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Treatment of High-Concentration Butyl-Acrylate-Production Wastewater by A

Three-Phase Biological Fluidized Bed Reactor
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Abstract: The butyl-acrylate-production wastewater was treated by a three-phase biological fluidized bed reactor. The influences of
acrylic acid concentrations, p-toluenesulfonic acid concentrations, volumic load and hydraulic retention time on pollutants removal
efficiencies were investigated. It was indicated that the reactor was suitable for the treatment of butyl-acrylate-production wastewater at
a high loading rate. Acrylic acid of 100 mg/L or p-toluenesulfonic acid of 50 mg/L in the influent can inhibit the unacclimated
microorganisms in the fluidized bed reactor. The inhibition effects were eliminated after an acclimation of two weeks. Acrylic acid and
p-toluenesulfonic acid could be removed completely at COD loading rates up to 11.56-13.56 kg/(m’+d). The effluent COD could
satisfy the demand of Class Il in Chinese Integrated Wastewater Discharge Standard ( GB 8978-1996) at COD loading rates up to 8. 86
kg/(m’+d) when influent COD concentration is below 2 000 mg/L. When the influent COD concentration was increased to 9 550-
11 800 mg/L(acrylic acid of 6 244 mg/L and p-toluenesulfonic acid of 1 000 mg/L), the effluent COD was 271-360 mg/L, which
satisfied the demand of Class Il in Chinese Integrated Wastewater Discharge Standard ( GB 8978-1996) at COD loading rates of 7. 96-
9.83 kg/(m’-d).
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Fig.1 Diagram of three-phase biological fluidized bed

L4 AR AR KT N, P 4r5 i 1k & Fn ik iR
AR AL F IR COD:N: P = 100:5: 1A 5 R LD
il , EK pH F SR AL BRI T 2 . SR B AR
K, HECK A 10 ¢/LiY NaCl.
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COD . P I % v | CTL- 12 7 4k 2% 75 48 5 3 )
A5 &R A8 B R e e 3k, 752 NSRS AT D 43 o
JERETE 5 V5 e 48 B0 A o T HE T 5 AR A1 K D B
AL . QUANTA 200 4 L+ B U8 ; T8 I R
X LR RS R . Dionex 1CS-1000 B 7 {4 3% 4% [
FHL M Z% ; ASRS 4 mm I ] #% ; IonPac AS11-HC Bf
BT 045 H: ; Chromeleon (6. 50 SP2) {44 T {Eul ] ;
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Ui 75 mA;BERERE N 25 L.
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SEB A S M A A K S R R R T SR
FNEARNHMY R AE KA RFF B 0 FF 0 RIBk A,
WIS i P COD K BR 33K 80% LA -, [ I i 56 I
Ja 8.

(2) HEK NI TR YR FE I s2m 8 il 2F 7K COD
H1500 mg/L, P9 M R ¥ B ¥ 50, 100, 200, 400,
800, 1125 mg/L FhEEZ 88 &, A 2 1 i U5 £h 8 4
WERNFE , BIF 5 2F 7K R M T U A ke B X = A A v Ak
PR AL SR80 B 52 )

(3) %t H SRR R VA B2 (W 52 ) o TR0 R A by
RIS B 50, 100, 150 mg/LX} B K2
T 1R, AH L R IR P9 M IR Wk FE LA R IR i 7K COD
1500 mg/L, 25 %X F 24 i iR o J2 7K Ak 3280 SR 1
AR

(4) BT (OLR) W52 #253F K COD
%2000 mg/L, BI N M B2 ¥ 2 1 245 mg/L, XJ H R
TR MR VA 200 mg/L, AR A MG fartH 6 kg/(m’-d)
BIE 8 kg/(m’+d) , T AU BV fE 12 1.

(5) /K J7 {582 Wfa) ( HRT) (520 3 i i h 52
PH AT HE KR BESE HRT 4300 8L 6, 4 h 44T,
MY AR XS IR R | 6 EOR R . COD 1Y
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(6) f e BE KA I o 5 25 RO fop AN
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JE KA B ASCR (R 5 AN ) 2 BT . A A AR R
IEAT R 25 d, AR T A ) B A K AR T A R X
AT L R R AR E AE 80% LA I, IV 4w 58 MU Bl
B IF R INA 50 mg/L BRI IR , A & BN
BT 55 28 d TN M PR VR B 2 =5 31 100 me/L,
5530 d W5 B R 3R 1 AR W Bl T o8 A VK oK
COD M Z R 129 mg/L TH& £ 422 mg/L, 58] 100
mg/ LI A 96 T 0 B A IR T 08 A= W 2 B VE B &2
2ot 12 d ML, TR IE H . % A B TN 0 TR R
% 200, 400 1800 mg/L, A WL X i AE A BH 41
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KA E B, COD 58 4 R A M R $ 43t | 08 2% 51 3%
PRR A YRR i 4, KB IR W 2 ) RN 2
PN RE DA B fhi i M8 I B A K 0 AR BT kL ke T
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Fig.2 Effect of acrylic acid concentrations on COD removal
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Fig.4 Effect of volumic load on COD removal
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A AR G2 b ABAT AN BE 3K B — S HEHObR o 5 45
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199 mg/L,ik %] GB 8978-1996 M & HY = 9 HE ikt b
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Table 1  Process parameters at different hydraulic retention time

B AT I [H] HRT 7K COD AR 10
/d /h /mg-17! /kge (m*-d) ™!

172 ~ 191 6 1837 ~2216 7.35 ~8.86

192 ~210 8 1888 ~2016 5.66 ~6.05

211 ~241 4 1927 ~2 260 11.56 ~13.56
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Fig.5 Effect of HRT on COD removal
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Fig. 6 Performance of three-phase biological fluidized bed

for high concentration arylate wastewater treatment
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Fig.7 SEM photographs of suspended- or attached-growth microorganisms in the biological fluidized bed
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. 40 Demirer 25" BF9E T N4 TR 7E UASB 2 1 2%

IR S AL, 2 K TR & 2 93 000 mg/L, 25 PR
fai 4 3.6 kg/(m’-d) i}, COD ZBR3F N 45% . Stewart

4 VRIESY R 1 500 me/ LI 4 R % DR 8 AE 4 a3
YERAR K, 7 B e 32 0 i J5 AR ME 7% 2. Dohanyos
25 LSRR i PR R W B TR A A B T U TR
K AEBE/K COD ¥R 4 10 ~ 15 g/L, #7K COD i fif
H2~2.5kg/(m*-d), (FEETHNS5.5~6 d W5
P, P R A 2 B R AT 3k 5 98% LA I 5 245 B4 it
B 45 % S 1.6 d, Bl CcOD #& Bl f far A 7.8
kg/(m’-d) if, &b B A% AR A5 OR B2 o, W ObE e kR
51k

B S A 3TN 97 R B TR 2 IR /K I A D 5 8K
TS0 SR N S A W T A A Ak B TN 0 TR
K, LAF R A AL Ak, cOD FRGA MR 5.5 ~7.5
kg/(m’«d) B P35 BR N 72, 4% %W LA M
A P K ok 3, #E7K COD fE1 277 ~2 276 mg/LZ
(], oA 2 0T H 5 Al 1R 45 T e 4 R R X A 3 K
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L LTI SR AR IR I R o i Ak A g =
A= 0 T PR Ak L5 AT 0 TR RTINS P R i TR ) P
MR T Wg A = K, SRR | AR SR AR M
REFEAIC , B ME A7 A . HIRAAL P T 2 A0 1,
A LA 32 B ) R OK A B A HLY IR AR R G
HACOK BARAE , B8 58 4% 2 BR I K Hf 1Y 74 03 TR
X SRR TR . 5 LA D 0 PR R 3L Al AR 9 15
GEAP AL IRAR L, TR A T % B/ B A 2
PR, AR T 1 5 3 REFEA , mi K Ak BE AR i, HL AT
T 5 A BIL G AT 26 PR T AR A5 B8 4 9 K OK B, B
AT I B4 RS

4 £

(1) #E7K 100 mg/L PN s 2 X5 i Ak IR v R 9l Ak
WA ERA — N FEFEM, #7K 50 mg/L X H 5L
AR TR 25 X8 TR 5 TR ) A i 7™ A . 225 9k Ttk
PR 2 B i Gy i) it 52 R 56 A B 04 42 v

(2)243k7K COD M1 837 ~2216 mg/L,HRT K
6 h,COD fifif <8.86 kg/(m’-d) i}, £t ¥4k COD
LB 5 95.2 % , H1 7K COD < 120 mg/L, i &
GB 8978-1996 HLiE i — AU bR 1fE.

(3) 247K COD 49550 ~ 18 000 mg/L,HRT Ky
30 h, COD % LG faf & 7.96 ~9.83 kg/(m’-d) i,
COD EPBRF[35 96.8% , Hi 7K COD 45 7E 271 ~ 360
mg/L,i5 %] GB 8978-1996 KiL5E 1) = e HERTAR .

(4) = HH A= W U A R Ak 3RS UL TR 0 R T R I
K, COD % L fa far o] DL ik #] 11.56 ~ 13.56
ke/(m’«d)  JEAK MR | X HY L DR B TR Y g 6%

(5) 87 20 3 2 s ik Ak AR g B, (45 = A A=
YmAL R I B TR AW AR SER | 2R R A
ZMAR M, O BRI E T BEA AR
PR TEA ORUE T A= W A R XS T M B2 T g 26 7 J%
KB e 4 A 3L
5% 3.
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