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Effect of Surfactants on the Microporous Aeration Oxygenation Performance
Based on Air Bubble Theory
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Abstract: In the sewage treatment plants,lakes,reservoirs,estuaries and aquaculture ponds where the dissolved oxygen level needs to be elevated
by artificial aeration,it is very important to maintain the dynamic equilibrium of dissolved oxygen through the aerator.There are always surfact-
ants in the domestic sewage and urban wastewater. When these waste waters flow into the above aerated water body,they would affect the oxygen-
ation performance and mass transfer effect of aeration system.In order to investigate the effect of surfactants on the oxygenation performance of
microporous aeration system,a series of microporous aeration tests were carried out in a glass tank of 2.0 m long,0.8 m wide and 0.8 m high,in
five different air flow rates and anionic surfactant concentration,according to the Standard Test Method for Oxygen from American Society of
Civil Engineers (ASCE).The microporous aeration plate fixed in the center of the tank bottom was taken as aerator and the anionic
surfactant,i.e.,sodium dodecyl benzene sulfonate (SDBS),was used introduced.Based on the theory of air bubble mass transfer,the oxygen mass
transfer coefficient,Sauter mean diameter and form factor were calculated and analyzed.The results showed that,at 1.0 mg/L SDBS
concentration,the oxygen volumetric mass transfer coefficient was increased and the oxygen mass transfer effect was improved in different air
flow rates.But at 1.0~5.0 mg/L SDBS concentration,with the increase of the concentration,the oxygen volumetric mass transfer coefficient de-

creased.The Sauter mean diameter of the bubbles in water containing surfactant was decreased by 22.76% compared to pure water.The variation
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of the form factor was small,and thus the air bubbles were kept in the almost spherical shape.While,in the tests without surfactants,the form factor

of the bubbles had a larger variation and the shape of the air bubbles tended to be flat.

Key words: microporous aeration system;anionic surfactant;oxygen mass transfer coefficient;Sauter mean diameter;form factor
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Tab.l Oxygen mass transfer coefficient under different
conditions
RIGTH /> h")  Ci/mgL™) Kuagh' Kiaph'
1.247 8.739 2.175 2.015
1.414 8.755 2.327 2.137
J&SDBS 1.599 9.447 2.284 2.310
1.780 9.487 2.412 2.461
1.966 8.739 2.812 2.600
1.239 8.566 2.305 2.066
1.418 8.633 2.523 2.270
SDBS A1 mg/L 1.600 8.57 2.655 2.372
1.784 8.555 2.895 2.591
1.957 8.524 3.003 2.660

#2 T ESDBSHKE THEAFRERREHK
Oxygen mass transfer coefficient at different SDBS
concentration

Tab.2

SDBSHE/(mg' L") O/(m*h™") Ci/mgL™) Kiaph' Kiaxh'

0 1.414 8.755 2.327 2.137
1 1.418 8.633 2.523 2.270
2 1.423 7.700 2.194 1.828
3 1.415 7.921 1.967 1.681
4 1.415 7.920 1.879 1.589
5 1.408 8.042 1.729 1.481

FI245 T FEANFEES i T, JTGSDBSHIT mg/L
e B SDBS T W A 7K AR 1) ¥ At 4L I o Y B o FsF i) 11



553

PEAFAY, 25« BT U BRIE 70 W 2 T 136 4 70 X AL B U0 S P RE B 32 ) 31

ARAEE B, P R A RIS O SR, sS4k 2R HTASCE
THE AR rh BT R 0T Wk A AR L [l U3 2 7 4531
A DL il 2 o 7 B R b, O T ERR AR B K AR
SYUEREN ALEIT | GV e ey TR WDIR RT3 BEN
FIFEAMWA H AL FROGEIRE Z )5 A fEfE 1L, &
W 25t B — 5 IR 22, SR 4 R AR

10

CRIKE/(mg L)
N

il
~

i

i
[\

0 20 40 60 80 100 120 140 160 180 200
i} 18] /min
(a) J& SDBS

WS/ (mg- L™
[*)

i)

= 4L F B (m*h ) |

I - 1.239

Lﬁ 1.418

s 1.600

o2 1.784
1.957

0

0 20 40 60 80 100 120 140 160 180 200
i [ /min
(b) SDBS # & A1 mg/L
B2 KEABEFREREREEHELER
Fig.2 DO concentration against time

L2 AT DA H AN TR 00 s 380 ) S 0 o
ARSI L, i A TR A C R
KRR S5 T1, UL ASCETF 3 A5 D4 A0 R AT,
R FHIZ A RITH SR 0 7K AR 1) S A BRUAG T R B J 5 B
AATHY

K345 T 1 mg/Lk i () SDBS X 7K A4 AU iR F %
JoT BRI I3 AT AT, b IR T 3, AR
RBUL B R B AEA W N 7R i T, 1 mg/lL
(1 SDBSHHE A A 1) U A UL Jot R B 3 14 vy, Ha
JEE o3 Fan i 4 (1 EARDIR IR o Hodw R B3 i
H6.22%, /NN R H2.28%, AT W1 mg/L ¥
SDBSX 7K 4 4 e i iod A BAT — i A2 i/

A AL 0 B e A b 4 S UME RE Y S e R AR
1E R0 on, AR T Y ol SDBS A T /K4 (1)
SR TRUE BT R B S WG K AT SR BUE i R 1

02, B, A5 19 SDBS A& 1T 28 5ot i 4
SRR B R o El 4R B SRR TT LLE 21, 78K
IR, BARSDBSHIE IE R B LI BIA K,
EZEATHR T, FAEBEUI1 mg/Lik B 9 SDBS, H:
ARFUL T R B TR T IR IRRUYL i R4 12
HET AL T, T M ChernZs POERF 55 vh & B0, F2 1M
T PR B B B g E TOK SR E S AL T R

3.0

[1JESDBS
2.5 + mm1 mg/ffISDBSL

20

FAun

7

EAERUE]

1.5 +

1.0 +

05

0

11 12 13 14 15 1.6 1.7 1.8 1.9 2.0 2.1
W< gt f/(m’-h )

3 1 mg/L SDBSXI7K ix E (A FE B ARHEI ST
Fig.3 Effect of 1 mg/L SDBS on oxygen mass transfer coefficient

.8 —— T 14
g C1 SRS BRSO i 1 23 %

=7 EIERY 112
K 6 1.03 6.221.06 1.03 1.05 1.02

iz 5.28 1 1.0
=5 =
B 108 %
4 &
B i =
W& 3 b 255 2.70 0 @
HE 104
?:4%/ 2

= 4 0.2
= 1

& o 0

1.1 1.2 1.3 14 15 1.6 1.7 1.8 1.9 2.0 2.1
HE S/ (m*h )
B4 SARERAFNENEIRSEERBNT
RE
Fig.4 Histogram of rising percentage of oxygen mass
transfer coefficient and the correction coefficient a

K525 T AN [R)e JE BY9 SDBS X 48014 Joi 4 5% i
MEISTISD, E0~5 mg/LIRJE T, SR BUE i 2250
B S T T AR B e, 45 5 e T mg/L P,
Uk BE R T 1 mg/LI, Bifi 5 4R B (R34, SR L% o
ZBOE TR, i HAR T35 KA T80 Ui S e B R,
SDBSX A% 5t 9 01 VB FH o5 32 5, /K T iR iR
JZ2, W8 T Ahas S5 K 2 8] AL RS
4 i ®
4.1 SDBSHBRSBER~THZI

FEFAFRAS I AL BB v, SR BT 48 R T BT A
BRI M 1.41 m®/hi i 00 R AR R AT i1t
4y ¥r, BB A i i Adobe Photoshop & A 43 B 3k 44 347
ARBR IS, 4530 A X8R AR, WnE e R o



32 TR SHOR

549 %

2.4

2.269

—— E AU R
22t ]

B

20

i

EUETUL)

1.8 |

1.6 -

1.4

SDBS i f%/(mg-L™")
B 5 A [EISDBSIKE THEARER AL

Fig.5 Curve of oxygen mass transfer coefficient at differ-
ent SDBS concentration

(b) 1 mg/L f] SDBS

6 Q=141 m /KIS ;BE
Fig.6 Bubble image in Q,=1.41 m’/h

MRL B 2403 P& v 43 5] 2 B3 04 ¥ T )~ 0ee
PEAT AR, R A O R R K, FREE S 0
(4) . (5) T H Y i HAR dy, MY e ARSI
14 24 5 FL AR dy,, T LAAS B h AR 0 AR S A BT
K, 7R

MNIEL 7RI, A A 1 53 A A v ) s T AT
FOME R A3 A B 400 TAEAS 434 o Horp ESDBS T4
A B AR K240 162.0~3.0 mmy [ P9, 1 1 mg/L
(1 SDBSI i 1y B AR W B A S H7EL.5~2.5 mmily
FELPAL, AT DL A0 Y B AR IR AR 1, A3 A I T LA

HHLIE 75 3 SDBS I AF 7 i 3 ELAR IS/ T o 53 SRR
K (6) 7T L5544 5 4 Q,=1.41 m’/h F JGSDBSHI
1 mg/LAYSDBS 2~ T8t Y SauterF- 2 H 42 dy 53 K
2.884 mmA12.227 mm i I 7] WLSDBS A4 177 A ff [
& TR T2 B4R, 1 H R BRIk 522.76% . M A
6(a) Fl(b) Xtk &I, < rY E i 7E SDBSIE K
FLFETR K 22, 302 S A% T ad R A A1 a0 PR 23X T i
SRR 24 B B T SDBSTE B kIR )5 , &%
A BER, 7oA T R HER MEH 7, SR )5 SDBS 4>
T b b AR I R T AR R, U B R
T, AL FHIE B — )2 158 1 4 J5E, 410 4 = 1] 7
SEA TR/ T Fe &R < 1 - 38 1A%, TR
PRAS T8 2R ey e A, B T R p ik AR,
LR T 0 5 B A, BN T e AR R R 45
BRI, B 22 1 SO BE A i A K R R TR
WAL UL R 9 40, TR e B p P R
T F#AF1EE — A e R B AR, (151
LT AR e T 0L T i 4T, 3G A8 4 1hi HL i
FEAR

16 ¢ 1% SDBS
14 ¢ B | mg/L [fJ SDBS

0 05 1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0
RIEEAR/107 m

7 Q14 M hMISELBHEEN
Fig.7 Distribution of bubble equivalent diameter in
Q=141 m’h

4.2 SDBSXM RS SBFRAIF T
AT e EOW I 2 S AR AR R, R 6
BT HAAE R ST, WnE AR

(b) 1 mg/L ¥ SDBS

(a) & SDBS

8 Q=141 m’/hEIS BRI XTEL
Fig.8 Comparison of bubble shape in Q,=1.41 m’/h



553

PEAFAY, 25« BT U BRIE 70 W 2 T 136 4 70 X AL B U0 S P RE B 32 ) 33

E 8L # T JCSDBSHI1 mg/LAYSDBS T .4 T fif b
SAWHIE R TR ZE R, FTLLE T, 7EJCSDBS
AOE K, A B R AR EROE AR 0 T 1 mg/LAY
SDBSJ& , M IEAR I Ay 38 LT BRARTE , < il 1 i 2
FEARE KA, Bl M4 o i T e 8 S A L E
BRI AR AR TE R B, AR A5 2 i Rtk
JE IR Feft, 158 T 3% 24 T B U0 38 IR 711

Pk, nE iR,
3 e % spBs
3.0 I —e—f77£ SDBS

1.869

1.165

0 5 10 15 20 25 30 35
Fre
9 Qu=1.41 m’/hEISRH A F Xt

Fig.9 Comparison of form factor in Q,=1.41 m’/h

M9 AT LI 3, 7ETCSDBSH IS 1, S 1Y
W AT A B L AR B BOR, e RAEL IR 213.099,
T/ ME R A7 1.085, HAF I {H A 1,869, B A
SRR LF A A 24 OISO T AR AR 1L
R R, M IE R T i F . T 1 mg/LYSDBS
I, B A BOE PR e 28 AL R B Z0AR /), i R AE
HUA1.305, fe/ME A 1, HOF4ME R 1.165, ki
B O B Rl 5 J i 25 2 A0 55, U] T SDBSHY
AR S R R = A T 52, BELAS T O Kk AR
AN, A AR AFAE T T BRI ZS  3X AT BEJ2 I A 78
SDBS/KIE W, T £ il 5 B U L T #e o,
FEKPRFE B BIVE AR, SDBS 41 8 iy A [ A< 3t
WA w5k, I HAE R I 1 R sk S 62,
MZ AR K I I T —A 5 TR 22 4E F 5 [l AH 2
DI R g, BRAR T A B AR L, i) O Y 22
I, IR B T R — A BR A2,

5 & g

AT AL RN I AL, B — R
SDBS/K A& FIE A KA AT T — R 50 134 25
- H LR M0 | Sauter Y 5 AR dy I R e 55
SIS HCHIERE, /34T T SDBSX S AL i 1 52 M HL
il , A5 E] T AT 4518

DFERE SR T, 1 mg/LKJE T AYSDBS
O T KA B EUAR UG T R B, K S/ NG %
9351 6.22%F12.28%, 1 H.SDBSHIE IE R #adI K

T1, YW1 mg/LSDBSX ALK M i it Fe A
PR o (ELH KT 1 mg/LIS, 480 4% I It 255 o o ok
JE BB e A

2)40,=1.41 m*/hit, S EAR 532 ]

1 AR, P JESDBS T AL I il AR EZAE2.0~

3.0 mmyL [, 11 mg/LSDBSI 4 H17E1.5~2.5 mm

T [l o 13X 24> T30 ) Sauter V-4 EL A2 d,, 53 7124 2.884 mm

#12.227 mm, BB SDBSYK A 1 mg/LI FEAR T i

MBI AR

3)7ETESDBSHYIE: i, S A B I T ik

A FBL A B AR, RO AR R AR R, 8 T

- o MAFESDBSHY /KR, B A BT I 542 L iR

JEEIN, SDBS 2 X UL AR A= 5 0, BHAT i

KNG, AR T RARE T BR AR

AR SO IR 7 % N R i AT Y, A

Fe T S BRI ROKART &, BATBOR R R BRI, (H2 A

SCH IR 45 2R R B T O B SR AT A AR Y, 52

I B R INFE M /0N, T AT 52 bR K K A4 o SDB S Xif

AL BT AL O BE R B —E S M E. )

Hh, FAEFIE R TASC T IS U, AR

W ARSI Z 1 ESH A TR

AT ST B OB 2 LU LA SHO) SR AT TR AR 23

e, FEAN ST L K A5 52 BROK A AR G, DAY

581 SDBSK A% Gt A2 M BIL il A ATF 5

SE Rk

[11Li Yi,Wang Dong,Zhou Jiti.Technical advances in treat-
ment of surfactant LAS wastewater in China[J].Shanxi
Chemical Industry,2008,28(1):28-31.[Z=%k, F 4%, B FE Kk 3k
el AT PEFRILAS K BOAE BREOR E [T L1 PE 1K 1-,2008,28
(1):28-31.]

[2] Cui Li,Wang Ya’na.Present research situation and forecast
of surfactant wastewater treatment[J].Industrial Water
Treatment,2008,28(2):9—1 1[4 i, T HE B8 2 18776 477 5 7K
AEFFIT PR S FREE[)]. Tk /K AR BE,2008,28(2):9-11.]

[31 An Dongzi,Zhang Yangang,Li Wei,et al. The influence of
anionic surfactants on the treatment effect of wastewater
from the sewage treatment plant and the harmless study of
its production wastewater[J].Technology of Water Treat-
ment,2015,41(11):22-24.[ %R, 1K A 9,2 5,55 T8 1
FRAE PRI G KAL) b BSCR s ma AR A= 5 7K
RYTCEALAF ST (0] KA BEEE AR, 2015,41(11):22-24.]

[4] Dai Liang,He Wenzhi,Li Bingjing,et al.Progress of treat-
ment technologies for wastewater from daily chemicals in-
dustry[J].Chemical Industry and Engineering Progress,
2014,33(S1):273-278. [35e, B SCH A0k, 5 H ALy
ATl B KAE B R BB R ()] 4L T 2E,2014,33 (4
FI1):273-278.]



34 TR SHOR

549 %

[5]1Liu Peng,Zheng Xiang,Wang Bo,et al.Progress in the re-
search on the effects of water quality in aeration systems on
oxygen mass transfer[J].Industrial Water Treatment,2014,
34(9):10—14. XIS, AHE, 1, 45 B R ST K BUASAF X
B ST R A T 2R R (). Tk /K 40 BE,2014,34(9):10—
14.]

[6] Rosso D,Huo D L,Stenstrom M K.Effects of interfacial sur-
factant contamination on bubble gas transfer[J].Chemical
Engineering Science,2006,61(16):5500-5514.

[71 Wagner M,Popel H J.Surface active agents and their influ-
ence on oxygen transfer[J]. Water Science and Technology,
1996,34(3/4):249-256.

[8] Liu Chun,Zhang Lei,Yang Jingliang,et al.Effects of surfact-
ants on oxygen transfer in microbubble aeration[C]//Pro-
ceedings of the 2009 International Conference on Energy
and Environment Technology, Washington D C:IEEE Com-
puter Society,2009,2:531-534.

[9] Wei Yanling,Qi Lu,Liu Guohua,et al.Effect factors affect-
ing oxygen transfer performance of fine bubble diffusers[J].
Technology of Water Treatment,2014,40(2): 1-7.[ZRIE%S 55
B X e 25 LB A SRS RE RN A 3R [7]. /K A B
HiR,2014,40(2):1-7.]

[10] Yin Xunfei,Yang Shuo,Xue Xiaofei,et al.Influence of dif-
ferent fine-pore diffusers and surfactant on oxygenation per-
formance in aeration system[J].Environmental Pollution and
Control,2015,37(10):17-20.[FHIl & A5, i e &, 55 AL
Z B0 R 3 T 700 X L B A0 8 SR RE 9 S I F 50
[ A 55 YL 5 F774,2015,37(10):17-20.]

[11] Luo Tao,Wang Hongchen,Qi Lu,et al.Pilot scale research on
the impact of TDS and surfactant on oxygen mass transfer
in fine bubble acration[J].Acta Scientiae Circumstantiae,
2012,32(9):2066-2070.[F %, £t 556, 5 G ik [
AR 2 3 T A 700 X L B A% o A S i 114 o A 50
[T 5 Bl 27 24 42,2012,32(9):2066-2070.]

[12] Chen Xulu,Wang Hongchen,Qi Lu,et al.Effects of anionic
surfactant on oxygen mass transfer in the fine bubble aera-
tion[J].Acta Science Circumstantiae,2013,33(2):395—
400.[FR B &%, £t B R 6 55 I B 2R M 0 o L
AU 5T S AR S RS (D] PR B R A 25 4,2013,33
(2):395-400.]

[13]Krzan M,Zawala J,Malysa K.Development of steady state

adsorption distribution over interface of a bubble rising in

solutions of n-alkanols and n-alkyltrimethylammonium
bromides[J].Colloids and Surfaces A:Physicochemical En-
gineering Aspects,2007,298(1/2):42-51.

[14] Liu Chun,Zhang Lei,Yang Jingliang,et al.Characteristics of
oxygen transfer in microbubble aeration[J].Chinese Journal
of Environmental Engineering,2010,4(3):585-589.[XI| 7,5k
A A R U A AU BRI S (] 3858 T
FE2:41,2010,4(3):585-589.]

[15] Cheng Xiangju,Zeng Yingxue,Xie Jun,et al.Impact of mi-
croporous aeration flow and aeration tube length on oxygen
transfer performance in water[J].Transactions of the
Chinese Society of Agricultural Engineering,2014,30
(22):209-217.[FE 7548, 1 B 5 iR, 55 LI U i g
AU BE XK RS S PERE R RZ R[] ARl T2 412,2014,
30(22):209-217.]

[16] ASCE.ASCE Standard measurement of oxygen transfer in
clean water[M].Virginia:American Society of Civil Engin-
eers,2007.

[17] Gillot S,Capela S,Heduit A.Effect of horizontal flow on
oxygen transfer in clean water and in clean water with sur-
factants[J].Water Research,2000,34(2):678—683.

[18] Akita K,Yoshida F.Bubble Size,interfacial area and liquid-
phase mean transfer coefficient in bubble columns[J].Indus-
trial and Engineering Chemistry Process Design and Devel-
opment,1974,13(1):84-91.

[19] Bhavaraju S M ,Russell T W F,Blanch H W.The design of
gas sparged devices for viscous liquid systems[J].Aiche
Journal,1978,24(3):454-466.

[20] Chern J M,Chou S R,Shang C S.Effects of impurities on
oxygen transfer rates in diffused aeration systems[J]. Water
Research,2001,35(13):3041-3048.

[21]Li Er.Theory of optimal bubble group for fine bubble aera-
tion and its application to reaeration Engineering[D].Wuhan:
Huazhong University of Science and Technology,2007.[4%
IR AL S SR e B AR 52 4 TR v i
[D].E AR R ,2007 ]

[22] Liu Yanyan,Li Yanpeng,Zhu Tingting.Study on modulating
shape and velocity of meso-scale bubble using surfactants[J].
Journal of Xi’an Jiaotong University,2011,45(10):93-97.[X1]
O, 2 2 G, 24 05 05 3R T 97 1 ) o o RUBE S TR AR K
JEE PR IT 5T [J]. VG 42 38 R 2424 47,2011,45(10):93-97.]

(W% % I)

D e S SR S S S S S S SR S S S R R S S R R S S SR SR S S S S S S S SR S SR S S i S SR S R SR R S SR

> o o o o

3| FB#&3\:Cheng Xiangju,Xie Yuning,Zhu Dantong,et al. Effect of surfactants on the microporous aeration oxygenation per-
formance based on air bubble theory[J].Advanced Engineering Sciences,2017,49(5):28-34.[#2 &35, W T, KSHE, 55 3
T B 73T FE T P4 AR 0 LR M RE A S MR 0], TR A 5 4R 2017,49(5):28-34.]

> o ® *

A S S S S R R S S R SR R S S S e S S S S S S S S S S S S e S R S R S S S S S S S S S S S 2



