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Abstract: Cationic dye of rhodamine b (RB) was removed by the enhanced precipitation of calcium dodecyl
benzene sulfonate (Ca(DBS),) from aqueous solution and the (Ca(DBS),) particles were flocculated by microbial
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flocculant GA1. During this process, the sodium dodecyl benzene sulfonate (SDBS) solubilized the RB molecular,
and under the effect of excessive amount of Ca*, the SDBS micelles and the RB containing calcium dodecyl benzene
sulfonate particles (CDBS-RB particles ) were precipitated and finally flocculated by microbial flocculant GA1. The
response surface methodology (RSM) was applied to optimize the reaction conditions including Ca** dosage, SDBS
dosage and MBFGA1 dosage to increase the RB removal rate. When the initial concentration of RB was 50 mg/L. and
pH was 10, the optimal flocculation condition was SDBS dosage(2.67 mmol/L.) , Ca* dosage (5.61 mmol/L)) and MBF-
GA1 dosage (4.34 mL/L). Under this optimal conditions, the RB and SDBS removal rate were 99.80% and 90.03%,
and the effluent value of COD is 89.69mg/L., which was lower than the national emission standard and did not need
subsequent processing. The environmental scanning electron microscope (ESEM) analysis was used to explore the RB
removal process and the reaction mechanism between Ca?* and SDBS. In addition, when Ca®* dosage was enough
compared with SDBS dosage, the SDBS micelles containing RB molecular (SDBS—RB micelles) could assemble and
shift to the formation of CDBS—RB particles. Finally, the CDBS—RB particles were flocculated by MBFGA1; When
SDBS dosage was relatively excessive, the SDBS micelles could form in the solution and CDBS-RB particles could
redissolve gradually in order to provide Ca® for the SDBS micelles.

Key words: rhodamine b;micelles;calcium dodecyl benzene sulfonate ; sodium dodecyl benzene sulfonate ; mi—

crobial flocculant ; solubilization
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R R 0%. & 1 Al , 24 SDBS ) 14 1k i
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JEJEARXT SDBS #I4AHe AL /£ Y , HAE 2 mmol/L SDBS
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Fig.1 Effects of SDBS initial concentration

on the RB removal efficiency

2 Ca* W IR EE 5 mmol/L B}, BfiZs SDBS %)
AV E M 2 mmol/L 3 % 3.2 mmol/L, RB L&FJLF
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K1, 24 Ca®®IURHRE 435124 7 mmol/L i1 9
mmol/L Bf ,RB M ERF b2 5 5 mmol/L Ca®*
WU e B2 B () A8 Ak i 2 SEAHH L, RB e K 25 B R
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mmol/L 1 6 mmol/L SDBS £ in=Ab, B RB ZfR%E
TFE R
2.1.2 SDBS #1452t SDBS &5 Ca>48 ZAF A #)

EAL]
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), BORTPIE L) SDBS i A 23 N W7 0 B
CDBS-RB k1% Ca*, MIMi{H% I+ CDBS-RB
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Fig.3 Effects of Ca* initial concentration

on the RB removal efficiency in solution
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AP AAE R AR R 2R, L SDBS ¥ JE 4 2.4 mmol/L
M), BEE Ca e M 3 mmol/L #4 % 5 mmol/L, {4
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Fig.4 Effects of Ca* initial concentration on the residual

concentration of SDBS in solution

2.3 MBFGA1 #1%&K EHI S 0
2.3.1 MBFGA1 #1473 RB &R & 69350

RB I UTTE M A 50 mg/L, SDBS il Ca> ¥ h
e BE 4y 9B 2.4 mmol/L Al 5 mmol/L B,
MBFGA1 WIUHHR FEEXT RB 225 M H zeta LA 152
Wi 4l 5 s B AT L, 24 MBFGAT B 9] LR AR F
el 1 mL/L FHZE 10 mI/L I, RB £ R RN
Je P TRRE, B AE MBFGAT B GA R TR B2 H 4
mL/L I BUS f KAl 99%.24 MBFGAT I HRIAFRY
FEH 0~4 mIJ/L B, FiiE MBFGA1 #IHR AR 2 1)
Fhn, HPrREZ BRI AY CDBS-RB ik bt = 3%
Z N DI R AR TE £ RB B LpRR 2
AR RS H 24 MBFGA A 4] A I B ok B8 i it 4
ml/L HAETF 10 mI/L B, 2 S E0H PG Fa i g4
fift i b A B LT G 22, R[] 7 e 0 A8 R, AN
T CDBS-RB WURLAY AL, 15 RB R TR
& 5 ik Al LA B E MBFGA T ) 46 PR FR Ik B 1
T IR zeta AW T B HIRZART 0.X A
g & MBFGA1"'F1 CDBS—RB ks #5447 t7 o fif i
T . T3 A1, 2 zeta HLZ H-20 mV B, RB 22455
HUAS B RAEL, X 3 B 2o 2 o A B A TR )
HEVLEL.

—— B P b ERR% |
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Fig.5 Effects of MBFGA1 initial concentration on RB

removal efficiency and the zeta potential in solution

2.3.2 MBFGAI1 #1443 &5+ SDBS 5 Ca®48 ZAF
AL
RB %5 R 50 me/L, SDBS Hl Ca ¥ 1f
He FE 43 3% B A 2.4 mmol/L F1 5 mmol/L i, MBF—
GA1 WU BEXTA W h 5% 42 SDBS il Ca® e B2 1 52
M4 P 6 F/R.
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Fig.6 Effects of MBFGA1 initial concentration on the residual
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Wt 0.45 wm AT UE , B LR TS i MBFGAT,
CDBS-RB R 2 W i e i, (H P& MBFGA1
IR AR BE I TR, TP B TE AR Y SDBS il
Ca? ¥R FEA L B0 LR R A, X mT g e
i MBFGA1 W AW AR B 1 Ca®, 1K Ca®7E
MBFGAT [t H B BB Ak B G el AT 12 i 5 4
) SDBS 4kZL 1Y) Ca® K WA B CDBS Jikr, )5 ixX
SERUR LB MBFGA1 ZREEDINE. 25 10T L ,MBFGA1
TEAR 22 o ORI 25 2R BEUTR% CDBS-RB UKL 1) 1
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I, WREMEFEFE 4 SDBS 5 Ca> Wy i, e T
SDBS [HRBRF, B T k5 4.
2.4 AT A b IREST RB BRI
SDBS . Ca* ] 4 ¥ Ji£ 43 51| 1 4 2.4 mmol/L.5
mmol/L,, MBFGA1 ¥ IR AR B 12 B~ 4 mL/L B,
ANFERIEG RB M EEX] RB ZRBRFAZ AN & 7 s,
A, BEEWILE RB W 1T, RB LR G
LRFFTE 90% LA L, X U B AT 5% 42t 1) 52 TR A
ULUE Ca(DBS), M4 MBFGA1 2 EEITI% RB 197
e B B IE PR, O RB 22 e B R4 ).
H 349045 RB R T+ @i RB LBR R AL T
K, 414h RB Bt B 50 mg/L B ,RB 2:B%
FIFGE TR, HRE TR 014 RB Bk B
F 50 mg/L B}, 2.4 mmol/L [ SDBS H il AEAS 5% 4=
HYR RB 431, 2B A SDBS-RB ik 2s 5 Ca®* i
A1 CDBS-RB 0k, 8% MBFGA1 ZREEVTNE, 15
FEGE Y RB BR2; M 2S00 4h RB Bk B i
50 mg/L I}, VAU P SDBS AR A RERHA T Y
RB 7 Foe s, B RB LB 28 T 1
P2 1,50 me/L IRIGG RB SRR A (.

100 |

“—y
— .

98 r

96 -

BT b KR %

90 1 1 1 1 1 1
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IR P b B/ (mg- 1)
B 7 #1d RB R REx RB &Mk & 09 % 0

Fig.7 Effect of initial RB concentration on RB removal rate

2.5 Mgz mEH

AR R F U2 AR (CCD) et i 45 # A
R I — 2 X 45 P H 2 2 8] B 58 BRI 31 743 Ar
TRt BT Z AT T, A — A S5 4%
4 : SDBS ¥ &}y 2.4 mmol/L, Ca® ¥ &4 5 mmol/L,
MBFGA1 &M BE N 4 mL/L, FF¥F /e R 2.5 35
CCD 3T By HhCM . DL RB 228 Wi AR v, %0
a3 43 FE SDBS WA BE | Ca> W) 4 ¥ FE Fil MBF—
GA1 MR IRFUKR B .CCD 7 AR 41 & K 45 3151+
221, MO PRS2 4 SR ST ) R ml AR =X (3) i
TN IR RYHEAT 7 22 3 BT (ANOVA) , 25 3 R - P=

0.000 2, /T 0.05, PeiE %L R?=0.915 8, K WA
PG BLF.
y = 99.46+0.81x, + 9.60x, — 0.47x; +
4.84xx, — 1.92xx5 + 1.43x25 —
5.060% — 7.18x3 — 4.60x3 (3)
M RB WG BT MR B 50 me/LL, (5] 8 S =5
K2 X RB 2BRFMsc Bz mE. K8 (a) Fimh
MBFGA1 H A LA R BUR FE (B R 4 mI/L B, SDBS
F Ca? W Ue Mk B2 X RB LBRBAZE Hgm A, Kh
R HASH 520 035 . 2 Ca WA VR FE AL TR A
B SDBS WILAHk B T+ RB BRI 5
FHR TR ARk, HLAEEAIR SDBS W 4h e ib
S RB RBRFR KA ; Y Ca> B Uh Mk BE 5 S A
B SDBS Wt BT A B R = 1) RB LR
2.1 W IR A5 R 2, I AT SDBS 5 Ca* M H
YEFRAE T S0 320 RBS7E R 8(b) FE 8(c)Hh
AL #] ,MBFGAL M) IR EEXT RB K BR R WA
BB RN K 1009%RB 25 5 24 [ 72 Ay i I 4
A R (AR A S T AR B I A AR
SDBS ¢ & A 2.67 mmol/L, Ca>¥¢ &£k 5.61 mmol/L,
MBFGA1 AT By 4.34 mL/L 78 AL A 500
FHEATEES , H A BR AT K 99.8%.
£1 FOASBITRIRER

Tab.1 CCD design and response values

e PR ESEHUNEN Wi )37 fEL
x/(mmol* L) xp/(mmol-L")  w3/(mL-L7") RB ZBE%/%

1 3 5 2 91.30
2 1.81 6.19 5.19 86.37
3 3 5 4 99.20
4 4.19 3.81 2.81 69.54
5 1.81 6.19 2.81 83.21
6 1 5 4 85.06
7 3 5 4 99.20
8 3 5 6 90.57
9 3 5 4 99.22
10 4.19 6.19 5.19 93.35
11 5 5 4 94.23
12 1.81 3.81 5.19 76.16
13 4.19 6.19 2.81 93.37
14 4.19 3.81 5.19 59.30
15 1.81 3.81 2.81 74.23
16 3 7 4 99.70
17 3 5 4 99.19
18 3 3 4 67.56
19 3 5 4 99.21
20 3 5 4 99.18
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Fig.8 Surface graphs of RB removal rate showing the combined effects between factors
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(a) 2.4 mmol/L SDBS #il4E, 800x

2.7 RB XBRHIIERK SDBS 5 Ca*ZE&HES
HRAE 2.1~2.6 5 50 HT SERIT AT, 4 SDBS 1Y
WA e FE R T 5% T 1.2 mmol/L(1 CMC ), SDBS
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Fig.9 Environmental scanning electron microscope micrographs
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TR A0, BEE SDBS W IR FE Y T , CDBS—
RB ki AW %5, 58k SDBS 5 Ca®1E 11 2 728
TR, DRI 22 AR AR A5 By 28 512

(¢) 9.6 mmol/L SDBS # i, 800x

MIEEAE AR R T, Ca> WA M FEAHXT SDBS
WG v B AR B, AR R T A ) A A R
CDBS-RB ki 77 17 #% 3)) , {15 SDBS-RB i AIA
Wi 44 , CDBS-RB BURLA B 2, I 4 MBFGAT1 i
1o I R 11 D7 SR BRI T Ok, T4 SDBS # R
W REA X Ca* Wl b M & H | Tl % T 1.2
mmol/L(1 CMC) B, # A & (%) SDBS fist A1 231
Z Il CDBS-RB ki) RB Fl Ca*, I F-fif
W15 A2 i SDBS-RB IR 7 101858, 42 CDBS-
RB UKL .
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