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Abstract: The microbubble ozonation was used to treat acid red 3R wastewater in order to investigate the influencing factors
on its performance. The effects of ozone dose, initial acid red 3R concentration and activated carbon on the performance of mi-

crobubble ozonation treatment of acid red 3R wastewater are investigated. The decolorization rate, TOC removal rate, pH vari-
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ation and ozone utilization efficiency in the microbubble ozonation treatment are compared under different treatment conditions.
The results indicate that when increasing ozone dose or decreasing initial acid red 3R concentration, both decolorization rate and
TOC removal rate of acid red 3R wastewater increase, but ozone utilization efficiency decreases. The coal-based activated car-
bon shows strong catalytic activity for microbubble ozonation, which could enhance the decolorization rate and TOC removal
rate of acid red 3R wastewater. The better performance of microbubble ozonation treatment is achieved when the ozone dose is
48. 3 mg/min and the initial acid red 3R mass concentration is 100 mg/L. Under these conditions, the decolorization efficiency

reaches to 100% after treatment for 30 min, the TOC removal efficiency reaches to 78. 0% after treatment for 120 min, the

1

reaction rate constant of TOC removal is 0. 015 min~! and the ozone utilization efficiency is higher than 99%. With addition of

the coal-based activated carbon of 5 g/L, the decolorization efficiency reaches to 100% after treatment for 15 min, the TOC
removal efficiency reaches to 91. 2% after treatment for 120 min and the reaction rate constant of TOC removal increases to
0. 037 min~'. The accumulation and following degradation of intermediate products of small molecule organic acid happens dur-
ing treatment process, and as a result, the solution pH decreases initially and then increases. Therefore, the optimization of
influencing factors for microbubble ozonation could increase both contaminant removal rate and ozone utilization efficiency, and

then improve treatment performance significantly.

Keywords : water pollution control engineering; ozonation; microbubble; acid red 3R wastewater; influencing factor
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Fig.1 Experimental apparatus
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2.1.1 PR

AN REBIMET MR A A AL TR PE R LT 3R K (9 I 6 SR BE B (] A9 28 fL [ 2 B "I RA
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Fig. 2 Decolorization efficiency in microbubble ozonation Fig. 3 'TOC removal efficiency in microbubble ozonation
treatment of acid red 3R wastewater at different treatment of acid red 3R wastewater at different

ozone dose ozone dose
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AUER, REFMEN 72. 6 mg/min B, 43 50 min J§ TOC KRB HAF 77. 34 % , i Ja Z 188,
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B IE] B S PRI B 6 B . FTLAE B, BR MR 4T 3R BRK B4R R B ¥k B R 50 mg/L B, 4L ¥ 60 min J§ TOC
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0.003 9 min~ ', WM, & BRIEKRL 3R FKM W E RSN, TOC LBREFAB TR, LHEIE P RE
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b, pH {E T MR B 00, Fr e e B RARAE 4. 55 JFAURA THE . F I FE YN A VLR G S B AL
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Fig. 6 TOC removal efficiency in microbubble ozo- Fig.7 Variation of solution pH in microbubble ozona-

nation treatment at different initial acid red tion treatment at different initial acid red 3R

3R wastewater concentration .
wastewater concentration

2.2.4 REAMAR

TEA R BRPE R AL 3R BROK W) Bk BE 25 AR T B AL AL BES 72 o, X 980 R SR VR B A R RR B kAT A U
HEREAFMR., GREZI,BIERLD 3R BRI MR RE N 100 A1 200 mg/L B, 5B AR &R F #AH R
ARBEWENMRT 0.4 mg/L, FHREMARE T 99. 4%, MM 3R BRIV IH R BEWKERKZE 50
mg/L i, 4B 50 min J5 [ BLH T R WA R AR ERBOR R AR D ETR P REAMHRE 99. 500
£ 95.9% ., AL, BRMERLL SR BK MBI E REIR)E  REF ARG TR, Bt AU PERYERL SR K
IKEIHI 46 R BE N 100 mg/L B 4k BSR4 .
2.3 ERHRMBSERKEIACEELRE

TEREBNE R 48. 3 mg/min, BR¥E KL 3R KK BIF) 46 B B ¥ BEE A 100 me/L, ¥4k pH B H 1
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KRB HR . TOC £BRA pH E K R A M AR, 70 B 16 v 5% 3 i R AR AL BEER PR R4 3R
PR PERERYRE M o SR EBUIN BT, 3 Ff I Pk 2 %k 6 JE 25 BR L P B S, 3R B 95 A AR BR Ak R 4T 3R K Y
W B RE 0 AR 55 .
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2.3.1 PR

BUIAJ B AR T ABURL I Ak 2 B S R R R AL AL B R R AL 3R SR K T R R B B BR R AL
W 8 . ATLLE B, 3 R YA FE R » i R AR A B R P K AL 3R B /K A €8 3R 35 B 100 56, B
& B[R] 2351 4 30,15 1 35 min, MG PR SR Bt 008 1 R A MEAL EALTE 1, FT B3 R M BR M R4 3R K
7K1 J € S 7 33 R, A5 AR 7 UL T 1 e i A R AR B AR AR
2.3.2 TOC E£BxR

BOANA R IR R 7 URL I k% B L B R R AL AL B R PR R AL 3R JBK S F ) TOC £ B2
LInE 9 Fim . FTLLR B, SO BT s R B AL B 70 min J§ TOC ZBRAERIE 3% 82. 2%, 43 120 min J§
BB 91, 206 5 T BN A AR 72 UL IS P R B, AL 2 120 min J§ TOC E£BREG1 K 78. 3%6#1 76. 9%, i
MR A B P s i TOC 25 BRI 38 Z F 5050 51 9 0. 037 10,025 min™ ", BB & T 50 R A AL A
f9 0.015 min'o AT UL, BE BRI BRI PE R B R A AL R AL TE T, BRI 7 A0 i R R AR Ak 1 oy T
HE— B4R E TOC MERER ., KFHEERF K, Na,Ca FWHMEE R & BEE, MK TR H Al Fe, Mg
SRESREEREESY, WHMERAMAEEER.
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Fig. 8 Decolorization efficiency in microbubble ozo-
nation treatment of acid red 3R wastewater

with different activated carbon

2.3.3 pH{HE

B AR R A8 e UL T P ik B TR
REGHEBRYE KL 3R EK SRS pH E
REET R A AL n & 10 frn . AT LAE B, 845
Jo OB 7 JSURL T R Ak B, VR pH E T R R
e, FREIERESE A, AL FE 50 min J5 43 RIfEE 3. 65
0 3.96, M5 B E R . WL, 7E T R Ak B 1 4k
YERT  BRPE KA 3R K B E AL R Al R T AR
& B R =W /Ny B LR B AR P, T S B
— 2 EALRE R .
2.3.4 REFMAE

B AR R A8 7 BURL T R kB, X AL 3
o 2 HR A R AR M HGR R ] E S TR, i
BREFMAR, 5RRI,3 FEERGER, X
MAARF AR EWEEMBGER R ERAREF

BRME k4 3R EK e TOC /e %

Fig.9 TOC removal efficiency in microbubble ozo-

nation treatment of acid red 3R wastewater

with different activated carbon
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TERRARAKF  ab B R P REEFI A RE T 99%.

DR R AR AL B A, 3 0 R 0 & AR ER £ K41 3R R/K BT 4h Wk B, BRME R 4L 3R K Y
iR TOC EREFHPE T BHREAFHEFT TR, HREHEMFAER 48. 3 mg/min R K
4T 3R /K W HE R B W B 4 100 mg/L B, 403 30 min M i 23K %] 100 %, 4038 120 min f§ TOC £
HKF 78.0%, TOC ERRFM N HFHEHN 0. 015 min ', FPHREFMARBAE T 99%. LEIBRSHF
ERRE =Y /Ny F AR EME S EERASR  HHEKY pHEEIETREA TGS,

2) 8 T3 M 0 B R R R B R R Y AL TE T L BB S 0 R R X R M R AL 3R R K Y i 6 B R
M TOC £BrER, EREFZMEN 48. 3 mg/min B KL 3R KK W IH R EWE R 100 mg/L R IE
PERRBEWE N 5 g/L B, AL FE 15 min G R K F] 100%, 4L 120 min A TOC EREFRW X H 91.2%,
TOC LBRFM L HEFH LN 0. 037 min ', BE R FRMMIWRA AR TR,

3) R AN & I5 Y WP 1R VR B RS R AL TR M R R A A BN EEE R, MR
REFAE W R FHTHAL, TIRES G R R RE R R R AR R, B ERHELE R,
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