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21 AIEH-S o]-€3510 nitromethaneS FUATFAEBHSCWO)E HaliA17]+= 3742 HA3} AFE 13sI3itt. Lab
scale HH-8-A0]E o] g38lo] A2 CODL} T-N& FH43lsk= SCWO 549 H2 132718 =&3119H, scale-
up A Felshr] 918 SCWO pilot plant A3 A¥9} lab scale #2]3} A3 A¥E vlwslglch. A&+ COD
2} NS FHA3) 52 HEKPOV)R A3 o, oS F3) Hhs- 2% (temp)?} nitromethane?} YR Lol
9] # H|(NAR)E T8 &4 HFKPIV)Z A7sISit) A3} AL SA12] AU SATAAN-S A1-8-38f
Fom, AFAne] ML w-eEHyS g9t F a3 BAAY X2)4=2] CoDE Temp 71l Wl HA3)
Al 22431, NAR F71o] whg} ozl 2hash= o2 Vel o INS Temp $F NAR S7lo] wa} 7H48130t).
Temp”} 420~430 °CE S woll= NAR S7}ol wh} T-No| T3] 7+48191 01, 450 °C o0& &3 o= &
W7}k gloleh. HAsk A3 AAE 34 dlo] A2 CoD TN & A58 4 AUEF Tempst NARO] W
Ql 2xpalo R 3 FAE TESIIoH, AYAFE)e BES ] HardS Bkl slTlale] AdANE 7 BAL
gt A2 Flslolrt 37 4S o] g38te] COD <2 mg/L, T-N<40 mg/LE FAol] BHEA|7|1] 521 9)Flo] 2
nitromethane 3] H2 &4 7L Temp 450-460 °C, NAR 1.03-1.08% 214 31]th. SCWO pilot plants ©]8-5}]
nitromethane ¥-3) 22 278 71538k, SCWO 49 scale-up FA17-S vlelsh= A5 2AI8131EE SCWO pilot
plant A% A3}E lab scale WH-5/d0]o)A &S CODSF T-N2| 3|F]2)7} nlwst Ay} exprl Z718kA| R 8] 7] 4]0]
pilot plant AHATE 2 Uehl= 28 13 4= 99t} Pilot plant 232z thst 3]7]412] AFAL A3zt
AS5uke] vlwwe}l FFErAR] A o ® HEEIRIT

Abstract — The optimization of supercritical water oxidation (SCWO) process for decomposing nitromethane was
studied by means of a design of experiments. The optimum operating region for the SCWO process to minimize COD
and T-N of treated water was obtained in a lab scale unit. The authors had compared the results from a SCWO pilot plant
with those from a lab scale system to explore the problems of scale-up of SCWO process. The COD and T-N in treated
waters were selected as key process output variables (KPOV) for optimization, and the reaction temperature (Temp) and
the mole ratio of nitromethane to ammonium hydroxide (NAR) were selected as key process input variables (KPIV)
through the preliminary tests. The central composite design as a statistical design of experiments was applied to the opti-
mization, and the experimental results were analyzed by means of the response surface method. From the main effects
analysis, it was declared that COD of treated water steeply decreased with increasing Temp but slightly decreased with
an increase in NAR, and T-N decreased with increasing both Temp and NAR. At lower Temp as 420~430 °C, the T-N
steeply decreased with an increase in NAR, however its variation was negligible at higher Temp above 450 °C. The
regression equations for COD and T-N were obtained as quadratic models with coded Temp and NAR, and they were
confirmed with coefficient of determination (1%) and normality of standardized residuals. The optimum operating region
was defined as Temp 450-460 °C and NAR 1.03-1.08 by the intersection area of COD <2 mg/L and T-N <40 mg/L
with regression equations and considering corrosion prevention. To confirm the optimization results and investigate the
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scale-up problems of SCWO process, the nitromethane was decomposed in a pilot plant. The experimental results from a
SCWO pilot plant were compared with regression equations of COD and T-N, respectively. The results of COD and T-N
from a pilot plant could be predicted well with regression equations which were derived in a lab scale SCWO system,
although the errors of pilot plant data were larger than lab ones. The predictabilities were confirmed by the parity plots

and the normality analyses of standardized residuals.
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Fig. 1. Schematic diagram of lab scale SCWO system.
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Fig. 2. Schematic diagram of SCWO pilot plant.
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Table 1. Results of preliminary tests for nitromethane decomposition

Treated Water
Temp(°C) 350 400
Waste Time(min) 10 2
NH," ion
(mo‘i/L) 0.34 0.00 0.39 0.00
TOC (mg/L) 5,428 - 20 60 36 48
T-N (mg/L) 6,373 - 1,420 4,520 886 2818
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Table 2. Design of experiment and analysis method for optimization of nitromethane decomposition

NAR 0.86~1.14 (CP: 1.0)
KPIV
Temp 412 ~ 468 °C (CP : 440 °C)
DOE 2 Factor - 5 Level Central Composite Design (alpha=1.414)
Level (Coded) -1.414 -1 0 (CP) +1 +1.414
Level of KPIV NAR 0.86 0.90 1.00 1.10 1.14
Temp (°C) 412 420 440 460 468
Experimental Number 12 (duplicate 4 times at CP)
Analysis Method Response Surface Analysis
2fkEst Ml44H HM6= 2006 12
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Table 3. Experimental conditions and results for optimization of SCWOQO
of nitromethane in a lab scale unit

KPIV (coded) KPIV (real value) KPOV
Run Order COD T-N
X Y Temp NAR (mgll) (mg/L)
-1 -1 420 0.90 15 770
3 0 0 440 1.00 1 185
6 -1.414 0 412 1.00 25 530
10 0 0 440 1.00 7 70
5 -1 +1 420 1.10 8 115
11 0 -1.414 440 0.86 8 460
1 +1 -1 460 0.90 0 170
12 0 0 440 1.00 3 153
2 +1 +1 460 1.10 0 0
8 0 0 440 1.00 3 90
9 0 +1.414 440 1.14 6 0
7 +1.414 0 468 1.00 0 78
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Fig. 3. Effects of temperature and NAR on averaged COD in treated
water.
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Fig. 4. Effects of temperature and NAR on averaged T-N in treated
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Table 4. Results of regression analysis for COD of treated waters
with a quadratic model

Term Coeft. SE Coett. T P

Constant 3.5000 1.735 2.017 0.090
X -7.2944 1.227 -5.945 0.001
Y -1.2286 1.227 -1.001 0.355
X*X 3.5000 1.372 2.551 0.043
Y*Y 0.7500 1372 0.547 0.604
X*Y 1.7500 1.735 1.009 0.352

S =3.470, 2 = 88.0%, r*(Adj.) = 77.9%

gg I 1 I 1
I I
I [
I 1 1 1
e 3--H
I I I I
I I I I
o [
g0 —H-—+ —— = =
] 1 1 1
I ] 1 I
i e T S B R B
2 L |
= 60T~ -T ===
o I I
] 50‘__|__T 1~ gl — T T AT T T T T T T T
f=] 1 1 |
=] 40'_'\__T__ T =T="r-
~ o [ I [
O zo4---+ et S EEE TR B S
I 1 1 1 1 I 1 I 1 1
20+~ S B e ek et
I I I I I I I I I I
1 I I I 1 | 1 | 1 | 1
104—4-—4+ + - ||
1 1 1 1 Avg -1.98915E46
P I 4ok s 1.124
| C | 12
: / : : : P/alue 0.839
1 T - T T T T — - T - T - T
-4 -3 -2 -1 0 1 2 3 4

Fig. 5. Normal plot of standardized residuals for COD.
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Fig. 6. Three dimensional surface plot for COD by Eq.(3).

Table 5. Results of regression analysis for T-N of treated waters with
a quadratic model

Term Coeft. SE Coeft. T P

Constant 124.50 2343 5313 0.002
X -169.28 16.57 -10.217 0.000
Y -184.44 16.57 -11.132 0.000
X*X 88.94 18.52 4.801 0.003
Y*Y 51.94 18.52 2.804 0.031
X*Y 121.25 2343 5.175 0.002

S=46.86,12 = 97.9%, *(Adj.) = 96.2%
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Avg : average

BPR  : back pressure regulator
COD  : chemical oxygen demand, mgO,/L
CP : center point

DOE  : design of experiment

KPIV  : key process input variable

KPOV : key process output variable

MFC  : mass flow controller

N : number of data

NAR  : mole ratio of nitromethane to added ammonium hydroxide
P : p-value

PG : pressure gauge

? : coefficient of determination

S : standard deviation

SCWO : supercritical water oxidation

A= AHSCWO) 37 &3} 667
SE : standard error
T : value of t-distribution
Temp : temperature, °C
TOC  : total organic carbon, mg/L
TN : total nitrogen, mg/L
X : coded Temp, (Temp-440)/20
Y : coded NAR, (NAR-1.00)/0.10
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