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Abstract: Four factors including resin dosage,
solution pH, methyl orange or Congo red
concentration and adsorption time were selected to
investigate the effects on the removal of methyl
orange or Congo red adsorbed on MIEX resin
using Box-Behnken response surface methods.
the

was

According to the experimental results,

quadratic polynomial regression model
established to predict the removal of methyl orange
or Congo red. Variance and significance were used
to test the reliability of the regression equation.

Based on the regression model, the operation
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parameters of the removal of methyl orange (Congo red) adsorbed on MIEX resin were optimized and the optimal

conditions were obtained. Under the optimal conditions, the removal efficiency of methyl orange and Congo red on

MIEX resin were 99.12% and 98.29%, respectively. The interaction between solution pH and resin dosage had a

significant effect on the removal efficiency of methyl orange and Congo red. The saturated resin adsorbed methyl

orange or Congo red were regenerated using NaCl solution, and the surface morphology of MIEX resin were

characterized by field scanning electron microscopy. The results showed that the spent resin can be regenerated well

with NaCl solution.
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VLRI B S ) MIEX R, A B et W A1 5 RO I AT RAE . 25 R, (ERR L 4MF T, MIEX WX BRI
AL ERRF R ST IK 99.12%F1 98.29% . WA 4E pH E AR i F & 2 (8] I95E HAE X MIEX A4 15 25 B F S8 R SR A0 AT (3%

00, NaCl A MIEX IS AR R 2
KB MIEX BHfE; FRZEAS, WISRL, i ghimyk; Wb
FESES: X131.2 RAFRIRIE: A

1 R e

BER G 2 S T2, B4R, ERYLEEAT
3T, et AR s B IR G KA A — R LR
TNV E A SR mANE & Sk S s,
HARBEAFEE BALEE, FTRES A%t N SO 1E R Y
AR, PR NI RE . BT, W WA R GR
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BEVELI00 Bl A k28 e vk B A T
BB BAT AR AL, B 2 B TR AR K
(R BRUST . G -5 3 (R B )2 R R A% O, F T
BGRL2BR AP R A oA U], SEERRELOIT, A
IR B FRIUST, PR 02008, 5 28 2L AR 2 H — b 5
FHE/SIO2 B AR, X FY LR (1) A Bt 524 43.73
mg/g. ARSI T A SIh @A WU E LR, #0m
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Taher Z5ZWRTT | WIRLLAERAE L bR 3] ) 2 A0
J1%, SRR 500 CIEAL 5 R TG 202 Rl
HRIRIT . BAR DAL VT 8 R0 2 R AT R 1 R S A
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JEORH A1) 2% H 0 ¥ A e K R B A 110 TR B 7% B TT R 434
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Table 1 Properties of Congo red and methyl orange

Property Methyl orange Congo red
Molecular weight/(g/mol) 327.33 696.08
Molecular formula C14H14N3NaO3S C32H22N5N320682

Structural formula ) A
Na /©/<0

Measuring wavelength/nm 464

Dissociation equilibrium constant, pKa 3.40

497
3.70, 5.40

22 LK REHINEE

FA2004N BY o1 7 K P (R IR 2 B AR A IR A
), pHS-3C K52 pH (- # TE HEAAE) ), MY3000-6B
ANEIRESLIS I P GBI FAE H TR A F]), UVI600
AN A WA eI BE T (AL BRI AR A BR A ).
JSM-6490 1#i H T B BE(SEM, H AR T A A]).
23 XWHE

2.3.1 RS

H— 5 & MIEX M HE I — % %1 500 mL & A4
LR S P A (ISR 2T B pef i, o L TBCE T /N A 4
X BA 120 r/min 30— N 18], F LSRRG
I3 6 FE T T R B S R R R R R (IR D) ik
FE, FRa i K ()AQ) T F B (HIERL0) 7E MIEX B iR
R BRR E%) R E g(mg/L):

q~(Co—CVIW (1)
E=(Co-C1)/Cox100% ®)
A, Co F1 C o3 B AAIUERS ZIFT ¢ B 2 B 50 o R S

(WL IR FE (mg/L), VR RIEFA(L), W N MIEX
B i FH 2 (mL)

2.3.2 A J8 AR A S

Box-Behnken & — i W F~) i) 57 i T 400 S A5 74 341,
A I AR/ R S B T R T 22 B DR 2 2 (8] (A8 BLAE F R
Wi AR R RG], — e Ak L AERA A& T vk IR,
Box-Behnken BALEA — /N3 R s ANELS BT A
R T B m s ARACFHG, TR IR O AT
2RSS, TXRE R A S AE AR i Sk A R AT,
DR SELG 05 P HERAPEDS36, AR4E Box-Behnken A i TH]
I EIECT, g3 i DA SRR (SR A0 Y 25 R AR
Wl Si{E Y, KEHX MIEX MR &, FIRRE (NI SR L0
WIGEIREE . VW pH A BRI T AR . AR 3
FIC S =AKE, HgwisE -1, 0, 1 £
/No K Design-Expert 8.0 {5 v-ma 57 1 258, #8
FA AT MIEX B I W B R R (ISR 20) ) 52 EL RS
Wi o SRS R R AKF it LR 2.

2 MEizehmE LI E R KK
Table 2 The selected factors and levels of RSM experiments

Level
Factor Code
-1 0 1
Dosage of MIEX resin/mL X 0.1 0.3 0.5
Initial concentration of MO and CR/(mg/L) X 10 50 90
pH X; 3.0 7.0 11.0
Adsorption time/min X4 70 110 150
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Table 3 Design and results of respond surface test of MIEX resin for methyl orange (Congo red) removal

Run MIEX resin Initial PH. X, Adsorption Respond value, Enio/% Response value, Ecr/%
dosage, X; concentration, X, ] time, X, Experimental Predicted Experimental Predicted
1 0 0 0 0 93.02 93.38 32.18 30.12
2 0 -1 -1 0 45.58 48.93 93.50 90.56
3 0 0 0 0 92.55 93.38 29.89 30.12
4 1 -1 0 0 98.43 100.00 100.00 100.00
5 0 0 -1 -1 52.11 53.54 23.08 22.96
6 0 0 1 1 67.05 65.98 25.57 28.58
7 0 0 0 0 94.35 93.38 28.74 30.12
8 0 1 0 -1 71.54 73.29 6.13 7.07
9 0 0 0 0 93.37 93.38 29.89 30.12
10 1 0 0 1 98.23 98.20 51.78 47.87
11 0 0 0 0 93.59 93.38 29.89 30.12
12 0 -1 1 0 51.03 59.91 94.19 90.24
13 -1 -1 0 0 4221 40.31 74.67 78.57
14 -1 0 0 1 55.67 57.87 19.25 20.79
15 -1 0 0 -1 47.35 49.35 9.15 11.92
16 0 0 -1 1 54.15 55.44 32.82 35.74
17 -1 1 0 0 66.46 66.06 4.32 0.65
18 1 0 0 -1 93.80 90.57 42.98 40.30
19 0 -1 0 -1 67.25 65.24 98.48 97.59
20 1 0 -1 0 84.07 82.78 33.77 33.82
21 0 1 -1 0 61.10 59.19 11.84 14.65
22 0 0 1 -1 48.64 51.71 24.96 24.93
23 -1 0 1 0 45.40 46.36 5.30 3.49
24 0 1 0 1 74.28 76.96 28.48 27.62
25 0 1 1 0 58.31 56.93 7.98 9.78
26 -1 0 -1 0 29.59 26.73 21.69 18.96
27 1 1 0 0 81.46 84.72 29.12 28.11
28 0 -1 0 1 78.80 717.73 96.17 93.48
29 1 0 1 0 72.33 71.86 43.11 44.09
RN BAERAT IR Z u A E, APRAARGR R R Z T A5, BT
Emo=441.559+218.356X1+1.499X>+97.351.X3+1.214X4—0.644X1.X>—8.609X1.X3—0.06 . X1 Xs—
0.026X2X3-0.001.X2X4+0.05 1. X3.X4—57.383X12-0.007.X2?—6.847 X32-0.006.X4> %)

Ecr=80.911-8.243.X1-2.846.X2+10.965X3-0.089.X43-0.008 X1.X>+8.041.X1.X3—-0.020X1.X4-0.014.X>.X3+
0.004X2X4—0.029.X3X2—8.942.X12+0.015X22-0.899.X3%+0.00 1.X4? 6)
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Tk 29 ASE S HACN IN(S)AI(6) T 75 H 24
(BRI MIEX B L& BR AR BUME, 455 I 3.
MR 3 PATLAE Y, Toie e IR R NIR AL, T
UBHEERET] 5 Eoo e LIRS E SV E S
MIEX i JiE b 1) 55 25 R AR 2 B2 49 A 98.43% Al
29.59%, NIRZAE MIEX 5 b1 e 25 B A Al ik
100%, FA&ZBRHAN 4.32%, 28] MIEX H4 i X {1 5

JRHR S AIUE pH BRI BT [E] PR 5
3.1.2 AT RE A SV AT

I 7 2 53 W B 3 M oy B RO R ZE A A A i — 2P
I6AIF P ERE (NI SR 4078 MIEX A4 g b IR B ey — vk 22 12X
AR TSR, 25 ILER 40 Hoh FAEF Prob fEHoN
RV A S8, A IS ERE F SRR n(Prob 14
) IMTIG5E . TR 4 HRTLAE H, Toi8 2 F R BN A
2L, BIEA TR Z AW SR Ppov-,<0.0001, FEH
EVEWEEOESEEa T E XA bty i (1 QY
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Table 4 Variance and significance analysis

Congo red Methyl orange
Source Sum of Degree of Sum of Degree of
Mean square F Pprob>r) Mean square F Pprob=r)
square freedom squares freedom

Model 25830.69 14 1845.05 138.87 <0.0001 11145.86 14 796.13 80.61 <0.0001

Residual 186.01 14 13.29 - - 138.27 14 9.88 - -
Lack of fit 179.71 10 17.97 11.40 0.0157 136.47 10 13.65 30.27 0.0025

Pure error 6.31 4 1.58 - - 1.80 4 0.45 - -

R*=0.9929 R%,4=0.9857

R*=0.9877 R%4=0.9755

Residual vs. run

4
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@ 2 - /. . .
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4
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Fig.1 Distribution of predicted values and running number of methyl orange and Congo red

Nt — BRI S AT EEME, 83 Design-Expert
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— RN, BTIE AT R 3.5 VE R NI,
Z kA H TR A S5 R HER TSR B 1
ATLLE M, £ 29 isAridigrh, T E 5 AR AT E
XIH],  PRIETERT 1 2 BR Z PME /& PT SE TR 1) o
3.1.3 MIEX /I LBRNIRZLE FERE S50 iL

T3 H MIEX IR 2 Br H B (IR0 iR T2
24, FIH Design-Expert 8.0 F4F 2 5%t [ V4 75 FE 2(5)

F(6) SR H R , 15 B B oAb S8 2 A (MIEX IR F &
0.5mL, 46 F SRS AR R L0 IR BE 10.45 F1140.60 mg/L,
W pH=7.73 F17.06, WX FHEFE] 74.23 F1 196.68 min) T
LRI . Sl FRSERE SRR 1) 22 Br A mTik
100%. A TS UFSE SR AT SE0E, 4208 IR SEI6 250
VT AR S H AT T WIS 20 A 1 25 B s, Tl
MME S LG EE LR 5. vRUE H, TERIRSEUN 444
T, MIEX g x5 B 5646 5 NI 40 1) L Br 2% 4 i R
99.12%7#11 98.29%, 5 FRINME 1) ZFEAEE 1.5%, UEW]
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PG L AOMR R AR o AR TE R L TE R BE B A Sl
WRCBE BRI, MITEX B A FE S P AT R SR e 1 25 B
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MIEX B A SRiAR ), HLZR T 7040 KR i FLER
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Table 5 Test results under optimum process parameter

Dosage of MIEX Initial concentration/ Adsorption time Removal efficiency/%
Component . pH .
resin/mL (mg/L) /min Predicted Experimental
Congo red 0.5 40.60 7.06 196.68 100 98.29
Methyl orange 0.5 10.45 7.73 74.23 100 99.12
ko EFEBRYEEZMRE
Table 6 Significance testing of the coefficients of regression model
Congo red Methyl orange
Factor Coefticient Degree of Coefficient Degree of
. Standard error  Pprob>r) . Standard error Pprob>r)
estimate freedom estimate freedom
Intercept 30.12 1 1.63 - 93.38 1 1.41 -
XiXs -0.13 1 1.82 0.9431 -10.31 1 1.57 <0.0001
XXz 6.43 1 1.82 0.0033 —6.89 1 1.57 0.0006
XXy -0.32 1 1.82 0.8610 -0.97 1 1.57 0.5459
XX -1.14 1 1.82 0.5426 -2.06 1 1.57 0.2110
XXy 6.17 1 1.82 0.0045 -2.20 1 1.57 0.1828
X3X4 -2.28 1 1.82 0.2310 4.09 1 1.57 0.0208

3.1.4 BRIZAE HAF X MIEX #4 g 25 B2 20 R i 52 i

FHECT BRI SR G, e S, Y T S 46 T B B b i %
DRl 25 2 18] (1 A8 ELAR FHORE 22 BR 3 i 50, B8 U 30 52 o o
F. J0id Desigin-Expert 8.0 #5256 45 Bk 47 704
FIASHA DY BR 20T FR RS (ISR 4048 MIEX MMl E i
B RBE A T R SRR BB T, SR 6.

P (R VAR Y R 0 2 PR A 56 1) 5 22 40 W eI DA R IR
MIEX # fig F S ANV pH AIAZ H A FE X6 R R A 1 2
ZL7E MIEX WG I B R 3 A 5 sl . S 15
TG HAR FHAS HAR 2, lid s0(5)A(6) & 32 3D
M) 17 T PR S i R, 5 SR LI 2 A 3

] 2(a) 1 3(a) AT LU Y, o il A2 FR R RTINS 4T,
7E MIEX BR b 2R 50 MIEX R H & 1150
MmEsE Bb, HBE pH B3 BF-E 11, REBREEHAIEm
Sk NEES . pH=T7 I, [ MIEX M JiE FH & H 0.1 mL
W 0.5 mL, HERMERERE T 27.74%. X2
T MIEX M/l & b b (i R et e 2
WL PR R, IR TR IR 1 SE S R T . FH ] 2(b)
()& i 2R B AT 0, AR MIEX W HE BRSO R
pH=7~8 I} FH P 7E MIEX W i BRI B i £ R %,
7 AR X A I G ) SR R T R R R A K ) R T A
WM ERYLE A 5. MIEX B 32 Bl B 748 A

BRI B P 7 22 BRI R 1 R R BOY, I 4 mT
pH=3 I, BT TAAER, AR 30%0) I
W LS IR 2, XA T MIEX MRS H KA
BT, (HHTYEW A, RIfE7E pH=3 KT
MIEX B 54752 B HE 2 v 1 R R 2 B R (R T
BT, B MIEX &I EE 0.3 mL i, LB/ MIEX
PG E LR RN E 64.64%[ R (6)iH 5] X &
TBE pH JHi, FEBIERRR IS TR N, A
FITW G 5 H A 2 A S 2SR B . pH=7 B, i@
i 95%I F RS LLBS IR U4, XA AT H 5 MIEX
P RE 2 TR A B8 758 3, BT LAULIN, FOE RS 7E MIEX A4 g b
()2 BR 2R S 2 93.38%[ HH(6) T AT ] MAERIPEIF
o, WA RENEAENRE 7, SEAHETFH
FERE P SR, SE MIEX A b KB B A7 5 4
AEMRE T HHE, XREETRES, pH=11 B, Xk
KIHEZE 73.42%.

NISRLLAE MIEX B AR 1) 2sBRaR Ol 5 H SR p 2k
AR, TR Z0E MIEX S b s 2 R I %
UAE pH=4~6 I, X 5 I SR 2175 150 PO e 2 5 ORIl
BEBLERE O, BT NIR LD AR AE P AL (-SOsH), 237
KA R AE KR N[ 2R(T)FI(8)]o T2 # & MIEX B fiF
LBRRIR A ) = 0%, K 4 v LA H, 4 pH<3.7
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Fig.2 3D plot and contour plot showing the interaction of dosage of MIEX resin and pH of methyl orange adsorbed on resin
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Fig.3 3D plot and contour plot showing the interaction of dosage of MIEX resin and pH of Congo red adsorbed on resin
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Fig.4 Theoretical distribution of hydrolysis products of methyl orange and Congo red
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