lem, 100atm olAelXE #
Bl Ego] adhe 4% e ok,

Fig.8 & F&x9 7%
e Fejzy] EE 120atm 22 23
ol 4] 2= g WAzl Aolet, FE2S 4

who.
AT

o] =A% F

o,
(4]
(S}
[}
2
=+
3
-0,
ol
Py
rir
2
22
i
s
Mo Mo

Z718h 8 Belige Ahashe A%E Jepid, 3
2z9| gtede] 300atm<l 7
EEE L 3l



435 dd 8 FAE

10.0

714 544
663 476 -
612 408 =
. ’_._,._——-~-"‘_"_/+—— —
< L1
’3 .‘—"__'__'———_-\_. L P
X 1.0f340 2T &
g [ ! s
3‘ ) 204 - A e s MM E
= &
£ g
B 0.1 E
0.01 L
20 30 40 50 60 70 80 .
Temperature (°C) Entropy (kcal/kg. °K)
Solubility (wt%) T P H S
ext 3.89573e + 00 sep2  4.00000e + 01 1.50000e + 02 5.87177e + 02 8.03113e-01
sepl 2.10348¢ + 00 inter 1 7.71987¢ +01 5.50000e + 02 6.35438e + 02 8.03113e-01
sep 2 1.10925e-01 ext 7.00000e +01 5.50000e + 02 6.22893e + 02 7.95083e-01
Seperability inter 2 6.87326e + 01 4.00000e + 02 6.22893e + 02 8.05247e-01
3.78481e + 00 sep 1 7.00000e + 01 4.00000e + 02 6.25238e + 02 8.06794e-~01
inter 3 5.35841e +01 1.50000e + 02 6.25238e + 02 8.32969¢e-01
‘ESC to quit or press any key to continue’

Fig. 6. A sample printout of autosearching results on state diagrams for the case of dual separator soy-

bean SCF process.
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1. M3 WAter (Linear interpolation method)

+ y X

Xp X1 X2 Xe Xpa1  Xp-1 Xn

5]-
w1

A

1_

2

R
<.

2 7hstel kel olsted W

)

(A1)

AF

)

Xy

1 Xk

x+1

s(x)=qx(x)= Yk(x X,

for XxySXSXxh

2}ol th4tat (Cubic spline method)
= = o] 4

2349 ¥eleg o oduAFe 24 101
y
Py
y—ql(x) Pk*l e Pn—
P Py ~
1
/ / P2 | 1 \
¥ =qx) Y =qp(x) Py
¥ =0, _((n-1)
} 4 : } } } —X
X1 Xg Xp Xk+1 Xn-1 Xn
Zb e odad]l 3aE q(x)7F ST o
~2Z219] &4 s(x) & thEat 7ol Aeldct,
s(x)=q,(x) on (x,,Xs,) for k=0,1,--,n-1
(AZ)
Fol2l Aol digt Wake el 34 qux) e
ol Z2A5% 5470 gt
CO : qx(xx)=Vr and qx Kxe)) =y, for k=0, 1,
,n=1
Cl:qr. &y =ar&xy) (=" x4)]
for k=1,2,--,n~-1
C2 ZQZ»I (xk)=q:(xx) [:S” (X,‘)]
for k=1,2,--,n—-1 (A3)
wgh ~zellel 24 53t Ad¥er y,=s(x)
7} slck, wleba] ZF ol cldlo] chEAlS ofdl 4
alet,
” o X~ Xxer ” X—Xg
qx(x)=s (Xx)<x~_xk”)+5 (Xku)(xk” xx)
for k=0,1,-,n-1 (A4)
(A)AVS 7w Forishd ofga) 2ol FAHet
Oxs :
P &) P G —x) t:x‘ (x—xx) (A5)
ax=5" (X»)
hy=Xgs1 —Xn
k=0,1,-,n-1

x +1 x+1 (x xh+l)
Q.(x)=€-;—(§"—€£“')—+gﬁf'—é—‘“+/\»(x)
A (X)=A, (x—x,) +Bx(Xp — %) (A6)
(AB)AL (A3)21e] CO-l dielstd, k=0,1,,n-1

off Hated chgol AAE derh
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o't o

=G hi+Bih, ym="‘g‘h;+Am., (A7)

0

4 (AT)E Ay o Byl tlstel A2idk 3 41 (A6)ol

_ gﬁ[(xki-l_x);
hy

(o5 s ofEg2)

=

Al (A8)ollM 27 =atE-5
ovg "7;_!—8—% U]XIT Oy, 01,7,
gbA] 4l (AB)S m| el

"hlc (Xk+1 - X)] + aksﬂ

(A8)

Aslalae vk w9l

0% Holot Wt} @

Ox 3(xk+l_xk)2
qxx)= 6 [ h, +hk]
gxsr (3 (x—X,)° -
+T[—“—‘——hk h,]-f—Ay.
(Ykﬂ Y /hk k:O, 1.“'vn_1
q;(xx)=%[-Zh.]-‘rg‘%i‘—[—hk]+z\y,, (A9a)
QxKpsy) = % thel+ Ulgl (2ha)+ Ay, (A9b)

Al (Agb)ollA k& k-12 %3k #1441 (A9a)ol
Vg okl kgt e ASAE Qe
(Ean) hy o ,+2 (hk—1+hk)ak+hk0k+1
=6{Ayr— AV x-1), k=1, -, (A10)

Shdol] A2

n-1

a8 o4 nt+1 (o, 6,0, 6,))

Table Al. Strategies for endpoint conditions

71 X Oﬂ.ol%l{‘:.

n-17§0] B2 o3} 2 71xo] A sl s},
Table Al ol V}ist 71A& }Eo Eqn,_,ol4 2
7t o, on 275K Theol A2ld A% sheuld 3

© 1— aa
Yo} e,
(Eqnl); 2 he+h,)e,+h, e, =64,y — Ay,)
~hes” (x,) (Alla)
(Eqnl)y (3ho+2h)a,+h,a, 6 {4,y — Ay,)
(Allb)
Eqnl)y, he+2h,) e, + m,-ho)a,:.g—li_,
' h,+h,
4y, - Ay,) {Allc)
(Eqnl) .y ( h,+2h,) ¢, +h,0,=3(24,y - 34y,
+s (xo)) (A11d)
Eana-)s Nayon2+2 (o s Hho ) ons
=6{AYn 1~ AYn-2) ~ha,s” (x) (Al2a)
(Eqha-1)n Naront (2hy 3 +3h, ) o0,
=6(4Yn-1~ AV .) (A12b)
Eqnn-)m (ay=hu)on,+ @ha ,+ha ) on,
= h_f—*flfﬁ"ﬂ (AYni-4ya,)  (Al2)

(Eqnn— )IV n—zan—g+[2hn_z+ %hn‘x]a,ﬂ

=3BAYa,-24Yn,—5 o)) (Al2d)
2ed n-1709) 413 n-l7he] e|x|47) slog 0%
o] AdglE s & 4 YA "ok zEla g9 o0l o
A YollA] Al =528 AHE 4 9o}

Strategy Endpoint condition Equation for o or ga
I Specify the value of s"(x) av=5" (X,)
at the endpoint oa=s" (x,)
I Assume, s"(x) is constant oy=0,
near the endpoint On=0n_,
1
I Assume, s "(x) is linear o=~ {theth,) o, ~heos}
1
near the endpoint
On= h_l_ { (hn—z+hn—|) On_1 ‘hn—l Un-z}
n-1
v Specify the value of s'x) 3 , 1
at the endpoint %" h, (o= s (xs)) 2"

on= o= (S (x) = Ay 1) -

2o

siet3s M28H Milx 19904 23
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z A} Z : compressibility factor
® GFE BRIl $47) 280700 2lstel of REFERENCES
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2. Annino, R. and Driver, R.D.: “Scientific and En-
AB : availability [KJ/kg CO,) gineering Applications with Personal Computer”,
H : enthalpy [KJ/kg CO,] John Wiley & Sons, (1986).
P : pressure [atm)] 3. Pitzer, K.S., Lippmann, D.Z., Curl, RF., Huggins,
P, : reduced pressure CM. and Peterson, D.E.. J. Am. Chem. Soc., 77,
S : entropy [KJ/K kg CO,] 3433 (1955).
T : temperature [K] 4. F71F, ol%E, olMa, olFE “olluixnl Aok
T, : reduced temperature 4 - 24 7A 2FvE, g - 5
X, ' suolubility of soybean triglyceride vil i super- 7= odFxR 34, (1989).

critical carbon dioxide [wt%]
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