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Pretreatment of High-Concentration Acrylic Acid Wastewater by the Multi-Stage

Microaerobic Biological Fluidized Bed Reactor

LI Sha'?, ZHENG Sheng-zhi'*, SONG Yu-dong”, ZHOU Yue-xi’, ZHU Chang-jun', LIU Shu-ling’, PAN Ling’,
PU Wen-jing’

(1. College of Urban Construction, Hebei University of Engineering, Handan 056038, China; 2. Research Center of Water Pollution
Control Technology, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3. Research Institute of Jilin
Petrochemical Co. Ltd, PetroChina, Jilin 132021, China)

Abstract: A multi-stage microaerobic biological fluidized bed reactor was used for the pretreatment of synthetic wastewater containing
high concentration of acrylic acid (AA). The effect of influent load was investigated and the intermediate products of acrylic acid
degradation were analyzed. It indicated that the removal rate of AA was above 95% with effluent acrylic acid less than 150 mg-L ™" and
COD removal rate of 15%-30% , under the following conditions; hydraulic retention time of 12 h, waste water temperature of 25°C ,
influent acrylic acid concentration of 3 000-9 000 mg-L ™", volume load of 6. 0-18. 0 kg-(m®+d) ~'. The main intermediate products of
acrylic acid degradation were acetic and propionic acids. The multi-stage microaerobic biological fluidized bed reactor can transform
each 1. 00 mol acrylic acid into 0.22 mol acetic acid and 0.36 mol propionic acid, and achieve the pretreatment of acrylic acid
wastewater at high loads.

Key words : multi-stage microaerobic biological fluidized bed reactor; acrylic acid wastewater; pretreatment; acetic acid; propionic acid
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Fig. 1 Flow diagram for experimental process

1.2 5

BRI U AL BESERE K () UASB S I o JoUkL
158, H VSS/SS =0.65. AW, AW BRI A
N SR SEHE AT RE B R k. AT,
K N T R A Ak i I AR5 e A A=)
AR RS TEBE PR AR AR 500 mg- L' FI1 000
mg- L™ NG ER A BCE KR T 9IE, 2 J5 K FE R I
UG A R AR e A O 2 , A T i RIE 1 TR
BeFh e , 25 A W A DR B 25 v 8 T 8k
(LA VSSit)#420.0 g-L7".

1.3 EEK

VIR TR () J& M IR S LR 28 /K i = 25
ey, H oD (5 80% LA BN A SR H
PR P /KB T RS R A2 7K . i R Fh R s PR
it Sk EL (NH, CL) FgiiR — &80 (KH, PO, ) 7 il
BAY TR A, BEEFRY, %M COD: N: P =
200:5: 1, Jf] NaOH 35 7EK pH (HTE 7.0 I£47. A
] B B B PR 7K AL an & 1 T,

VAR e s s U)J5 , 7€ HRT A 12 h, &K
25°C + 1°C M T RV AR LLIa AT, 5 A it A A
0.5 mg-L™'"LAF, ORP £ #£ - 200 mV DLF il i
2 v K D TR R R 3 A 8 v I 7 4 971 4

%1 FEMRREHKER mg-L"!

Table 1 ~ Synthetic wastewater compositions at different stages/mg-1 "

BT E/d IR N NH, Cl KH, PO,
1~2 1305.6 126.9 29.2
3~14 3916.7 380.7 87.6

15 ~20 5222.2 507.6 116. 8
21 ~26 6527.8 634.5 146.0
27 ~33 7833.3 761. 4 175.2
34 ~41 9138.9 888.3 204. 4
42 ~50 10444. 4 1015.2 233.6
51 ~57 11750.0 1142.1 262. 8
58 ~62 13055.6 1269.0 292.0
62 ~102 16 319.4 1586.2 365.0

1.4 sybram H S5m0k

COD K H CTL-12 R Ak 2= 75 4 s A (AR A
AR ) M AE , TR 0 (DO R A T F A SR P I8 i
AL S ORP i I &, 1B & W& 1 1Ak ik 2
(MLSS)!™ | R & W ¥ & Tk B 7% K ke
(MLVSS) 2 SR FH i 0 <

VIR . TR RN R A0 2 >R FH SCHR[ 21 ] 1
2, B 3% DIONEX ICS-1000 % B 25 (4,
TEAE A TonPac AS11-HC, #l1H|#% 4 ASRS 4 mm , k¥
M 5 mmol-L~" NaOH /AK.

2 HRE5H

2.1 KA A X s R i A FHASCAR B 5 i
2.1.1 NMIREBRECR

ANTRIHE K PR TR R BEE T 52 7 8 o R A TR 1) 2 B
TEOLANE 2 FE 3 B, dE 2 0] 0L, 7 HE K N s
fi v B A3 000 mg- L' 3% 25 2 5 %119 000 mg-L~" Y
AR (1 ~41 d) , J N 25 35 4 e 1 KoK
HIK R ERAE 150 mg-L~' LIR, TN IR 25 B R AE
95% LA 1. HEA I A N R 25 AR ey 34 3] 18,0
kg (m®+d) ™", W T A 2 AR R AR f
R ESRFI 6.0 kge (m®-d) ~TRYTAST. Ho AR
1 AR N IR TR R 1 B LA, Y /K N I TR Wk
H7000 mg-L "B 5 14K B TPIRR 25 R A 91%
DL b S K NI BRI BE 9 000 mg- L', 55 1 4%
FUET 2 4% 00 M R 25 BB A 4 il 3k 72.0
kg+(m®-d) “'H136.0 kg- (m®~d) =", KR Y 7N U R
FBRRIY A 82% L) 1 94% L) E.

258 K N s R M FE 7E 10 000 ~ 12 500 mg- L~
I, HASFRAA AT K 20.0 ~25.0 kg (m*-d) "B, &
SR IV i AR X P R 25 B 32 7E 80% LA I HZ i
IR R M 151 000 ~ 2300 mg-L~". H 551
FEALFRRE 1 T BRI ok 25, X R K TN 0 TR R
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10000 mg-L~"BF, 28 1 M5 2RARE W A D =K,
K ISR N 460 mg-L ™' 2o A7, 24 #E /K PN 4R 1R
W12 500 mg- L', AR W R i 7%, K BRak
BRFE 1 LR 40% A4 HL P, 2
B3 5% 565 1 & B it JE A4S 38 2R Xof TR 04 2 1) 2 Bk
A7), X BB TR N R B far ok i S 3O
T A T B 1 SN g N R R A B S aE
— R TS, WG I B 1 %
FEARE I ISR L BRAE 1. K DS s B vk T g it
TR BF 1A% DA T W S R DN O TR 2 B R ] 4
FiiR, AT LAE ), 24 0 N TS 94 TR Wk JEE 7F 2 000
mg- L™ DL I, Bl TR0 T W 88 2 5, TR TR 2 B
BRI R 2 RN A% TS IR vk FE 4 R #2000
mg- L7 UL L, B DM R VR B 1) 2 5, TR TR 25 B
R R FIRZE SR, RN & P AR P el
322000 mg-L ™" DS MEIR , SOINE #% PN DA TR 1 428 1l
LR LLF .
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Fig. 2 Reactor performance of acrylic acid removal

at different stages
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Fig. 3 Removal efficiency of acrylic acid
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Fig. 4 Removal rate of acrylic acid in the 1* cell
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Fig. 5 Reactor performance of COD removal at different stages
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IR B R BRF R 95% LU I, 1fii COD 2% BR R4 N
15% ~30% , VbW P IR AR 58 R A, TR A -
EAEIY.
2.2 NIRRT P 53 b

I 7K R A AR 0 -5 i 56 A ( GC-
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ATEER LM, B | AR BT R, 25 2 3
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1| MR A LB 5 LR AN TR R 1Y A i (181 6)
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Fig. 7 Correlation analysis between acrylic acid removal and acetic, propionic

acids production in the 1% cell of microaerobic fluidized bed reactor
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H T PR W R 0 T A 4 1) B A R g, A TN
TR PE 7K A Wy A 3 T2 22 A7 A Kb 38 7 A it PR 174 )
. Dohanyos 020 SR i R A A W S 7
AbBE TN s R % K, E HE K COD R BECH 10 ~ 15
gL' k7K COD fifaf 2.0 ~2.5 kg+(m’+d) ™",
TFREER 5.5 ~6 d BIARIFET, IRER Y LR AT
ikF 98% VU I iR mt a4k 1.6 d, Bl COD
AN 7.8 kg (m’-d) ~'I AL FRRCR AR R FAE
Fgse 7= A 455 1E. Demirer %[m;&ﬁﬁ%ﬁ*jfﬁ()ﬁfﬁﬁ
UASB &2 i £ 19 b 38 P9 45 2 % 7K (3 000 mg-L™"),
FEASEART ]2 5.7 h, PO R 19 25 BRLIA far o 12,6
kge (m’-d) “THISMEN PVIRIR KBRS 93% LA L.
T AR PR Y R A SR Ak PR A L e R TR U R
(6244 mg-L~") FXFH HEIRAHR (1 000 mg-L™") 1R
A K, £ COD % B fif A 7.96 ~ 9.83
kge (m’-d) B PUIRRRAFAS B4 AL LBk, 7K COD
iKF] GB 8978-1996 #E (= L HEMUbRE. 2% T 4B
5 SR A A R T AR T Ak B TR M R R R K,

40000 mg-L™' N MR AE 3 h [ 45 B 17 17 320
kge (m®-d) =" TR R B gl B e TR R R TR 2, (R
TR AR R R SR R, AR K, HLfig

AHIF 5T B F P9I R (0 T P R AL B, SR FH A
AR, 7E 5 s 50 N N IR RS A R B PEAIG
H2 857 B e R ) L RR AR R 8 7K T s
9 000 mg-L~" B, 55 1 A FIET 2 4% (14 25 B Ao 43
535 72.0 kg+(m’-d) ~'F136.0 kg+ (m’-d) " AHRE
(TN RE R 25 BRI 18 2] 829% LA L1 949% LA L, B
R Tk RGE. P, R S R AN BRI
I TR ) VG W il ( COD 2R %A 15% ~30% ) , fHH]
SR e R 1 v 7T P A T R R U AR AR
IRA, LA T Je 7= F e A B, PRI 38 - e R B T 0
P 1% K 1 T Ak 2R

4 it

(1) ZR AR W T A IR O 7 AL B 5 e
WIRERIE K FaEis 115 , 76 HRT 4 12 h, #EK P9
PR M BE 93 000 ~9 000 mg-L~", PNM R 2 AR ff
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6.0 ~18.0 kg- (m’+d) ~"BISRMT X NIEIR KPR F
£ 95% L I ,COD ZBR#%EH 15% ~30% , KA
IR E <150 mg-L~".

(2) ZHHEEPRALIR T, 58 1 A& Z TN I R
AL £ B0, NG IR i o A i LR PN IR
S EBR 1 mol PIMIRAE K 0. 22 mol LR AN 0. 36
mol NFZ.

(3) 2 i 4 PN 3 & 0 T 0 TR VR B (>2 000
mg- L") St AR W R AT R R R e e X
RS TR P 56 i
SEHR .
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