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Abstract — In this study, computer simulations have been performed for the removal of the transformer oil contami-
nated with polychlorinated biphenyls (PCBs) in supercritical water through complete combustion reaction. We regarded
n-decane as a main material of transformer oil, and it is assumed to be 3.0 wt% of transformer oil in supercritical water.
We used Peng-Robinson equation of state to estimate the physical properties of components in supercritical water.
Throughout the computer simulation done in this work, we could explain the solubilities of 3.0 wt% of transformer oil
and excess oxygen in supercritical water.
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Fig. 1. A schematic diagram of complete combustion reaction system
in supercritical water(Lab-scale SCWO system, KRICT).

Table 1. Coefficients in alpha function

Component L M N
Water 0.3846 0.8700 1.9637
n-Decane 0.1523 0.8460 3.9327
Oxygen 1.8858 3.7751 0.0922
Component i Component k;

H,0 n-Decane 0.4800

H,0 CO, 0.2100
n-Decane 0O, 0.2000
n-Decane CO, 0.1141

712 500 °Ce} 3,700 psia 331312 ™, 3.0 wt% ] PCBsE 3
et AARE X3 B9 e AEE B e el Ak
sHRg71E Tk, HAR-2l PCBsE ¢Hd AFSIAlIZ]7] 21814
90% o)) WY AthE AFTE FaA Aol Fgith

2. O|2x Jxt

Z7FE el Adfek 3719 Salie W da whe-S BAL

317] §3t A8k mdlx o 2= 19769 #|QkEl Peng-Robinson
ZEEAE ARSIl om A (1)¥} o] 3T
p= RT ao (1

v-b v(v+b)+b(v-b)
21 (1DelA a2t bi= 22} energy parameter$} size parameters L
BRIE) ol - e AALE 9 QALY 84 4 Q)
o 4 Gt o) % % Aok

2.2
R'T
a=0.45724—< @)
PC‘
b= 0.07780RTTC 3)

c

A A (1A anz =7 0] 25 mhE S71%E E AE
5}7] $]8t alpha functions ©]v]3H=1] Soave’} %7]°]| A}-&-3F
acentric factord] FFE ARSI €A1, Twu 5o Ak 2] (4)9}
22 A =E alpha functionS AHE-SH3ITHI)

N(M-1)

o =TY" Pexp[L(1-T}™) )
2 @°lA L, M} N& ARupt 1838 ghoz Aejst %’F 2
O e wE SVIYS F ks fg AgEed T
ARe- o)t

LA i

lT,

‘

kA &3hEo] tdt energy parameter} size parameteri= 2 (5),
21 ()] vehiglom, o) e e ag miised k7F E3F
1] 9)3= energy parameterc] gk £t 12 2 (7e] thERSICE

Amix = ZZX (5)

mlv lebl (6)
a; = J*Taj(l —ky) (M

Table 1°fi= ZH7be] == AdEEol oist 4 (4)9] = 33 i
Wl L, Mk Nell i ghast A (7)9] Z4424e] o)Al 3=
Zﬂ‘% sl s B EAR ol sl Sl akaell vhsh
A AR,

3. AKDAL
3-1. QA% Lio| Hoigel 0,0 il 71|M

ZA5 el it 0,0 S=E Aiketr] siA
Fig. 29} 2 W37 Qloll E-2] AV el (374 20 °C, 3,290 psia)

Korean Chem. Eng. Res., Vol. 45, No. 1, February, 2007



4 A% - 3
H,0 = 970g, NC10 = 30g 0, =200g
3,700 psia {FD\ /® 500°C
v
P, of Water T, of Water
= 3,290 psia =374.20°C

~

Fig. 2. Solubility of n-decane and oxygen at 500 °C, 3,700 psia.
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Table 2. Solubility of n-decane and oxygen (25 °C and 1 atm)

Component Mole %
Water 99.6280
n-decane 0.3712
Oxygen 7.5432x107
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Table 3. Mixture properties (500 °C and 3,700 psia)

Properties Value
Cp, keal/kgC 2.5621
C,, keal/kg®°C 0.3606
C,/CyRatio 1.3617
Molecular Weight 35.5980
Density, kg/m? 140.4784
Compressibility Factor, Z 0.8214
Viscosity, cP 0.0398
Thermal Conductivity, kecal/mHr °C 0.0504
Critical Temperature(molar basis), °C 371.0
Critical Temperature(weight basis), °C 2913
Critical Pressure(molar basis), psia 2,941.9
Critical Pressure(weight basis), psia 2,723.5
Products
T, &, X
0=naH A
Reactants
1, S0r Xao
AH,
AH,
Reactants AH, Products
To, o, Xno To &, Xa
Fig. 3. Calculation path for the estimation of heat of reaction (500°C,
3,700 psia).
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Table 4. Heat of formation for each component
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Table 5. Heat of formation for each component

Component Heat of formation (kJ/kmole) Heat of reaction ~ Maximum temperature
C,oHy -249,577.00 PRO/II with PROVISION  0.3201x10%kcal/h 1,290.5 K

0O, 0.00 Aspen Plus 0.3154x10%kcal/h 1,206.5 K

CO, -393,494.00

H,0 -241,997.00
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Fig. 4. Maximum temperature calculation using PRO/II with PRO-
VISION.
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Fig. 6. Flow sheet simulation for scale-up case using PRO/II with PROVISION.
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Table 6. Heat and material balance around scale-up process

Stream 1D H,0-OIL 0, SCF S1 S2 S3
Phase Liquid Vapor Vapor Liquid Vapor Vapor
Flow, kg/h

1. H,0 3,234.9499 0.0000 3,374.2909 3,234.9499 0.0000 3,234.9499
2.n-Cy 100.0500 0.0000 0.0000 100.0500 0.0000 100.0500
3.0, 0.0000 700.0000 351.2454 0.0000 700.0000 0.0000
4. CO, 0.0000 0.0000 309.4591 0.0000 0.0000 0.0000
Total Flow, kg/h 3,334.9999 700.0000 4,034.9953 3,334.9999 700.0000 3,334.9999
Temperature, °C 25.0000 25.0000 500.0000 25.5030 324.5226 500.0000
Pressure, psia 30.0000 30.0000 3,700.0000 3,700.0000 3,700.0000 3,700.0000
Enthalpy, 10°kcal/h 0.0818 0.0093 2.8848 0.1022 0.0568 2.7061
Molecular Weight 18.4997 31.9990 19.6529 18.4999 31.9990 18.4997
Stream ID S4 S5 S6 S7 S8

Phase Vapor Mixed Vapor Water Mixed

Flow, kg/h

1.H,0 0.0000 3,374.2909 1753853 3,198.9056 3,374.2909

2.n-Cy 0.0000 0.0000 0.0000 0.0000 0.0000

3.0, 700.0000 351.2454 351.2454 0.0000 351.2454

4. CO, 0.0000 309.4591 309.4591 0.0000 309.4591

Total Flow, kg/h 700.0000 4,034.9953 836.0897 3,198.9056 4,034.9953

Temperature, °C 500.0000 73.7100 73.7100 73.7100 100.0000

Pressure, psia 3,700.0000 15.0000 15.0000 15.0000 3,700.0000

Enthalpy, 10°kcal/h 0.0882 0.3804 0.1449 0.2356 0.3804

Molecular Weight 31.9990 19.6529 30.1361 18.0150 19.6529

Fig. 7. Molecular structure of biphenyl.
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Table 7. Biphenyl pure component properties comparison between
experimental data and estimated values

Experimental data Estimated values

Molecular weight 154211 154.22
NBP(K) 528.15 527.32
Te(K) 789.26 777.19
Pc(kPa) 3,847.3 3,427.9
Ve(m3/kmole) 0.50157 0.49150
7c 0.29400 0.26075
AHfO(kJ/kmo]e) 182,090 182,050
AGfO(kJ/kmole) 280,080 274,980
Acetric factor 0.36590 0.37659
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