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Our group reported the thermal decomposition of R-22 (CHCIF,) refrigerants by nitrogen thermal plasma in previous studies.
However, it was proposed that the wastewater generated from the end part of the process contains high concentration of fluo-
ride ion which is a component of R-22. The additional post-treatment process to neutralize the F~ ions in the wastewater
was investigated in this study. The wastewater generated through the decomposition of R-22 with the same procedure in the
previous work was treated using the neutralizer, Ca(OH),, and the atmospheric pressure plasma jet (APPJ) independently as
a post-treatment process. Wastewater samples were collected directly after the treatment for ion-chromatography analysis to
trace the change of the concentration of F ion in the wastewater. The fluoride concentration in the wastewater showed the
highest value when the single water was used as a neutralizer, and the concentration of fluoride in the wastewater was dramat-
ically reduced when the post-treatments were performed.
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Figure 1. Schematic diagram of thermal decomposition by N, thermal plasma system.
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Table 1. The Operating Condition of Atmospheric Pressure Plasma Jet
for the Waste Solution Treatment

Atmospheric pressure plasma jet condition

Applied voltage 7 kV
Current (power supply) 400 mA
Frequency 20 kHz
Discharge gas Ar 0.5 L/min
Discharge time S min

High voltage electrode 4 mm diameter SUS

MFC HYV electrode

Ground electrode

Figure 2. Schematic diagram of atmospheric pressure plasma jet
(APPJ) for water waste treatment.
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Figure 3. The F concentrations of the waste solution samples that
were obtained from the different reservoir and treated by the different
method, respectively.

Figure 4. TEM images and elemental mapping of reservoir A treated

using APPJ.
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Figure 5. TEM images and elemental mapping of reservoir B treated
using APPJ.

THFigure 3). ©]<= reservoir A°X AEH RHTE B2 Zlo= 1 9
Q12 w7177} reservoir A -2 water sprayS E-3llA4] o]v] A
Eho)20] 34E S ¥ o), wet scrubber’} 3O Z FHoQlo
w BALE= 59 ko] reservoir ASIA BAE = £ AR T} 109)
W] wiEl Ao R yeEc) i FolelA BANEE FIEAES
o] ol Ca(OH), 4907 WA ] ZAPS A [F1= 20
ppmOE E& FARE WET o 9A HEE AhFigure 3). ©l=
Ca(OH), F&9o] EAol7} §hgste] ARl CaF, & 1133} ¥
7] W1 o A7 o]of thu|gk APPIS] EIE 1] 9
st} A7) & FEEHOE P W reservoir BOlA] 3] H [F] 581
ppme] HTE reservoir AL} FUsE A APPIE AT
Figure 3014 &<18 = Q15%0] APPI H2] % [F]= 23 ppm o2 A&
Heltk HEE [Fl Ca(OH), 295 #ARE w9 [F1e} FAR
S g1 4= AT Reservoir BollA] Hoizl Hl5-5 Zat=n} A
sk g A YA A0 ofell tisk TEM % elemental map-
ping 4] A& Figure 50 WEFITE Reservoir A #H5-5 A& st 3
I iR R v e QA gEEglon FrpHos IR 2
W7ol - Y Hol= dATF AP EAUSS AT 5 T Elemental
mapping AZZH5E| AL F 2 07} QIS L2Ho] S-S AT
T 9o mEbA AlF;LO.9 B2 1 E] AE F S EF
T Stk ) Figure 404 Hojxl A= th24] Clo] A7) A8 &
7JolA Y Kol §dAbell 2 Baxdtes AS & 5 Utk A o] ¢
AHE2 CaCLY o2 B3] o] B3} Ca(OH), FE%
fah=dl QoA FLS FAF = 2 SIS AREE] Wi

o

F
il

ul
it

o 2 e

ox fr o fo mn

ATl e ATAE FREoE FsislV]el CaCl7t A
H oz Helth

A7) A FHsl, APPIE ol &sto] H5
HaeAA F 3Es B3k [F] 7,011 ppm 5
= APPIE 5 mingl 22|80] Ca(OH), +84& F3F8-H Sz A
o A fAkel FEOR E40l2 FRE A

 BA0lR ATA BTl L} W slel wstsle] g

W =
e

>.

o

fo

i

!

n

[
>
N
&
°
3
)
I

Sot
¥
L}
¥
%0,
%2,
o
A
[
B=)
oX,
=2,
m
Q
[N
o
ro
12
>
o
o
T
&
>,

4. 4 =

2 Aol M= HgriQl R-225 Edlishs oA 2AskE E
9] Exolg e weE U EetvkE ol 8-ste] A g
st} F3AIE AHESE A2 S 2 AE 3RE S QG
H Foll EAEHE BA0l29 FEE IC ¥4 Foke] 43819
APYF7L 57 s 4Rl Aals T $ ov|y ekt
£ ZAste] AEsiglon, ol F3E-AS AME-ste] st AF
Aol njwste] E40lR w57 EAEEA Itk Egh=nt
HES-7] slekol] 9|3 reservoir Ao A4 W B0l R
7,011 ppmO| A H, Fs}5t ekl $1X]8t reservoir Boll #17% #Hl4~
9] EAol& FE+ 581 ppm&l AOE ERIFSIT) o] 2R F5-8
AoF & S AMEINS s 1R B4l el
7F A, o] a7 A% FHARL $HY o] gt
o] A7]1= Tk Reservoir A #FE 7]} Eet=vte st A7
F7} HEF A 4301, reservoir B W45 *]2]3F A3} F+= 23 ppm
o7 st AL AT 4 vk ol AV FEEAA
Ca(OH),E AHFIE we] E4ol 5521 20 ppm¥} FAFgE A o]
o} 3 g7t Eek=vke ARSS B9, B FEe] AT A E S
om o]& AlFs,0,8] S AWer o|ZRE diZiy Fehzmte]
oJate] AN EFrlEg He W Bl 28al S22 v
3to] 1S Ao gt gk

TR AT Ao P A9, oI F3H8AL LAl A2
25t fake £ AE 9 5 9deS Alskgk B A
$AR W FF A A A b 5L A5 78 Besk 9o
U, Thge) Fohgele ARgakE A glo] (RS TR WA
2 AYT 5 ks P ANE S st

B ATE AT FU 598 velEls AT 9 R
) A FEAT A Ado ATHUL.

References

1. C. H Son, Condensation heat transfer characteristics of R-410A as
an alternative R-22 in the condenser with small diameter tubes,
Clean Technol., 13, 151-158 (2007).

2. J. M. Calm, The next generation of refrigerants-Historical review,
considerations, and outlook, Int. J. Refrig., 31, 1123-1133 (2008).

3. E. H. Ko, H. Yoo, Y. A. Jung, D. W. Park, D. W. Kim, and J.
Choi, Chlorodifluoromethane (CHCIF,) thermal decomposition by
DC nitrogen plasma, Appl. Chem. Eng., 28, 171-176 (2017).

4. A. Tor, N. Danaoglu, G. Arslan, and Y. Cengeloglu, Removal of
fluoride from water by using granular red mud: Batch and column
studies, J. Hazard. Mater., 164, 271-278 (2009).

5. M. J. Haron, W. M. Z. Wan Yunus, S. A. Wasay, A. Uchiumi,
and S. Tokunaga, Sorption of fluoride ions from aqueous solutions
by a yttrium loaded poly(hydroxamic acid) resin, Int. J. Environ.
Study, 48, 245-255 (1994).

6. L. Fang, K. N. Ghimire, M. Kuriyama, K. Inoue, and K. Makino,
Removal of fluoride using some lanthanum (III)-loaded adsorbents



71 Eeknks o) g-3 AW ®al 3 #H A 483

with different functional groups and polymer matrices, J. Chem.
Technol. Biotechnol., 78, 1038-1047 (2003).

. G. Ni, G. Zhao, Y. Jiang, J. Li, Y. Meng, and X. Wang, Steam
plasma jet treatment of phenol in aqueous solution at atmospheric
pressure, Plasma Process. Polym., 10, 353-363 (2013).

. B. Mohammadi and A. A. Ashkarran, Cold atmospheric plasma
discharge induced fast decontamination of a wide range of organic
compounds suitable for enviromental applicadtions, J. Water
Process Eng., 9, 195-200 (2016).

. Y. S. Mok and J. O. Jo, Degradation of a textile azo dye by
pulsed arc discharge to the surface wastewater, Korean J. Chem.

10.

11.

12.

Eng., 24, 607-611 (2007).

Y. Tang, X. Guan, T. Su, N. Gao, and J. Wang, Fluoride adsorp-
tion onto activated alumina: modeling the effects of pH and some
competing ions, Colloids Surf. A., 337, 33-38 (2009).

A. Rafique, M. A. Awan, A. Wasti, I. A. Qazi, and M. Arshad,
Removal of fluoride from drinking water using modified immobi-
lized activated alumina, J. Chem., 2013, 1-7 (2012).

J. Wang, C. Petit, X. X. Zhang, and S. Cui, Phase equilibrium
study of the AlICl;-CaCl,-H,O system for the production of alumi-
num chloride hexahydrate from Ca-rich flu ash, J. Chem. Eng.
Data, 61, 359-369 (2016).

Appl. Chem. Eng., Vol. 29, No. 4, 2018



