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AR EA AR T B E TR B TR SRS AR BEAT A TR RIS, BT 38 I RN A T A B e A o
LR TR SR AL BRERE , 08T T LR £ W SR AE SE 8 S5 44 T 1 W U481k 30 g 24 DL S WRIR R 2. R
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VS I TR TR MR B R AR TOC W B Bl sf (] A8 Ak, 25 S8 U0 T 2018 0 TR R AL 7y e AR
2) SR AR SR AL AL S8R . KN 0.15 Lomin ' (R ESIK, 5 2R O ERAIRR
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Kb e NOROTRERR; w, Wit RO O RFE, mgmin'; w, bt B2 B4R TR R
EE, mgmin'; ONAEBEREE] g b R O EREALET IR W, it R LR SRR L TOC i i
B, mgmin'; W, Nt B2 RS LR CEEX Y TOC B i &, mgmin'; W A ¢} Z A TOC £
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1.3 &M FE

MBS L LG R FH AR5 (GC-7900, | R 36) #HATINGE, (1A b A3 B 40
B, HLFE 0.25 mmx30 mx0.33 um, [H%E M A XE-60. ¥ i LR £ T e 2R H A (3% 12 (GC-7900,
R AT, GiEA N S AE, MAR 2 mx3 mm, #2414 PEG 1500/GDX-101. f# /] fill
T SR R R B AT N S T 0 e R R I A R SRR B R AT I T, iR TOC A Y (TOC-
VCPN, H A &) PEAT A TOC HR RGN E . LA 5,5- 2 HE- 1-nik % mk-N-42 1L ) (DMPO) 1F Ky A i
FER, KRBT AR (ESR)(MiniSpcope MS5000, 12 & Magnettech) XJ A& & w1 i) B H FE i7F
R EN, FHEK 60s, MBN 0.046s, O3 X B 336 mT. LAIRC B M A B, RS AH
3% - g 5 { (GC-MS, Thermo DSQ I, & [E) Xfuk S ot A ALY i# 4T GC-MS J3#fr, 7 FHEAR
3 50~250 «C, HEFERE 1 pL,
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M W40 min J5 , WA TOC 2R EAH 52.18 mg, # A 2 TOC # 5 Bk TOC & 2 FH
W/NFIEA TOC & . X R N/EA AN B, BRAFE MG RSN, nT REAF ARG 212 2. TR
AL et A . RGN (2) THE N/EA AR BE rp 2R £ B B AL L SR Bt ] A8k, 25 SR 4 1E 3
fiine HE 3 AL, NY/EA S04 B b AT AR5 A X RS 10 R TR B AL T e, S | e i
HN 67.09%, N/EA BT HIALFRIR R R fEAE SR S ALY I, TR Z FR A ko LT fig 2 i T
AL 46 1 584 7 A= -OH S AR AE P, NY/EA B/ AL B A7 78 -OH 4l 4K 5] tBA B, PR T &
BRFRZRM, FIHLERER 96.33%; (HEAAT LRI W T, FXAEMATILRE 67.09% % =
32.72%(WL 1l 3). I, NyEA UL 3 i A2 1 -OH A AL/E R, RWRINE 4 LR E AT i
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Fig.2 Ethyl acetate removal performance in the nitrogen/ AIEHHE TOC RRE
cthyl acetate (N,/EA) microbubble and common Fig. 3. Accumulation amount of TOC in liquid phase in the
bubble treatment nitrogen/ ethyl acetate (N,/EA) microbubble and common

bubble treatment
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FEF) e % FEA A, BHEEF $ acetate (O5/EA) microbubble and common bubble treatment
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Fig. 5 The accumulation amount of TOC in liquid phase
in the ozone/ ethyl acetate (O5/EA) microbubble and
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Fig. 6 /Balance of ozone accumulation amount and
reaction efficiency R in the ozone/ ethyl acetate
(O4/EA) microbubble and common bubble treatment
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Fig. 7 Gas chromatograms of water medium in ozone/ ethyl
acetate (O5/EA) microbubble treatment at 40 min
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Fig. 8 Actual and theoretical dissolved ethyl acetate
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and common bubble as well as ozone/ ethyl acetate (O,/EA)
microbubble and common bubble treatment
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W R &M =0, =0 RAK (6) I (7), BUSEIRR BE T £ R £ g 10 s f 45 B2 ol 83 000
mg- L™, 5 In(c—) 5t MR RZMRER, R Ka, LM TRS Ka N 3.0<10° min '(R*=0.99).,
R, H T sesh e /M T e, 8 (6) IR B), Bl e 5 e WM R, REN Kac,, o
c G IR FR, BRIBPR A 0.248 3 mg-L 'min '(R>=0.99), 5 K, ac, i+51H 0.249 0 mg:L "min "—%{,

d
d—j =Kia(es—c¢) (6)
m(CS)z—mﬂz )
c,—¢C
dc
i Kiac, 8)

d(cmi —0)
dr
X Ka RO OBEWA SEFUE TR RE, min'; o HIBMEHLIR OB, mgL™;
c Nt 2GR O TR CTR R i B, mg L™,

NL/EA L . Oy/EA B /< N385 3 A 7 Ak B 2,8 20 TR <A [ R A7 78 4% T W o B A b ik
2, AR @) IE LR BRAE T8l 112 Kac, (8, 5514 0.472 8(R*=1). 0.303 6(R*=0.99) 1 0.474 8
(R=1) mg-(Lmin) 'c #F—HARIERX 9) 5 (cwip—c) 5 e LML R MR T &k, R NJEA B
Oy/EA Sl A8 38 S h W s LR SR AL AL B 2%, 430024 0.309 0(R*=1). 0.207 1(R*=
0.99) F1 0.458 4(R*=1) mg-(L-min) ',

M Ak DA A% 5 R0 S RS AT N, NG/EA R0 A 38 A DL S Oy/BA ol /=0 3t 38 A< i ik
P 2R £ T AR R A o R AL AT AR P S R Bl g 2 A b BES E) P 384 A R IR G SN . Ny/EA 38 i
M A% BT R B /N, Oy/EA 38 S i T4 (L S B AR AE 1% BTl e A5 B 1 o, B4 3R R BCH
122, N,/EA Fil OyEA T/ 4% sk e ey, HLEEASAH M, PRI T B0 T8 00 A% ot R s o R 1 ik A
YER . [FIBF, NyYEA UL Oy EA U A8 i, A itk 56 55 4% R 1 F A 430k
0.65. 0.68 110.97, [HIt, N/EA S/ UM O/EA % 1 i b S AL 7 b 1R B S A T4 FR R, ik
S A R R WS-SR Ak o R A PR R 2, TR O TR TR VR T RAEA B . OyEA il A Y E AL BE
T NYEA U, H T 500000 1% T 2 A s AR, 43 NyEA U iy S e 1 el 5 5
T OJEA 38 i o T Oy/EA /< 4% i M &AL e 1 13 25 Ak, A Ak fb 3% 5 4% il 32 5
AP, WA A RBRRR IR =, IR TR ORI BRGNS, AR T LR LR AR KRR
JE = UL
24 ZEECEESAMH KR EETE

N,/BA S A3 - Oy/EA B3 A 38 Sy Ab BEAR R v, R T 7 e 36 4R I 3% 1% (ESR) X
DMPO-OH #EA7 Rl , 25 R an& 9 . 7E & 9 B4~ ESR Bl i 4] W ¢ ] DMPO-OH 15 %, X
HESE T R ALEE R i 0] 72 4R O, Ny/BA S i AU TC G Pk, AN RE 8 2o 3= 1 B i 4 e 24
PEHIF= 4 -OH(ML=X (10)), Ht, DMPO-OH {555 E ik, TR ™=40-OH A, #-OH ff
Aec il IR A TP A, TR BB R A L, I kA2 (D) s RO SE R & 1 TR 2 TR LAk
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=k )

i 2 on (10)
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Oy/EA 18 I P ml a2 73 ik R 40 A 20 7 2B -OH( W 3K (12)~(15))%), DMPO-OH {5 5 52 &
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Fig. 9 DMPO-OH signals in ESR spectra of differentwater samples
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TSR A RS A 27 A2 -OH Wl ph TR ARG PR | R RCR &, U W 4 A 38
fiff LA il A -OHL A/ A AT [ B i AR P27, -OH = AR & KR #it i, # DMPO-OH 15 55 Ji
B2 5 T NyYEA U Oy/EA 558 i

O;+0OH™ — HO; +0, (12)
0;+HO; --OH+O0; +0; (13)
0;+0; - 0;+0, (14)

0; +H,0— -OH+OH" + 0, (15)
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FCAA AR e B o A O B (16) Fiz S Bl T, 7R OYEA B, i 3 -OH 7 AR BI0R
R, -OH S0 S A B0 o, [ AR R A P A AR SO L ST, BT DA 5 BR 55 8 TOC BT i AR R 4 B
TR, BDRAEHE /N, RAAARPAARE .

20—n n+8

)O3+C4H802 — 4C02+(T)H20 (16)

n(-OH) + (

1) R R A AL TSR AL 5 T M TR 2 TR AR W -4 AR A BRALR . NY/EA B3 A 384 JFC T2 0l
ZBRBCRME— A E I BT R, BT OROERKEERSR, 1L NYEA K% 38 < b B X
TR TR AT MR WS 3 8 T % FR R A IR s 3%

2) WA 2R TOC &t 5 B A il TOC & 2 M W/ T < TOC &, 3R B N/EA it < i b 38
o, BRAFER G FRAL , AT REAAAE WIS LR SR i A AL fh i 72

3) R A A B R R AR AR, R Ak -OH Ak I i, v R AL R s, HEM
BRI HRGA 5 85.5%, = T35 38 it B AL i FE 11 58.6%; LA THFE RS LR 4T TOC bR L
{H R IMIKZE 1.04 mgmg ™", B EAK T 538 < R AL R 1.53 mgrmg o RS 5L Ui B At v 4
AL 5 5 LR R P I AR Y B4R /D BRSO W AR T

4) R R AR B 2R £ TR AR T WOSORT AR AR AR B A A B R B 1 TR, R
ARk 1 5 55 15 I SR Ay, AT S EE 2R SR UM K RS e R s B

2 £ X Wk
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Treatment of high-concentration ethyl acetate gas by enhanced absorption and

oxidation using microbubble and ozonation
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Abstract The ethyl acetate removal performance, dynamics and oxidation reaction process in microbubble
ozonation enhancing absorption-oxidation process were investigated. Results showed that microbubble
ozonation could increase absorption and oxidation efficiency of soluble ethyl acetate gas. The total average
removal efficiency of ethyl acetate was higher than 96% and the average mineralization efficiencies of ethyl
acetate was 90.22% using microbubble ozonation, which were higher than 63.25% and 47.15% respectively
using common bubble ozoantion. The ozone utilization efficiency was increased in microbubble ozoantion and
the cumulative ozone utilization efficiency reached to.85.5%, which was higher than 58.6% in common bubble
ozoantion. The ozonation reaction efficiency was also improved in microbubble ozonation due to enhanced -OH
oxidation. The ratio of ozone consumption to TOC removal of ethyl acetate was only 1.04 mg-mg ™', which was
lower than 1.53 mg:-mg' in common bubble ozonation. Both absorption and oxidation process of ethyl acetate
were in accordance with the apparent zero order dynamics in microbubble ozonation. The oxidation
mineralization rate of ethyl acetate was almost the same with its absorption rate in microbubble ozonation and
this could realize long-term stable and efficient treatment of ethyl acetate gas.

Keywords  microbubble; ozonation; ethyl acetate gas; absorption-oxidation dynamics; ‘OH oxidation

reaction
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