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ABSTRACT

A study on CFs4 decomposition using Waterjet Gliding Arc
Plasma Scrubber

Chae Hong Lee
Advisor : Prof. Young Nam Chun, Ph.D.
Department of Environmental Engineering,

Graduate School of Chosun University

Per f luorocompounds (PFCs) have been extensively used for plasma etching
and chemical vapor deposition (CVD) gases for the semiconductor
manufacturing processes. PFCs have significant effects on global warming,
and have very long atmospheric [lifetimes. Moreover, the wastewater,
including fluorine, would be caused by groundwater pollution. The long-term
consumption of water containing excessive fluoride can lead to fluorosis of
the teeth and bones.

In this study, a waterjet gliding arc plasma system in which plasma is
combined with waterjet was developed, and the optimum operating conditions
for efficient CFs destruction were investigated by enlarging the discharge
region and producing a large amount of OH radicals. The CFs decomposed by the
waterjet plasma produces HF and is dissolved in the waterjet. The present
system in the work utilized electrocoagulation and calcium hydroxide, which
is very effective for getting rid of hydrogen fluoride from wastewater.

For the experimental parameters, the waterjet flow rate and input power
were used for the waterjet plasma scrubber, the initial pH and current
density for the electrocoagulation process, and the reaction pH and Ca(OH)
injection volume for the calcium hydroxide process. It was found in the
parametric experiment that the total CFs decomposition efficiency was 99.2%;
the removal efficiencies of C0, and HF, which are the byproducts in the gas,
were 69.4 and 78%, respectively; and the removal efficiency of HF, which is

the byproduct in the liquid, was 99.3%.
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Table 1. Global warming potentials(100 years horizon) and atmospheric

lifetime of some greenhouse gases

Greenhouse gases GIWP 100 Atmospheric lifetime (year)
€02 1 5~200
CHa 23 12
N20 296 120
CF4 5,700 50,000
CoFs 11,900 10,000




Table 2. The problem of the existing processing technology
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Fig.2-1. The temperature relation of the electronics and particle.
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(2) OH radical generation[8]
HO +e — '0H+H te (7)
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‘OH + CF — CO + HF (11)
‘OH + COF — CO2 + HF (12)

(4) loss—reactions of OH radicals[10]

‘OH + "OH — H.0 + 0° (13)
‘OH + "OH — H.0» (14)
‘OH + "OH — HO0» + H’ (15)
‘OH+H —H +0 (16)
‘OH+ 0 — 0, + H (17)
OH + H + Ar — H0 + Ar (18)
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2 LabVIEW(National Instrument, LabVIEW 8.6, USA)S
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Fig.3-2. Initial operating and stable condition in the waterjet

gliding arc plasma scrubber reactor.
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2olg=, UX &=,
Specific energy input(SElI)= &1(29)~(31)0 2ol HAZI O XICEH.

n.(%) =

OIIA, [CF, S Z2tX0F 8IS & (F, =
=C0|CY,

HUXl E8@x)2 4(30)2 ZCt.

CF >< -
[ 4]RE Qc (30)
O:Ijlkl, [CF4] jro— I‘”j‘IE‘_l C4——| ot,

RE —

n.(g/kWh) =

IPE EctX0te] =& (kW)OICH

Specific energy input(SEl)= &1(31)1t

IP

O (31)
OIIM, 1P= EctXR0Ie =X (KW)O0I0Y,

2t(L/s)O0ICt.
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M4Z 20 2 DFE
AE2 M S22 Us! MASHALH. s3&eE CFy JiAsE A 2240]
g 0l3 ZctX20F A4 26t SoHEl 0, FEHN 2N Us BAE2
ad=20ls2 Olsgsr MIISsD) E2EC=Z 11X dal, A4g &I 2ES=Z 2xF Hel
£ dlgen, /A 22019 0t3 Ec2tX20F A3THe g A= A&F H
Il Sz FUGIH MK2IE OtACH. Table 32 B ASEY XAHZ LIEIWH A
OICF.
Table 3. Experimental conditions in each parameter
Process Variable Range
Waterjet flow rate (mL/min) 0~ 32
Waterjet plasma scrubber
Specific input power (kJ/L) 2.1~6
Inlet pH 1 ~7
Electrocoagulation
Current density (A/m?) 29.7 ~ 119
Reaction pH 7~ 13
Calcium hydroxide
Ca(OH), feed amount(g/L) 50 ~ 250
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H1& fEA =c2t0l€ ot3 S2t20t A3 H

FEH 224014 03 SctA0 A3HBE 0IE6tH CRE =2dfots BHx=2=
HO =&, 8", &H A, CFy sTBSE, &8 SF(H0, 02, H), &
St =8 o2 S ¢ 28 XA Bt d= i, 8= 244, &3 Z20], JiA
s AF & ¢ gd A Bz U= = UL, 2 G70AM 28 =2 #H30l
BN =S = I Hopo e 48= JAOIRUCH. Table 4= AN =2
ctole Ot3 EctX0t AT RHZAHY M A& 20T

Table 4. Optimal operating conditions and their results

Operating Conditions

Gas flow rate

Water jet flow rate

Specific energy input

Ar 19.9 L/min

CF4 0.1 L/min

17 mL/min

2.1 kJ/L

Results

CF4 decomposition

Energy efficiency

By-product concentration

efficiency
CF4 178 ppm
Gas GOz 950 ppm
96.4 % 32.48 g/kWh
HF 82 ppm
Water HF 430 ppm
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Plasma+Water jet Plasma Water jet
Fig.4-2. Effect of waterjet plasma, plasma and waterjet on the

discharge state.
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Fig.4-3. Concentration of by-product depending on waterjet plasma,

plasma, and waterjet.
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Fig.4-4. Effect of waterjet flow rate on CFs decomposition, COq,

HF concentration and energy efficiency.
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H2&Z &I

010

0 3

220ls M3 0188 dII21D BEHUMNE 20 &S F= 2= =
pH, HdFZLE BISAIZE, =JIs& &d=2tA I S S EA
(Monopolar, Bipolar)S Oicd BH=aIt UCH. AEUH 2MMH FASH s AES
8t =22 oW, =0 A O0IXl= IAe!l Melthatel =] pH Bstet 87
2SO0l Oot AEg=S XNESGHRULH. Table b= &I SEO HZEZAY I &
& Z0ICt.
Table 5. Optimal operating conditions and their results
Operating Conditions
Water flow rate Input pH Current density Reaction time
20 mL/min 2 119 A/m’ 30 min
Results
HF removal efficiency Exhaust water concentration
86.3 % A 0 pon
HF 59 ppm
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kKJ/LOIA 24201 O A= AEBR2 H
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Fig.4-6. Effect of inlet pH on HF removal efficiency and HF, Al

concentration.
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= 109 =X XM xJ| pH 2, =& R 2
BHS AIZE 30 min, ARLT 119 A/mOIlA MAEl= S24XE X2
(¢, Table 6, Fig.4-82 =clXl2 4= &&= LIEHH 240ICH.
24 2 sdX= 0, F, Na, Al, Ti, Fel 4222 F4EHN UL, =2 0
01%), F (4.46%), Al (28.73%) 2 #&Z0 UA2H 02 L2R0Is M3 &
1D BEo2RH MALUL. 74 42 S Ti (2.17%)= SctX20E 82019

0
&30l ElEts2 HEZ =20t 2™ Al FEHAM WA Hisde Az ®
5

Table 6. Composition of the sludge(%)

Element Concentration(%)
0 60.01
F 4.62
Na 1.82
Al 28.73
Ti 2.17
Fe 2.64
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Fig.4-8. Energy dispersive X-ray spectroscopy of the sludge.
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2 ZIIGIAS M LM SAXI0ICH (a)lM MAS siXlse STH0| =0t B
B0l 20l HECH GHXE MRUTE HEIOZ LAGH A& (b)o 2R 2F
S0l QOHN HOO0l RS2 L2s =1 AL I pHE 20lM 72 SIH6Ho
MBS (¢)2 F 22X SFS U (a)2 HIRGIRE I STH0l 225
C

N

3mm x8.00k SE(M) 1 5.00um

5.00um

Fig.4-9. Scanning electron microscope of the sludge.
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Hattl HE MUH = HF MAsEd Ca s& & BISIHA
422 =& LIEtdH Jg0IC |2 22019 03 SctX20 2382l =
S4&2)9 MM 20 L/min2, HIIE1D zHXAHO Helx= 20
mL/min22 AN BIEI|Z2 BZEHASMH, BHESIl WRO0IA 0.5M-NaOH2t 5%-HCI
£ 0I85t0 pHE 7~1322 ZEGIY M, Ca(0H)2 =& 250 g/L2 R XIGHH

a

m g
'4?
o

g (a)= pH BSI0I E UM = HF MASEL HF, Cal =& 5 LIEtH
NAOZ pHE 70lM 11HKI SItotAS M HF MIHSS2 61.1%0A 94.4%, Ca =
CE= SOtotACH. Ol = pHE 130tAl Sotots W

90 ppmUl Al 193 ppm 2 22t
HF MHESE2 78.7%, Ca === 141 ppmIt Al 2 AOFAULCE.

Fig.4-10(b)= pH B30l 2 BIEItA F CFy, 00, HFS =% E LIEL
Z pH 70lA 110tA SJtot =S [ CF4, CO2, HFS === 228 75 ppmOl A 39
popm, 426 ppmOIA 291 ppm, 54 ppmOlAl 19 ppmZ 2A0HA2LE, 0l = pHE 13
DX Stk S M CFy, €O, HFSl s&&= 282 62 ppm, 403 ppm, 46 ppm2Z Ch

(

™

210

Al EJLotRCEH. pHOE ROtE 5 EtE4l (23)0IA Cal EdflEls =%t 240N
HFet BFS4d0l ZO0td HF MA=E0] Zd40tA20H, /A S20/Ed 03 Setx

OF A3 HHEIIAR BISUHAME 420 BISH0| Z0H= Hez T
EICH pHIE 11 OIF 0l BFSA (24) & OH Ol 2ot portlandite(Ca(0H),) 2l A4
o=z HFe BHS0l Z 8 Ca0l 2A6H0 BHSH0l 2AE 4oz HEECH15].
Oledst Zt= Kang et al.[15]1F Kagne et al.[16]0l Cement paste2t Bleaching
powderE 0186t A& Z2t SAGHUCEH.
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Fig. 4-10. Effect of Ca(OH)2 reaction pH : (a) Liquid in HF removal
efficiency, HF, Ca concentration, (b) Exhaust gas in CFs,

CO., HF concentration.
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2. Ca(OH), =& H3al

Fig.4-112 Ca(0H), =& H3IMl & %X = HF MAHSEY Ca == L IS

tA 4228 s 2 LEtY 80t 282 BS pH BHatet S8 ZA0UAM pH
M2 |XGHA2M, Ca(0H).2 =2 50 ~ 250 g/L2 ZEGIH &S JHGA
Ck.

Fig.4-11(a)= Ca(OH)2l =& HE UM = HF MHSEL HF, Call =& 5
LIEIH X222 Ca(0H)2 =& 250 g/LIAl ZEIt6HA H A & HF HMHE
E2 55.6%01 A 94.4%, Ca === 79 ppmOilA 190 ppm = SItotRULH. S8&EHE
CaR 0l SItot0 BrE4l(23)2 g+E0l 2dt Er240l =0ths HS =2I6HA

Ci. 0218 Z1H= Kagne et al.[16]0l Bleaching powderE OI235H01 &l& &
ot RAOIICEH.

Fig.4-11(b)= Ca(0H).ol =L &0l 2 HHIEItA = CF,, C0., HFS s&5 LU
Etth 2222 9| Ca(0H).+=L &0l St H<L CFs= 150 g/LOIA 9 ppmItXl KA &
AOLE, 250 g/LE ZII5IAUS O 39 pom@ 2 CHAl SIH6HSO M, 0= 200 g/Lol
AN 212 ppmDtXl MIH SASLE, 250 g/LOIAL 291 ppm2 2 CHAl SII5HACH. HFs

Uy
]

F=2k0l 250 g/LOIA 19 ppmIbAl MDA S ACH. Suzuki et al.[17]0] Ca(OH)./Ca0
E 0I25t0 CFE HHGte AEUH A= Ca(0H)2 20| SIS MHE= CFs
O 20| BIIotALt. Suzuki et al.2l A&E Column0il Ca(0H)./Ca0S S&IGH0 It
AJL St AE0IAXICH, 2 AEHME HHMA Ca(0H).& =20t AN Ot
AJF SWE St XOIEOl AUCH Ca(0H), =0l 200 g/LOI =0z 2SI e
HHOL =2icl EHE EMOIUCH. WEDIE S0 wetet} 2L, Ca(OH)It &
SHAHE S0 252 Ca(0H)JF BtSD| otR2 &Xote &0 UJCH. =23&He=
tAesE BEED| GtR0HM =20 BtSotE S ZAHSIRL, HENA 4 = (R
C0., HFS &dli&= HF > CO, > CF2l =A2, Tt =2 HF= =c2icl EH2
ZE5t= Ca(0H) 0l BtSE otA2Lt, CFs, CO.= S5 PHSEHAl RotD BIET
= Aoz moEl. 2 AE0A CF 22 2oot)] s A8 ZR Ca(0H)=+
L0l 150 g/LE =B XZHo=Z HEHSIHOF 2L, CFy B OtLi2H RAI2E2 SAl
ol ™Melote AIAEES JHESH)| RAGHH R&t=2 Mel £8 =2 250 g/L2 =& X
A0z &5t
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Fig.4-11. Effect of Ca(OH). feed amount : (a) Liquid in HF removal
efficiency, HF, Ca concentration, (b) Exhaust gas in CFs,

CO., HF concentration.
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