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Abstract

This study investigated the application of experimental design methodology to optimization of conditions of air-plasma
and oxygen-plasma oxidation of N, N-Dimethyl-4-nitrosoaniline (RNO). The reactions of RNO degradation were described
as a function of the parameters of voltage (Xi), gas flow rate (X>) and initial RNO concentration (X3) and modeled by the use
of the central composite design. In pre-test, RNO degradation of the oxygen-plasma was higher than that of the air-plasma
though low voltage and gas flow rate. The application of response surface methodology (RSM) yielded the following
regression equation, which is an empirical relationship between the RNO removal efficiency and test variables in a coded
unit: RNO removal efficiency (%) = 86.06 + 5.00X; + 14.19X, - 8.08X; + 3.63X,X; - 7.66X,° (air-plasma); RNO removal
efficiency (%) = 88.06 + 4.18X, +2.25X, - 4.91X3 + 2.35X, X5 + 2.66X,” + 1.72X5° (oxygen-plasma). In analysis of the main
effect, air flow rate and initial RNO concentration were most important factor on RNO degradation in air-plasma and
oxygen-plasma, respectively. Optimized conditions under specified range were obtained for the highest desirability at voltage
152.37 V, 13549 V voltage and 5.79 L/min, 2.82 L/min gas flow rate and 25.65 mg/L, 34.94 mg/L initial RNO
concentration for air-plasma and oxygen-plasma, respectively.

Key Words : Dielectric Barrier Discharge, Water Plasma, Central Composite Design, Design parameter, Response surface
methodology, Analysis of variance (ANOVA)
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2ol agaket 34 S0 3 ZokR oA
SetEnkE AAIA 2 dEE Ao o] 88t &
zn} g7gol tigk A77F JgE|ar Qlek. Eef=nbe
=2 oAUAIE 7HA]aL flem e =4l A|AlE
7 stz 540l Qlof Hhg/do] W atEd
T A MshA A 4= ik Set=nbs sk &
o] L.50] tet L3 AL Bezni 27 %
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A Aol = 7Y FAl ST1ES AIFe=
AN €A d& o 9le, S d52) 29
2Ok ARAL SR W ok 5ol Wol AREEAL 9l
CTHE 2} L 2001). $HERoboll A= th7]18H Eofell
A fali7k A 2ol gl o] 8% o] e Uhm, 2006).
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2}=u} (DBD plasma, dielectric barrier discharge
plasma)= IS} 7|A WA o] dFom o0& WYY
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plonT} 3D VFSIERE £4& EIsto] yhgx7io)
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Fig. 1. Schematic diagram of a dielectric barrier discharge
plasma for the water treatment.
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7} Box-Behnken®o| @Wo] o]-&F ch 73} vl 2010;
% %5, 2003). Box-Behnkent-2- 13] Al3ju]|-Zo] wo]
570 A 220 7o) BolotA] 9kg U] ST
Alel oAl A o A sl ol A
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Table 1. Actual values of the variables for the coded values

£799) 240] 715511, AEALe) viere 54
¢l 2w EE3} (orthogonal blocking) ¥ 31743
(rotatability) 2] -& o] -8-0]3}cHKorbahti, 2007).
FAHLAGE S S-S 23t 2] A9
HEA T ZYoR ojolAict. Eejuse] 47}
keba 29l sl 47} 2ko] 1 Zge] 47k 2kol
o=, S04 v STt n l Ae- 5 AEs]
= 28+ 2k + 0, 7t Hoh SAIOIA BHESIRR S
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7o) 22 Ad(n) S Edsto] SAL AR A
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2 2 3}KFig. 2).
Xy
o
B /
. ~
. el
"
B
—a ! (g
B S e (U S R

Fig. 2. Central composite design of 3 factor.

2 Ao Eetoldas FaEE= 13
P} FE 9 27] RNO SES SAUATA
3 ®H<, process specific variables) 2, RNO A #&2
4+ W12 (response) 2 A A3HAT £ wie] gkt
3} 314 (variation limits)= 7]& 23 of|A= §A}
Y717 glof 2 dAtXlof| gt Sef=nt AA Q]
Aol tis szl 7= Aol s nige =
7g3}aL, Table 10f Urebf $ich

2
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o
o

Z A

(E o

Y o

Actual values for the coded values

Process variables -1.682 -1.000 0 +1.000 +1.682
Air Oz Air Oz Air Oz Air Oz Air Oz
Xi, Voltage (V) 72.73 5296 100 70 140 95 180 120  207.27 137.04
Xs, Gas flow rate (L/min) 0.64  0.66 2 1 4 1.5 6 2 7.36 2.34
X3, RNO initial conc. (mg/L) 7.96  7.96 25 25 50 50 75 75 92.04 92.04
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AAE =3ste] Fig. 3o e Qlet. T1olA B
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32210 sl S AL Mol Uehd ti& 57]-
Bofznio} ki Sekxvlol s %L, 714 T
9 RNO Z7]5%=9 Hsto] tigh 203]9] AH
Design Expert £2ZE]0]9] ‘Fit summary’ 7|5
0]-8-3}4] Mean, Linear, 2F1, Quadratic ¥ Cubic X
ol thal Mtk wRL 2o Az} 37 Sejzole)
2} t}ghAl 2l Quadratic & 2] p ZH2 0.0019, AkA--
Eebznte] 22} t1ek41Ql Quadratic 9] p & <
0.0001 = LepL} 1= Zef=nto] tisf sl 22} thak
4] mgof gt T 7|52l 0.05 50} 2o} = Zak=
uf ¥hg B 22} o] 2AE ek R gE 27}
0.9484, 0948308 oz LERJQITCho %
2008). T Zetk=ut FAoA RNO Esfjof] gt
Quadratic 30| Tjsto] 23} wale] = FA
W A~7H (backward elimination)o]] 2J3] A o] 91
= = oA, WA g Foll A p 4he] 0.25 o)
A e @A} o m E]sto] o3k IRt AEs)
AT 5, 2008).

|-Eet=ntel dba-Eetznt FAolA Ak

41 (ANOVA, analysis of variance)< 8J35}o] Table 2
of A= vttt 37]-&2k=nke] B9 XiXs
(H% - 7] RNO 5%), XoX; (37| 3a5% * 271
RNO %%), X;* (A¢F), @ X5* (27] RNO %%=)0]
eapgro R EYE AL, Aba-Eepznte] A XX,
(S - Ak FH7), XoXs (A4 335 - 27| RNO

O

L
o
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FE) DX (A 0] Aoz EREHS)
t}. Table 20|14 ®zo] F7]-Fef2nte} Aba-Eap=
o} 3% T Prob > F ko] < 0.0001 24] mao] 1=
2 5948 e St Arslan-Alaton 5, 2009). 2
e A 3o 44 R’ ZHe Zkzh 0.93829)
0.9434 2 m3go] tgha] Ate(fit) 5 & WEdh= A
O & el 2ge] ‘A3 A o] (lack of fit)2] p
Zro] B 0.21917} 0.23132 7|23k 0.05Xc &
A =7] diiZoll ANOVA AXpof| A Aozl mydo] &
A 4 5= USATHCho 5, 2003).

7)-Zetznkel Aka-Zezute] tis) AeE W
AAYE Xkstr] f1sto] Fig. 40 73} 22t
e 19 mESE AL dlEge] A=
EFUI QLT Fig. 4 ()2} (0) 9] &7]-&2t=mtet 4k
-Zetzute| gt #23 ZRpe] HtehE 1Es

of

bt B owe 1o ot
Loox L2

X

TEEIE 2= 208 YEyit Fig. 4 ()2t
(@)2] F25} A9} o|gre] RS Alv
2.50]jo] =guiE follA] 9] - offjol] aL=A| Haz
T]o] ¢Jo] EHA (unbiastedness) S FHESCl & 4
Qlom, A i BE7 X3S wepy viisins
SRAE Rtk Alrslc gebd o3t
BAHYE wEshEA AeE o] AARe o
UATK 2], 2008).

¥ ol

Table 2. ANOVA results of the quadratic and linear model for electrolysis of RNO

Source Sum of Degree of Mean square ~ F-value ~ Prob>F
squares freedom
Model 4950.48 5 990.10 46.64 <0.0001
Residual 297.23 14 21.23
. Lack of fit 234.30 9 26.03 2.07 0.2191
Air-plasma
Pure error 62.92 5 12.58
R’=0.9434, Adjust R?=0.9231,
Adequate precision=27.252
Model 816.16 6 136.03 32.89 <0.0001
Residual 53.77 13 4.14
Lack of fit 40.96 8 5.12 2.00 0.2313
Oxygen-plasma
Pure error 12.81 5 2.56

R?=0.9382, Adjust R*=0.9097,
Adequate precision=19.827
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