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Ultrasonic Sedimentation—Air Flotation—Microfluidic Filtration for
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Abstract: The water quality of machine maintenance flushing wastewater fluctuates greatly, with
oil content of up to 103.2 mg/L, iron content of 3.5 mg/L, turbidity of 800 NTU, and COD of 10 706 mg/L.
Single air flotation cannot effectively remove these pollutants, resulting in deaths of a large number of
acitivated sludge in subsequent biochemical tanks. This study proposed a combined process of ultrasonic
sedimentation, air flotation, and microfluidic filtration as a pretreatment strategy for subsequent
biochemical processes. The results showed that ultrasonic precipitation achieved a turbidity removal rate

of 89.45% through acoustic agglomeration. Adding 25% hypochlorite to air flotation could oxidize and
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destroys the “water in oil” structure, resulting in a removal of 53.74% for oil. At the same time, Fe’* was
oxidized to Fe' , and form Fe(OH), precipitate, with an iron removal of 89.73%. Microfluidic filtration
utilized electrode electrolysis to produce more insoluble flocs, with COD sedimentation removal reaching
68.05%. During long-term operation, the iron content, oil content, and turbidity decreased by 96.3%,
92.5%, and 98.5% respectively compared to before the transformation, and the BOD;/COD increased from
0.15 to 0.40. The overall effluent quality of the sewage treatment plant met the requirements for washing
water in The Reuse of Urban Recycling Water—Water Quality Standard for Industrial Uses (GB/T 19923—
2005). The total investment for pretreatment was 1.31 million yuan, and the treatment cost was 3.80 yuan/

m’, which was 41% lower than before. The development of this process provides a new technological

approach for the biochemical pretreatment of machine maintenance flushing wastewater.

Key words:

microfluidic filtration; oil content; iron;

BLAE I 7K Ry AL A A% S5 i ok e T 2o A BT 7™ A
007 R SR VI T ISR a3 s aa e 7/D 131
fift ALBEXERE K. IR, B AKEREBE T, &
XPT5 P PR = A A LB 2 K A B S A R Bk
VK il 2 Gl ¥ K FE2E R Tl 7K K 5
(GB/T 19923—2005) 23K o A H1 4% 1l o3 7 s X Ab
FRALCRA BT, N = R B COD 238 i i 4k
BATTIR B fr )RR T Ry R AF AR AR AR
JK 25 1 4b B S 75 35 31 BOD/COD>0. 314, Bk & & i
1t 10 mg/L 23 X5 1A= W It S0l 1) B B A ] =
[ PR B T 1R A 4 R H A A B35 e 42 i A
TR AR, S S5 e K FE T — By 45 il
FE60 NTU LA R 12 5 BOUK AR R I B B, fif
IR R, SO FE R /N T 10 mg/LM . £5 1L L
16 PR K WAL BT 2500t /9 H Y IR COD LB |
R R A IR IR I T A e

F TR 2 RO PR AL AR TR AR R L B
IR YR % 1 i 1 YA R0 1 SR WA e (1] i}
Sy O BURL , 1) 2 B 22 5 0T 1R TA) s 2B Th H
B0 o SR AESTF Hoin A R SR R R R A A AL R
(PAC) 22 BEF MRt , 23 IR T A 4k " 454, JF Ik
Fe(OH), 225ER , SCBIBRER H W' Bl A s
HL 2R AR T PR S0y v AR ML Y
Gy FEEAT S SR, DURR RS DT AR AR I v
AT ZEZHERBE T2 AR ERITT WAL 2,
FEIT AR 3 7 A T AR MO, LAY R & i % K
AbFRHR-AIE BT 1 S

machine maintenance flushing wastewater;

turbidity

ultrasonic pretreatment; air flotation;
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Fig.1 Flow chart of machine maintenance flushing

wastewater treatment process before and after

transformation
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JE A 8 mm B AR T B 6 A 3L, A e U 4 A DR
N3 AT 11 B AR T H AR FH T L B2 xS
1 mx1 m, &R em, B 40 ecm, H FHH 10
em /K2, 11T 5 R BARFE Al 2 5E , T &80 2~4 mm R
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15 RO ) R, R FH R P T it 2 B3k 5 ek 22 4 Tt
o [ 2 R P UOvE T s SR R O R . K
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Fig.2 Turbidity at different water depths in ultrasonic

sedimentation tank
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Fig.4 Effect of reagent residue on sludge properties
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AR TRADIEERE.
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15T COD BYEBRFAT3K 90% 247, 4k DO Ik
FER 1. 42 mg/L A FIEHJEFIN . I 4(b) AT,
Bl I 2 5 RN, 55 1 K V28 5 R VR 10 R DO Y
BEr B H 1.41.1.48.1.10 mg/L & % 1. 23.0. 95,
0. 88 mg/L, 3X 3 K 1Y DO ¥k Ji # it 45 fin 24 & 1) 15
TR/ | 33X 2 PR A R S R AR AT LA K A1 HL
RNy FA ALY N ITTTEAE R Z2 I 5. X
/N WU A R T e R R 22 R TR
AR B T A KPR B, &5
15 VTR BB RN SV 38 i1, 5075 U8 1T R L AN fit
AR E U HE . R SR B AR B/ N B I Ry 55 1
RVFSK H 10K, B, COD LBRBEMIIK,
THFER I R A %

A 4(e) AT 56 1R 55 5K V58 10 K MLSS
W E 435 3 050.3 500.,4 125 mg/L FEAK 2 2 900,
3200.3 850 mg/L, 1 AT T, MLSS ¥ i 5 Jin 24 2 5%
FRANK . MLSS ¥ J3 [ 5 I (8] 3§ I 14 %, 52 B

JEoKH COD MR B B v, HEEAR B A AL /Ny 7 A
FI 5 e S A 4 o A , 3 B A B S B S

1EH B SVIJEH My 45~120 mL/g> . H & 4(d)
AT, AR )R, SV 4B 25 45 24 5 A 18 i 42 b 7
A Uk B 24 00 5% B 0 0 SV IE mE A . {H Rl
IS ] B 35 0 SV it/ )s | 25 s 3 B A e g rh oA
ML far A PR, Bt 5 BSF B0 B9 3850, A5 WL e 3 e ik
fif, LG SVIREAR . 25 b, % & ] SV>13% . DO>1
mg/L UL K SVI ik 2| 45 mL/g, e 20 2 £ 150 mL J&
K FRI AR SR ER A PAC 43514 300 L F1200 mg.
2.4 ZHFIRTH KRR B AR

Hy T 4% hn vk SR £ Fl PAC 23 5% 1 J5% /K 19 484k
W JE LA (ORP) , ORP ¥4 i, W3 4 35 U A hi 28 3
FEHE T MR —co—-3— 2 L PR TR 3 R Wy 4 43 v 3-FR ik
I T LA B JEE O 43 B KT, 0 A K 2 R s 5 )
G ISR TR AR T I 22 e 1
S, 25 R ULE S, mT UL, gy )5 ORP &2 BT ¥,
ARG Bl A 2 2 B30, AILAE I 7K (%) 3 D 1 ik
5. JEKAIHI LR ORP £ H-40. 5 mV, J& T 16 JFAA
ZR 3 55 I AT AR 5 0 T Ak M e A — B
ZJ5 ORPiZ# ETFE-16.5 mV 247, X & K %
T R SR R FLA W s 1 S8 A 1 L nT SR AR T LK 25
¥, S HBOKAR ORP BT oAb, Yk SRR ER B0
TP AR, IR i — Ao = k. BT
JIras IE HLfof 4 22, KRB ORP K 7 . [R] A, PAC 7K
il = Wy IR HL AT, R T LI A . HAEAS
[ 4% 25 5 ORP AH 22 A K, BEEH K (AR &+ 0
L EFERUE 10 d )5 , A2 2 AR RZ I
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Fig.5 Effect of detergent ratios on ORP of effluent
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2.5 REEEER COD IR SNMIE

AR ARTE S K TR R (R % K coD
WBEATD AR B o HUE I R a0 8 e ) 2
AW, FEOLE PR HIA 7~9 mS/lem. Y H L
W LR B U IR S T i), B &g Z LR
TR A E b2 AL S R . AR N A i g g
P22 2 PR T T L 22 (PR R 1 Viem, L
W N 0.8 mA/em?) , = A2 2R ZE B COD i it
VEBT T P A Ay SEURE Ao 8 25 B AK BT S AR
PEZARFICOD, aNE 3 7 , 48 B 2R B+ 1 1 e it U6
J& MR (COD | 5y i IR B i 70 Il B 22 3~5 NTU
1 500~2 000 mg/L. 0. 39~0. 52 mg/L Fl 0. 2~0. 3 mg/
L, JHE b 5 9 o A A AN B AR R A K e e 2 R
fiff i, ELATLAS Il K o Al 8 - A8 3 T T R R fifT
T LT R ALAR 3 5, B ) SA& 2 TRk [l 4 s
)RR , T B0 2R BEBR IR AN, COD il
J R B 25 B 5 4 0l vl LA GA 3] 68. 05% . 68. 77% I
41.17%. TEHRIGZRMT KA CIHE 8 2 ik
A= B CL, I 1E— 25 K A R 1O, TRT IR i PAC He,
B ALY, — 7 TH CL, 5 7K 5 28 e A g A LS
W, 55— 7 T ClO™ 34> 5 Gy & Bk A2 )
J R B AN R R S5 /N T 5, e &
WAL AT CO, R H,0 0 AN, A IK A R LA B
ALCOH)* AL(OH), F1 ALCOH) , %5 7= 4, Hottr A K i
B4 A R A, AT R A e ) SR A R TR ORI
BF I T B 3R S AR ) s P 25 0 ALY e K e 7 40
BN, Rl AR A AR O, B IS A R AR A
Y, A A TE) P AR B R 1 R A, W e ) B
o, B2 SRR, TR IR COD Ve B, AN 5
i rp e A ) B D R K HR B B T R TR R i ¢
BTG A 6 R R A4 K B A B HE O
2.6 IJKITIBITIER

ZTRT 20234 11 A A1, 20l % 2L
IR, 7 2024 4F 1 H—2 F X 45 Ab B RS0 K AT T
LoRUIL I 0= B = W 1] B2 P 8 = Gl = < R &
T RE 15, A RGN COD VB U VB A
B B 2 BR R 4 AT LA B 99. 53% ,97. 71%
99. 81%.94. 19% .95. 10% £1 99. 81%, Hi /K 7K Jii ik
) AR, St dled e, AR it oK T A fl A
NI ek . OERT, P RTE AL T2 K
COD 5 £\ B2 A il 2 5331 2 9 700 mg/L 2. 7
mg/L. 120 NTU F10. 8 mg/L, Ifij 403k J5 il 455 1 D 2%

KB R 4 AR BRE R IRBEAR, 26 & it i
VR T A i 2B A T K K
F1 HUEEKET AR FRIK RIS
Tab.1 Removal effect of the pretreatment for

maintenance flushing wastewater

W H jERH &F‘Eiﬁﬁ %?%ijﬁ%‘%ﬁimm
oK | K | K ERR K] HK
BOD,/COD 0.1 03 |033| 04 —
COD/(mg-L™) [10706| 5859 [5459| 4137 | 50
g /(mg- L") | 3.5 1.5 1 0.1 0.08
PhEE/NTU 800 130 80 1.8 1.5
Bt/ (mg-L7) | 103.2 | 0.753 | 0.08 | <0.06 |<0.06
FA/N(mg-L") | 296 | 227 | 21.1 | 213 | 145
B/ (mg-L7Y) | 3777 | 1096 |10.65| 10.52 | 0.07

2.7 BZFHESH

TARBIRA R 131 7w, Hod i & TR
S 84.25 106, BLEM B I T RE 982 R 46. 75 T7
JGo 15K BT 2 A TE HL 2%, NaOH R & 4k
B RN TR 2 AR R R SR 2 B, DA
N T 2%, BE S TR 6. 48 Jo/m’,
i I R 2 3. 80 JU/m?, Bast T 3k A 41%.

30 RN TR AR IR R +UASBIR I +A0 T
CANEE SR K K B R 9. 5 md, A HL 2 R
10. 29 Jo/m?, 257 3%}y 10. 73 J0/m*, HEE 4T A
iK#29.79 Jo/m’, WA H [ Zh b F2 B b
KPR, T4 HL 2R 24 300 2% 435U 0. 5.2 41 JT/
m’, [AIE, PR /D T4 T B SR IR A T AR 1 B
AETT RRAR AR 2 24 TT 00 . AR R o] SE K
Ui A AT R 5 TG R B, BRI AR 24 37 T T
3 “it

O RAES VIR ESERE S T2
T BB 7K, 2588 75 A R AR UITE M) HRT 43
A 3. 4 min F132. 3 min I, %t BE % 25 6K 1] ik
89.45% ., & B IF/K S5 R BF[H] 4 86. 4 min, A
25% AR SRR ER W] A 507 HE AL, R T R A g T
ik 53. 74%. [R) B SEAL IR “ Tl K "S54, Fe? i 1k
H Fe(OH), 2R B , 8 B 153 89. 73%., 60 min
PO IEAE RN, AR (] 3758 5 1 Viem, 38 {f
T2 1) COD B 2R B HAT 1, JBR 33K 68. 05%.
i 2 22 B 150 mL 7K Hom AR SR £k 300 pL,
PAC 4200 mg. J& KW IR E A IR HL A7 A -40. 5
mV , B & N2 B N G KB 29-16. 5 mV, Z 5
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10 d A2 28 KA RE A

@ Ead s, WAL EL T K COD Bk
FA M ZE 5 2 530 FH S AT 9 700 mg/L. 2. 7 mg/
L.120 NTU F10. 8 mg/L [% % 4 137 mg/L.0. 1 mg/L.
1. 8 NTU F1<0. 06 mg/L. 7KK BiREAE , i e (ki
15K AR Tl 7K 7K BT) (GB/T 19923—2005)
H A KK R

@ ZETREETHN 131 J7 0, FH 7K A B A
AN 3. 80 JO/m’ AUGERIRFEAR T 41%. Ptk B
DIVE /IR e 2 A T2 H THUB KA
AT FRZ AT AT .
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