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2352 sAoE HYE Alststo] 7]=sstalAt gtk %? 1"& Gill= Oﬂ A FESHULAL sk A
FEE el 47F Solube 9ol  AaiAe] Jjgol Basich thgel B 1 - B 5
o= F2EE 159 Aol He 2459 FAYdE UEU
B 1 1% 249 57
= ez Al
o e 240 Aol
(F=9) 1224
101.325 kPaof|A] Z]|&|et AA|7} Y2 o]F&= 2%
e 2 o
TB The temperature at which the vapor pressure of the liquid is
Normal Boiling i .
Point (K) equal to the ambient preassure (= 101.325 kPa) in an open
oin
vessel.
BE 57 TR 101.325 kPao|A] At A7} HH S o2 25
Normal ) The temperature at which a solid and a liquid may in
Freezing Point equilibrium at 101.325 kPa.
Ao Z1A17gol 8 ol; WetER] ot dA =&
o ) TC The temperature of liquid-vapor transition critical point.
Critical Point ]
(K) The temperature above which the substance has no
Temperature L. -,
liquid-vapor transition.
ALY bC Z1A1gol 8 o4t WE}SHA] otk AR EOAMY] 7] 4
Critical Point (kPa) The corresponding vapor pressure at the critical
a
Pressure temperature.
Ol Al ol A|orad & o] 2X10] 4l
aAuE RHOC AA 25, .uﬂlaﬁ stof Ao =749 EE | N |
. ) The density of a substance at the liquid-vapor critical point.
Critical Density | (kmol/m3) o o
(at critical temperature and critical pressure)
e =k T ZIM-AA -4, 3709 o] Al BP S olF= 2%
Triple Point K) The temperature at which three different phases (vapor.
Temperature liquid and solid) may be in equilibrium.
SEH G A=Al 3ol el SAl 3PS olFe g
Triple Point (kPa) The Pressure at which three different phases (vapor, liquid
a
Pressure and solid) may be in equilibrium.
2Ate] st WA olgt 12} SHE (25 JAHE oould)
AT QHE DM The first moment of the electric charge density expansion of
Dipole Moment (Debye) a molecule. Values are given for the gaseous state when
available, otherwise the state is noted.




Jo
k1
Mo
oX.
1°

o
il

=733 A=
o xjo] Ao
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Moﬂ’li; EEY 29815 K. 1 barld 73 Wazye oggel
;t;nzjrd HIDF BEEH fUHE A AT
Stat (k] /mol) The change in enthalpy associated with the reaction forming
ate mo
Enthal ¢ the given chemical in its standard state from the elements in
ntha o
E pty their standard states.
ormation
BEE]
R EEA RS ISR BEEJE (298.15 K, 1 bar)ollA 14 d4Az2RE &0l
Standard GIDF ARl =0 pRtE s A AR oy XY HEk.
State (1/mol) The change in Gibbs free energy associated with the reaction
mo
Gibbs Free forming the given chemical in its standard state from the
Energy of elements in their standard states.
Formation
EESE 9 _
i ol e BEAE (298.15 K, 1 bar)olld 74 242V 2hggol
Osiagd_ard SIDF e =0 SRt = A Ahg AYA]e] Hete
Stat (k]/moL.K) The change in entropy associated with the reaction forming
ate mol.
Ent ; the given chemical in its standard state from the elements in
ntropy o
B p: their standard states.
ormation
it Pitzerol| ofsto] thge] Aoz sjokel mj/juts
= sat
Accentric ACCF w=—1.0— 1og10
P
Factor ¢ lr .
AT E ] IAeE, 43, LEoHo GEUAL theo] Aoz Fojd,
a IS R R
Critical ZC 7 - Pc
. oy C S
Compressibility P, R Té
Hildebrand Solubility Parameter, cohesive energy density2]
sdl= oipEs | | AE2E oo
Solubilit
Y (MPa'/?)
Parameter » —Heat of vaporization
AR ZE]
VMOL 71E =2, dHoAe] AR ZRu (17]¢, 298.15 K)

Liquid Molar
Volume

(m3/kg-mol)

Molar volume of the liquid at reference T and P.




oM Al
=0o0 o= £49 A<
(F<3) (71224H)
Hard sphereg /J%l o]/ 4AlQl FALLHO] K,
Van der Waals VVDW The excluded volume of model molecules treated as
Volume (m3/kg-mol) | hard-sphere beads separated by rigid bonds. Group
increments from Bondi are used for calculation.
Hard spherez2 —/d% o] Al #AIZHC] HEHA.
Van der Waals AVDW The excluded surface area of model molecules treated as

Area (m2/kg-mol) | hard-sphere beads separated by rigid bonds. Group
increments from Bondi are used for calculation.
UNIQUAC UNIQUAC =®of ARE-E]= Ri U}7]¥4> (Segment Volume)
RI
ndo] &, R = VVDW/15.76 (cm?/mol)
UNIQUAC T Eo] AF2E= Qi 07 S (Segment Area)
UNIQUAC ol 5
ool @ B Q. = AVDW]/ (2.5 10°)(em?/mol)
UNIQUAC THo] At8E= A= Qi 07/l $ (Segment Area
UNQUAC |, | e T g T e ’
E‘:‘i__EQJ O/, ==, 2= o =T 1Y o—v—011_ =0 o
Dimerization 7t2 A At Sof tfgh Dimerization ¥H2-AF40] wf7i¥ 4
DIMA
Constant A logm[(D = A+ B/ T
Dimerization 7t254 4F 5o digt Dimerization 8H3-40] w74
DIMB
Constant B log,( K, =A+ B/T




B 4. QWS o)F 240 55 - 1
= Shac 15
=T ue 2249 o
(B=9) 1224
271 PB-VL 71A -8R dEFe] AA d™
Vapor Pressure (kPa) Vaporization pressure for liquid-vapor equilibrium
ok PB-VS TA=7A AdEPF e AA e
Sublimation Pressure (kPa) Sublimation pressure for solid—vapor equilibrium.
|8y PB-LS OA-AA FEFY BA 4
Fusion Pressure (kPa) Fusion pressure for solid—vapor equilibrium.
2017l 228t ZIIYoA ZIA-HA] st SRt =
u] digmo] Hakes
Z gty HT-VL Difference between the enthalpies of a unit mole
Heat of Vaporization (k]/kg-mol) | of a saturated vapor and saturated liquid of a
pure component at any temperature and
corresponding vapor pressure
FOolAl 2w} SadoA AA|-7]A] Afsigto] aubE] =
u] g o] Hakaf
23ty HT-VS Difference between the enthalpies of a unit mole
Heat of Sublimation (kJ]/kg-mol) | of a saturated vapor and solid of a pure
component at any temperature and corresponding
sublimation pressure
FolZl 2= &gPollA ZIA|-HA| Jrsto] HEtE =
y] oletm]o] wisler
29 HT-LS l' 20| ot | |
. Difference between the enthalpies of a unit mole
Heat of Fusion (k]/kg-mol) o )
of a liquid and solid a pure component at any
temperature and corresponding fusion pressure
AgE dHAAA ol d7IAl 152 1%=(K) 5A7I=H
o7 BE&ZF CP-1G Zast o|x|e oF
Ideal Gas Heat The amount of energy required to change the
. (k]/kg-mol K) .
Capacity temperature of a unit mole of vapor one degree
when the vapor is ideal.
23} HF| 155 1= (K) SA7]l=d 2ast oy
zalol] 283 oL | @ |
Saturated Liquid Heat The amount of energy required to change the
. (k]/kg-mol .K) . o
Capacity temperature of a unit mole of liquid one degree
at low pressure.
T2 Ao 1A 1535 1= (K) F5A17]=H ZBast
_ SRR
WA LY CP-VS el .
] ) The amount of energy required to change the
Solid Heat Capacity | (kJ/kg-mol.K) ] )
temperature of a unit mole of solid one degree at
low pressure.
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o7 A=

The shear stress per unit area at any point in a

confined Newtonian ideal gas vapor divided by the

VS-1G
Ideal Gas Viscosity velocity gradient in the direction perpendicular to
the direction of flow
The shear stress per unit area at any point in a
msfoln) A= | per e v P
o confined Newtonian liquid at low P divided by the
Low Pressure Liquid VS-VL . . . ) ) .
. i velocity gradient in the direction perpendicular to
Viscosity ) )
the direction of flow
The proportionality constant in Fourier’s law of
o] 471A] AR EE proporiionatiy. |
heat conduction which describes the rate at
Ideal Gas Thermal TH-1G : o
o which heat flows through a vapor in ideal gas
Conductivity
state.

IIMOHA] AT The proportionality constant in Fourier’'s law of
Low Pressure Liquid TH-VL heat conduction which describes the rate at which
Thermal Conductivity heat flows through a liquid at low P.

_ The inherent force in the plane of the surface of
2
SRF-VL a gas-liquid interface per unit length of surface

Suface Tension

which tends to minimize the surface area
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& AR89 o= ARYY ¢ ASALY] e Y], AR A4 (BA)
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THE YIN FYPES JP5 & BASHE Zo] A shxlg
& Aol AEAE WARY P EAZA 5 WPHS AL

5. 1% &4 549Y A 9

Property Name

Experimental Method

Normal Boiling

Point

Manometric method

Closed cell (static) method

[soteniscope

Distillation

Ebulliometric method (recirculating still)

Twin ebulliometer

Normal Freezing
Point
/ Triple Point

Visual observation

Heating/cooling curves

DSC/DTA

Adiabatic calorimetry

AC calorimetry

Resistive pulse heating

Temperature :
Laser pulse heating
Levitation method
Visual observation in an unstirred cell
Critical Visual observation in a stirred cell
Point DSC/DTA
Derived from PVT data
Temperature Relative permittivity measurements
Refractive index measurements
Critical Direct measurement
Point Extrapolated vapor pressure
Pressure Derived from PVT data

Critical Volume
/Density

Rectlinear Diameter

Relative permittivity measurements

Refractive index measurements

Derived from PVT data

DSC/DTA

_12_



]
o

ol2] 7| Ateg]

TAOIA o] AteE9 WS A A

|

LS.

3=

()
T—

AA]

=

=

bes

9

e

]_

-

[e)

E2 AA|

37}

!_}\O
-
9’]_|

=

O:

=eeo] o
=9 7|2 2744 =9 F%

%1—
=2, A
AR Atzol 2

a

o]

=

=2

YrRel A,
7

971/2.7)8}

to o

9

=3
47}

]_
O

—

°
I

A

e §7)/27|5H
th. At2o]
20]

o]

=

Fofof

il

=

9

% dwo] met Ate

kY

=
=

tod =

=

3.3.4 JEx AA|

3.3.5 MAG B7t

2l

CERE:

.
110

_—
,_0\_

uho} 2ol

_éj_

E 1.10] AA|

o] o

]_

ol
37}

9

1=
g ol A,

o
—

37}

s

[

115
o

47}

4ol & gofo}

Fod

[

37}

=

o Hes 4%
=9 72 2dRtRe] 4w
35 oE

St
=]

71/57)5t%

o

aT

7h B o

_x_u
,_O_l

__OO

of-

TOo

ol
)

~X

ofy
mm.o
Ho
<0

L R 2

_13_



3.3.7 A&7t H7t

SiE|
[¢]

o[l TAA At=2E

=
A5

o

B}k ol A

t}. o]

7t 4E HE)

R3]
o

0] Xe)
15

off 2% A]

77

=]
=

st MR AE (A

el
o
Al JE&

/28

_"
(o]

e

f

R
&3 IF

L 4

=
[}

¢/ d/HUAN/2RE AR ARE HE

i
T
I+

7 A atolA
Hest Bt

2]
=

_ﬁé]

g A=t

=

=Y

[s1d
=
A2t

AES AAl

a
| L5Y

7

|

ol

=
o

371 27

= A5,

i(,;]

tol 871

5}

=2 A9

el

_14_



Unweighted
Average
Method (2.1.1 & %=x)

Biased Point Rejection
(2124 &=x)

BEXEI}26 0|2
=02 I 7tX| gt=

R AR 7t
37 0| AFOIZ} 2

HH0|H

o3
e
Fl ofd

s3ootEeE
Xt27Fs574
O|&eI7t?

Weighted
Average
Method (2.2.1 & %t =x)

Chi-Squared | At
(222 F &=x)

Weighted mean 1t
Unweighted mean
Bl

kM oY
B ol
F

F ot
ot

i

m
B 40

HE7H 7t

T ALL D84 Bk s5E

o
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o] A]) n-Nonane®] Critical Density

H Al.l Nonane9 9dA L= AIRg

X Uncertainty
Reference
(kg-mol/m3) | (kg-mol./m3)
1826 N/A Daubert, T.E.,Danner, R.P.,Technical Data Book-Petroleum Refining,
' 5th Edition, American Petroleum Institute, Washington, D.C., (1992)
Anselme, M. ].,Gude, M., Teja, A. S.,Fluid Phase Equilib., 57, 317-26
1.801 0.05
(1990)
1.838 N/A Tsonopoulos, C.,Tan, Z.,Fluid Phase Equilib., 83, 127-138 (1993)

B Standard Deviation : o

Aqxe] 4+

_ 1.826+1.801+1.838

uw

T u

3

=1.822 0, =0.011
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(2) Biased Point2] Rejection

S5 o 2AMel 9RVF Yt AlREol Hol Yooz ol ujAs] flstol Biased
Point Rejectiono] = Q3}c}. Biased Point Rejectiong ]84+ Chauvenet's criterion
= 0|85ty O Zd 2 7|E& 2 & Outlierg A7t}

1) Standard Deviationg Lstct.

2) Standard Deviationo|A] 7Fd ® Atg S EHSHC}

3) A wao] 2Astel Jbg We) "oyl AR E WY HEL P
4) (&8)+(Rt20] 4)7} 0.505} o Al=E Wt

Q) 5 o 2n

of|Afle] F-%
p. = 1.822+0.022 kg — mol/m* (k=2)

£ol B2 242 Algieitt. ofzge Hiud 3o
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22 B3 YUt FpA ARl B2}

23e AEIL 5835 oY AR5 Weighted Meang #|5t0], Chi-squared ZAta}
Unweighted meani}9] v]w & Esto] dd-S Frisich

o] A]) n-Nonane®] Critical Pressure

H Al.l Nonane9 oAU AIAXE

st Q st

=2 o0 =2

Zr Uncertainty
Reference
(kPa) (kPa)
Kay, W. B. ,Hissong, D. W.,Proc. - Am. Pet. Inst., Div. Refin.,
2313.2 N/A
47, 653 (1967)
Ambrose, D.,Townsend, R.,Trans. Faraday Soc., 64,
2288.0 10
2622-2631 (1968)
Pak, S. C.Kay, W. B.Ind. Eng. Chem. Fundam., 11, 255
2293.9 6.9
(1972)
2291.1 0.2 Kay, W. B.,Pak, S. C.,J. Chem. Thermodyn., 12, 673 (1980)
Matzik, I.,Schneider, G. M., Ber. Bunsen-Ges. Phys. Chem.,
2270.0 30
89, 551 (1985)
2299.0 5 Brunner, E.J. Chem. Thermodyn., 20, 273 (1988)
2280.0 20 Rosenthal, D. J.,Teja, A. S.,AIChE J., 35, 1829 (1989)
2 AR F9, A WA A@stE: 2se Yust gous si5 Wae Foier
2 gitk. web JHEEE Ul HAES YSiAls o] Abr: EASHA| o], o 67)]

Ate The et

n-Nonane®] Critical Pressure 2] 73

B Standard Deviation : ¢

u

Ho

z, =2287.000, = 4.27

_18_



(2) 713BIY BEUAE L
. . 1
B Weight : w,=—
gi
Zr Uncertainty ) ) )
Weight Relative Weight
(kPa) (kPa)
2313.2 N/A - -
2288.0 10 0.01 0.0004
2293.9 6.9 0.021 0.0008
2291.1 0.2 25.0 0.9970
2270.0 30 0.0011 0.00004
2299.0 5 0.04 0.0016
2280.0 20 0.0025 0.0001

- St ZRIE Q] weight7} Y E Z 2= (0.9970) o] 0.52 xASH
(k?’;;a) Unc(i?:)mty %X Weight | Relative Weight
2313.2 N/A - -
2288.0 10 0.01 0.0670
2293.9 6.9 0.021 0.1407
2291.1 0.2 0.0746 0.5000
2270.0 30 0.0011 0.0074
2299.0 5 0.04 0.2680
2280.0 20 0.0025 0.0167

N
wafct
Weighted Mean : z, = I —9203.06

Standard Deviation of

N
i=1

Weigted Mean :

_19_



(3) Chi-squared At

Chi-squared

2
,  (zi—=x,)

Xi = a?
7t ]

(kPa) Um(;t:)1 nty e
2313.2 N/A -
2288.0 10 0.256
2293.9 6.9 0.015
2291.1 0.2 96.12
2270.0 30 0.591
2299.0 5 1.411
2280.0 20 0.426

Total Chi-squared 98.21

(4) Reduced Chi-squared®} Birge Ratio & 1§

2
. .21
Reduced Chi-square : %= -X—= %; 19.76

(5) Unweighted Meani} Weighted Mean®] comparison
|xu Ty | = Oy + Ow

= oAl A,
|2287.00 - 2293.06] =6.6
4.3+2.6 = 6.9

AE WY His & 225 ZIStofof 510, coverage factors EA|SHC
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ol Aol A,

n-Nonane®] Critical Pressure

P,=2293+24 kPa(k=2)

¥ Fized properly exaluation

[ Component and Property Selection 1

[ Components |8 IN*OCTANE ‘ [ Search ... J
‘ Properties HCriticaI prassure "i
“alues Uncertal Reject  Citation .
3 w0 iAI(ISCh;J-i,_I‘\i:Z, Phys, Cherl CHealpiesaing
24971 20 | O Young. S.SciProcR.Dubl
24875 @ | [ [ Connally, J, F. Kandalic, G
24862 40 | O McMicking. J H.Kay, W B =%
25,9 | | O Key. W B._Hissang. 0. W,
2486.9 17| O Krealwsk A Kay WB. -
[ Kay. W B.Young. C, L.Int
I [ Matzlk, . Schneider, G, M, e }
i [ Brunner, E,.J, Chemn, Them
| [  Rosenthal, D. J.,Teja,ﬁ.
245
202
[ "
i€ I
Yalid Points < 8/10 [+ ] E
i [ Evaluated Valus | ‘ZQHH | [ Uncertainty HZD | [ Lnit
Perform Evaluation >» it azuzEz v| [ SavesssRD.. |
TY AL2 of2 h9) ol 9t A9 AE BES WAt mzesiw
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1.2 9]A3 AF%Al (Nonlinear Correlation)



of MAE Ble} Zol 1Sk da] FEEole RIAS
1F 2UN0R AUt EF 29A0 AR 4
IS F S Mol 28 4 9t

A A

T ESAL EHA (p, in kPa, Tin K, p,=1kPa)

Ha
PB-VP-1 Wagner Eqn. - 1 lnpvp/pc =(T/T.) [a17'+ agmt + ag? Pt + a475] T=1-T/T,
PB-VP-2 Wagner Egn. - 2 lnpvp/pe =(T/T.) [a17+ a271‘4 + a373 + a47'6] T=1—T/T.
PB-VP-3 | DIPPR PVP Eqn. - 1 | Inp,,/p, = a, +ay/ T+ agln T+ a, T+ a;/ T*
PB-VP-4 DIPPR PVP Eqn - 2 lnp”p/po =a + a2/ T+ a3]n T+ ay ff”"3
PB-VP-5 Antoine Eqn. lnpl,p/po =a,+ay,/(T+ay)

(2) &9t #rd (Heat of Vaporization)

a4

s A BAA! (H,p in kJ/mol, 7 in K, Hy= 1kJ/mol)

H S
HT-VP-1 Watson Egn InH,,/Hy=a; +a,In(1— T,)+a;T,In(1— 7,) +a, T In(1— T,)
HT-VP-2 | Yaws HVP Ean. | g7 —a |1— L]

: vp aq Tc
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(3) °1371A

g2k (Ideal Gas Heat Capacity)

jd;] +A #A4! (GF in K/molK, T in K)
CP-IG-1 | Polynomial Eqn. | CY=a; +ay T+ ayT°+a, T+ a; T
CP-IG-2 | Aly Lee Equation | CY= a; +a,[(ay/ T)sinh(as/ 7)]* + a,[(as/ T)sinh(a;/ T)]?
cpi6-s | wino pan | G/l 1900/ D) i (oo (1)

Al €83F (Liquid Heat Capacity at low P)

A Al

;; ENSE: 24 (G in kJ/molK, T in K)
CP-VL-1 | Polynomial Ean. | C) =a, +a, T+ ay T+ a, T°+ a5 T
CP-VL-2 CS Expansion (]]i =a, +ay T+ a; T°+ a, T°+ a5/ wheret=1— T/ T,

(5) 1A €L (Solid Heat Capacity)

A
;: ESL 34 (G in kJ/molK, T in K)
H S
Polynomial s 9 3 4
CP-Vs-1 C=a ta,T+a;T°+a, T +asT
Eqn. P ?

(6) 3} x| W (Saturated Liquid Density )

BN

;; NN HEHAA (per in kg-mol/m3, T in K)
DN-VL-1 VDNS Paut = Po+ a7 + agr+ ag7 + a7, wherer=1— T/ T,

expansion Eqgn. | "%¢ ¢ ¢
DN-VL-2 Rackett o /
Equation Psat = POy swhereT=1—=T/T,
PPDS 0.3 2/3 4/3

DN-VL=3 Expansion Psat = petarm P+ ayT P+ azT+ ayT P wherer=1- 1/ T,
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(7) o]&7]Al 714 D= (Ideal Gas Viscosity)

Evy :
o EOSE #H4 (p, in cP, Tin K)
Polynomial 2 3 "
VS-1G-1 by =a; ta,T+a3 7"+ a, T+ as T
Eqn. g
DIPPR VSG
VS-1G-2 Ean p,=ay 7% (14 ay/ T+ a, T%)

(8) 3} X AT (Saturated Liquid Viscosity)

A A
;; ENAL! EHA (y in cP, Tin K, pl=1cP)
Polynomial
VS-VL-1 éqn In (u/10) = ay + ay/ T+ a3 T+ a, T
VS-VL-2 | Yaws VSL Eqn. | In(u/p)) = a, + ay/ T+ ag/ T*+ a, T°
In (m/u?) = a1X1/3—|— a2X3/4+ In (a5)
VS-VL-3 | PPDS VSL Eqn. az— T
where X =
T— ay

(9) A 7|14 @XM =%= (Low Pressure Gas Thermal Conductivity)

2y
;:: ERL £94] (k, in W/mK, 7in K)
s
Polynomial 9 3
TH-1G-1 Eqn Ky =ayt+ayT+a3T°+ayT

(10) =3} 9] A =% (Saturated Liquid Thermal Conductivity)

A A
o ESL EHA (k; in W/mK, 7in K)
HS
Polynomial 9 3
TH-VL-1 Ky =a;,tayT+asT°+a, T
Eqgn.
TH-VL-2 | PPDS THL eqn | In(k;/k!) = a;, +ay (1 — T/as)*”
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(11) EHAAE (Suface Tension)

A A
;: 21T 234 (k; in W/mK, 7in K)
H o

SF-VL-1 | PPDS-14 ean. | g/g” = alral(l +a37)¢: 1— 7/ T,.0,= 1N/m

T
SF-VL-2 Yaws eqn. O’/O’O = @(D(A)(l - ?>n,0'0 = lN/m

C

n
SF-VL-3 Watson eqn. o—/g- = Z ﬂ),ao = 1N/m

SF-VL-4 | IST Expansion 0'/0'0 = Eai(l — T/Tc)i,a0 =1N/m
1
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2.2 o[@% 9E

=74 (Two variable dependent properties)

2= R g0l oEstE 242 HEiYA A (Equation of State) 5 A& Wit oA A
AlE]ojof SHRIRE A At&o] AftAlo]l | &8E T Q= AN W=t 7|Ae] 42 A
& o Shall oo AAIE viel 22 Al E8sit
(1) @L4Ar 9dx] Yr (Single Phase Liquid Density )
A
W A E3A! (p in kg/m3, T in K, p in kPa)
B(T)+p H
=p, 1-a(Dnd ————
p ph(lf,/|: ( ) {B(T)-ﬂ-ps"f
Tait Equation | where
DN-L-1 nterms nterms
(Default) Z br Lo(T Z sz 1
i=1 i=1
r=1-T/T,

(2) 71A149] A2]An}t &= (Speed of Sound in Gas)

A A
o S22 T34 (! in m/s, Tin K, p in kPa)
HE b
Polynomial
SOS-1 CPS vl, =a, tayT+agp+ap/T
Eqn.(Default).
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2.3 &3 =74 (Mixture Properties)
240 Este 242 =¥y 42 AR UHUWAY Ee BdE2d (
Property)e] @Eiz UEU =M, 244+ 8= 4% O3 22 dutAd =440 o
t}3}A] £ Pade approximation?] FEj= E 3t}
PN
;;L ENAL: T
Mixture
. nterms )
MIX-1 properties P = Pixy+ Pyxy + Z a2y —29) 7!
polynomial i=1
nterms,
Mixture Z a;x 1y (2, —xy)' 1
. ; i=1
MIX-2 properties Pade | P = P,x, + Pyxy+ pYrr—
eqn. Z bjxlxz(xlfxz)]il
j=1
Excess property nterms -
EXC-1 . pPE= ax @y () —xq) !
polynomial =1
nterms;
Excess Z a;x Ty (z) —xy) !
EXC-2 properties Pade | P¥= —— !
nterms,
ean. E bjx1372(951_$2)']71
j=1
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Levenberg-Marquardt

Method .
Cambridge Press (1986)
IR
ALEAl T.F. Anderson, D.S. Abrams and E.A.
ov Maximum-Likelihood Grens II, “Evaluation of Parameters for
Estimation Method Nonlinear Thermodynamic Models”, AIChE
J., 24(1), 20-29, 1978
NY ATAT Y T 0E udgPTAL VIR0 Re Wl SRtz WEo
e AREShe A Bo BAdY A ol g9l Levenberg-Marquardt Y2 ¢
SHAl Ago] 7hsstuz & FHIPAAMO|A = o] WS thRr| = i
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3.1 Levenberg-Marquardt &il2]&

1%
ol
o
=]
~
)
e
=)

theol Aoz EAE A4S 8

y=y(z;a)

rok
&

ChSF 242 merit functiong H]AY 2] 243 519 %] A 3K minimization)

A7)0, 0, & i WM 53] 2stes ehdct
SRR TS ohga) 2k,

(1) Th7i¥i49] ZAR|(initial estimate) 2 A&ttt vAE Hrrp 2 odo] Ao
PR 2R ™o @2 dFS U2 o At 7] R AY A2 B
S &Y U CZEE dojil Jfjme] Rfor FAHY 4 UG

(3) Levenberg-Marquardt ®¥-g &8sto] Hlo] Al g & BIAT £ Q== Uj7fHS
o] Z FIAY. BHE2 U7 4o ojgth analytical derivative gfo] .Qs}r.
d, analytical derivativeg ¥7] o]8]& LHQl HLol= 4% siAdA oz 0]

Al&stofoF ot

a

Me
to r

(4) 7§H% OjEs2 A2 merit function AAtsto] olA wrEAMe] Aute} wlwsl
o},

(5) 3.4 W= merit function®] W7 A9 gle o 7HA] ¥HE Aldbeict.

(6) Goodness of Fit StatisticsZ AJAlsic}.
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3.2 3] YEA9 Goodness-of-fit statistics

B4 g HZA9] Goodness of Fite ths9 a2 AlLlsto 24

ol
ok

B Fitted Parameter
glY +A42 Foto] dojil mHSE 5

B Predicted Value

o 242 &s5to] doldl miviRa oA 45 W yo At U2 o 2ol #A

rE
=
"
-
rin
M)
rlo
)
alo
=
My
o
=]
>
rOl'
n
&

B Residual
AR gt 58 o] A4S Uerdic
- i-¥&] residual = (yi—yi

—

B Residual Sum of Squares

ANE et dSE 2o AHo) AFS Uepdch

N
~\2
SSE = Residual or Error Sum of Squares (absolute) = Z(yZ —yi>
i=1
Atrel ==Ert ae" Aeds A Atse] Weights o329 Al Zo] et
(Normalization)sto] AtAQl SSEZS LTt

9

N
Il
—

O N
Wy=—. Y W.=N
UZ i

Mz

(i=u) > W,

SSE = Residual or Sum of Squares (relative)
i=1
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B Variance Analysis

ot

ES

£ 5739 Bayolztn

ol
-~

Variance AnalysisZ2 95t 7+ &2 tfgut

N

~

—\2
SSR =Regression Sum of Squares = E(yz— yz> X W

1=1

~

N
2
SSE = Residual or Sum of Squares (relative) = Z(yz—yz) X W
i=1

N

—\2
SST = Total Sum of Squares = Z(yl—yJ X W

SST = SSE + SSR

@

=1

Coefficient of Multiple Determination (R2) 3f2 th2vt Zro] YUeRd 4 )t

»  SSR
R"SST

a
LI

ol
oF. R2ztol 19

©]

N
—_ =

Vhes

SSE
10— g7

(0 <

, R23}0] 0.950]™ 95%9] variationg 2@ ©0]-&5}0
5 @& point7t 2]H

R<1)

L cin
2
SN
o,
&
lo
Hu
=]
rok
ol
Kel)
rr
i
(@]

=W, 0o 7heas 29 A3 Qu|rt gle
olch= ojo)7t Hit.
Variance Analysis Table2 23} Zro] m3=c
Sum of Mean )
Source DOF F-ratio
Squares Squares
SSR/(p—1)
Regression —1 —1
g (p—1) SSR SSR/(n—1) SSE] (n—p)
Error (n - p) SSE SSE/ (n - p)
Total (n - 1) SST

_33_

ol Al



9 HlolZ-2 null hypothesis H,: 8, = B, = ... = 3, =0 (2& oj7fd27} 091 714) o
Aol & 719 miziwiae 00 ofdehs 7M. M, :at least one B; 7 0 (R4t g 7|
o] mj7f¥is= Qo] oflat= 7HAd)E sHUE HlopSol: g 283 2 9tk

O AlAFEl Foratio 3ol 54 F 43t (£, ,_1,—,—1) B0 39 H) & 71Z4stn H

2 wolselch
3.3 Chi-squared 3| #A9] A& 7t ALt YA

A Ata9 e N, U7 25 MO2 BA|SIT
WAl 74 s vE BAISHY, v < M O]t
Yshe AR e 27HS pR BAJEH) (15 S0 p=0.68 £& p=0.95 5)
Al ARG Lo A chi-squared W47 Ay? BC} ARS 50| p7l He Ay’
W2 Aeth o] 2 o3 HolgE T+ AREH Z2IRZ AZ 5 Qo

v
p
1 2 3 4 5 6
68.3 % 1.00 2.30 3.53 4.72 5.89 7.04
90 % 2.71 4.61 6.25 7.78 9.24 10.6
95.4 % 4.00 6.17 8.02 9.70 11.3 12.8
99 % 6.63 9.21 11.3 13.3 15.1 16.8
99.73 % 9.00 11.8 14.2 16.3 18.2 20.1
99.99% 15.1 18.4 21.1 23.5 25.7 27.8

5) Chi—square fitQJ covariance matrix= [C] = [a] 'S Fsitt. diagonal elementS F

gt matrixg [C,,,,] 2t B&

6) ¥ot= confidence limite] v K}%QJ subspace+ th2-9] Ala} Zrch,
Ax?= sa [ C},,,oj} sa

o711 A o0t vAFUO] HEfolct,
ofebA oiE40) Al P7he cheat o] EAIY 4 9lck.

08, =% v/ Ax, /O
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(Regression Analysis)
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us 3. HOES o 8F uhES 2% Wy

Ol

HO9ES ol gstel UPU4E R4St Wae 8o 2ad Avle Yue B
(T.F. Anderson, D.S. Abrams and E.A. Grens II, “Evaluation of Parameters for
Nonlinear Thermodynamic Models”, AIChE J., 24(1), 20-29, 1978)

FAst 2o o] WyE A&t Atedle th39 w0l AAlE o] qltt

(J. M. Prausmts, T.F. Anderson, E. A. Grens, C. A. Eckert, J. P. O'Connell,
“Computer  Calculation  for  Multi-component  Vapor-Liquid  Equilibria”,
Prentice-Hall,1980)

W] mese] AslE WEe chis dofsl o] s o5 sy AEE YHos
dHA oy, EAHH = ¥WSLS50] Random Errorgs 7HAITCHIL 7Hgshil Maximum
Likelihood Principleo]] &A3sto] o745t Covariance Matrix % 07 40] E3He o}

FEAY A =EE 2

nE
m[o

Foh= wyoltt.
dA st 9‘4 DH7H

= —
o] HWHEES UrEJrLHJUr. AFH =2 880] H3PchH= AlAR
Equationg THEA|7 o} ST}

F(x;,0)=0 constraint equation 1

G(x;,0)=0 constraint equation 2

Constraint Equation2 @<L =749 4% A% AN Ee WY SO BAEE
Merit Function?} =&t 2% QIX|gb 7]-o8 A} 3l o] Bubble Point Pressure AAHo]
ol Arke =8 ALt ZIAl 2740l LR|stojob "t 2719] Constraints 71
T 9lt}.

I oxt

Maximum likelihood methodo] 9]t 7S4S Slot= WH-ES x| &2 Fisher (1922)0]

=

@)

olsto] =% %l o, Bardyl Lepidus(1968)0] 2oJste] A5 7|=E oLt o] YEL 9
W4 (dependent variable)o] 22=S 7Md 4 Qth= 7P stofl 7igE o] gt oE
Wg B glo] ofe} S WASE 2HED b 4 A0 S S, WS 2
SEedL7E Basith £ H459 FEUEALVE AR s UEtE e =Y
5tH, Morrison (1967)0] AJA]$F Multi-variate joint probability density functionS ©]-&
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4 9k,
m 1 1 m T p-1 m
D (x! X )=——eXpy—— (X, —X. X, —X.
X T p{ SO =x) B (x l)}

o71olM ¢, MR AFolA ARl xoliL, FHUCR xS IS FHEO]

variance-covariance matrix©]|tc}.

Al F2otd thgel Ag ™stets AT $Ud Aok

r-lu

=Y (" =x) B (x - x,)

M-

Constraint equation 1,25 &+ ©WAAS oty o] BJHSHH,
Y =£(X,0)
7 =g(X,0)

47| Equations 7J2l5tH,
S=X-X"YMX=-X")+Y-Y")YYY-Y")+(Z-Z") &Z-1")
SE FAststr] st 212 o3 2.

B _g B_,
X 00
7 SEEAILol A 7ot aEe % HAGA 7= A2 O3 2o
AO=(0"-0")=—T-R'D'R]J[lU-R'D'Q]

AX = (X" -X")=-D"'[Q+RAJ]

7b E 52 th3 o] gojHrt.
D=A+ fX iy +8« SgX
R=1f,"vf, +g, dg,
T=f,"yf, +g, og,

U=1,"yAY" +g, 8AZ"
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