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A heterogeneous Fenton-like system with nitrilotriacetic
acid-Fe'/sodium percarbonate for removal of bisphenol A from water

CAO Qun, GUO Bo" , FENG Fan, JIN Shi-yi
(College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: A heterogeneous Fenton-like system with nitrilotriacetic acid-Fe’/sodium percarbonate ( NTA-Fe’/SPC)
is used to remove bisphenol A (BPA) from water at neutral pH.The effects of the dosages of Fe’ ,SPC and NTA | initial
pH,and temperature on the removal of BPA are respectively investigated. Results show that the removal rate of BPA can
reach 98.8% after 30 min reaction in NTA-Fe’/SPC system under the optimized dosages at a pH of 7 and room
temperature.The comparison of different treatments and the change of iron ion concentration during the reaction indicate
that the complexation between NTA and iron ion maintains a stable concentration of Fe( Il ) in the system,and hence
broadens the application of pH range in NTA-Fe’/SPC. The addition of Fe” provides the source of Fe ( Il ) as the
catalyst,and also can accelerate the cycling of Fe( Il )/Fe( Il ) in the reaction, improving the utilization of Fe.Free
radical quenching experiment implies that +OH plays a main role in removing BPA.The pseudo-first-order kinetic model
(R}=0.983 4-0.993 3) can describe the removal behavior of BPA in NTA-Fe’/SPC better, indicating that the process
is mainly controlled by chemical oxidation.The value of apparent activation energy is 34. 68 kJ+mol™" ,implying a surface-
controlled reaction. Thermodynamic study indicates that the removal reaction of BPA in the system is a spontaneous and
endothermic process.This study provides an efficient and eco-friendly method for BPA removal at neutral pH.
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1.5H,0,) &I =R (NTA)  H #E(MeOH)  HilR
(H,80,,98%) A AALH (NaOH) , B Ry o3 b, Bk
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55 44 HIBT 1

FA2004) .
1.2 XWHE

SCEGHAHE 100 mL HEIE R LR SR T, 7F— 2 UK
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BN R AT —E MBI, U RA B =R A )
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B pH PYRGRIMFEAR, R R TRRE & T AR
TUFE A Fe( 1) BAFTE , T 4EHRF HAR AL TG 15 75

55 44 HIBT 1

w

4
3
1

0 5 10 15 20 25 30
J Vi B} ] /min
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KIE TR Z e %) pH HdE & F %4 BPA 7]
LR K b B S B ER BRRE FH e, R, AR IR
E pH=7,
2.7 BEREZEKRZE
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1 98. 8% K& 3 A MeOH (¥ 37. 8%, Al LUE
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KiE R, - OH X} 25 B BPA (1 5Tk R ik61. 0% , P
B -OH 7E NTA-Fe’/SPC %2:[% BPA fd fErpif &
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1.0
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J Vi 5[] /min
1—Jil MeOH ;2— AR Jiil MeOH

(a) H H PR R0
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(b) Rk Z - OH fy7= i

W7 B @A KA BPA £ 8% m &
TR Z Pt -OH By £ & &

HH 7 (b) AT, SR AR 6 B T AN [ J
NIRRT - OH AR WL, #F pH =7 B4 T RN
30 min B}, AR R - OH B /=10 . Fe’/SPC<Fe™/
H,0,<NTA-Fe’/SPC, W DL H NTA-Fe’/SPC &
AR - OH G Hop AR R DR i e fe
) BPA LBRACR . X RIS (WL 1) H45F, A
B - UHIESE pH HPE 25 R, NTA 5 2 3 0m 12
Fenton JZ W 7=4: -OH BIVEA .

2.8 NTA-Fe'/SPC EZHFHBFRENTH

DL 0 AE 43016 5 B v 00 7 s R VN Bk S Uk
B AR R R Fe( 11) Fe( I1) ¥ 325 AL LI
FEHAEFIHLEE, NTA-Fe’/SPC 2 W 4 2 ik 55 1
WEE AR ANl 8 i

16| i

=141 i 2
212} ;

SN A
T T T
B—1

BRES TR / (my
o >

|

\

|

5 10 15 20 25 30
JZ 8] /min

1—Fe( ) ;2—Fe( 1)

K 8 NTA-Fe"/SPC R jpifk % o
KB TFRENT A

FE NTA - Fe"/SPC & & i, Fe ( 1) LA K
Fe( 1) ¥ BEAE 10 min PIFFEETHEY . XEH T
Fe' AW JE s i, Al Fe (1) #E AW [ X
(1) .5X(2)],1MJ)5 Fe( 1)) 5 H,0, &% Fenton X
N AR -OH Fl Fe (1), 30 Fe ( 1) ¥ B T+ [ 28
(4) 2(6) ] ;7 10 min I, NTA-Fe’/SPC & %
T IR E f K, - OH 4 A Rt 55 K, Fenton S
N FEAGK RN, K% 10 min J5 Fe( 1) e 2 A A
TR, M Fe () £ +F L F+, 3 i Pk B Fe =
[Fe( 1) +Fe( ) J#kaE, 4 Fe® 1Y 72% 72

BEEF  NTA-SNE/ T HRERINEVIESINEZE Fenton IRRERRKPINES A BIAR - 163 -

fio ATLAEM, FEPYERME T BT NTA 581
AW, 15 KAy Fe IR R SIETE TR
13X & NTA -Fe’/SPC % R & £ B BPA AR A
2.9 FHZESH
3RO —2 [ (8) 1A = [50(9) ] 3h
F12FAE AR NTA-Fe’/SPC 1K & H BPA 1) 22BRiEfT
BIA AL R NE 9 R, AN R 1) 35 F1 2 2500,
#1,
- In(C,/Cy) = Kt (8)
-In(1/C, - 1/C,) = Kyt (9)
A, C, A BPA WA E , mmol/L; C, A ¢ min
A9 BPA ¥ mmol/L; K, (min™") Fl K,[ L/ ( mmol -
min ) ] 43R O — G RO 2 o 5 R A

4+ v
4

~ 3 B
< 3
Q2 2.
=
= 1
I 1k

0 X . . . .

2 4 6 8 10 12
B8]/ min

(a) Dh—Z AU A 2k

-In(1/C-1/C,)
S = N W A W
..//

AW =

|
—
T T

4 3 10

6
5} [8) / min
(b) th— gz
1—288. 15 K;2—293. 15 K;3—298. 15 K;4—303. 15 K

K9 £ BPA W HEMEER
*1 £ BPA WEIH¥ESH

th—4 th—%
T/K
R? K;/min"! R’ K,/ (L+mmol™" min™")
288.15 0.9834  0.1895  0.9862 0. 3530
293.15 0.9878  0.2401  0.9699 0.3753
208.15 0.9933  0.2922  0.9901 0.4159
303.15 0.9901  0.3940  0.9896 0.5130

e 1 Al 0L, th— A Eh — g sh g 24 R R ¥y mp
PIFLA BPA 5[4 i3 72, Ui BPA 119 2 55 BE €0 45
fb2F E A AL FE W B 7 E P — 2% (R} =0. 983 4~
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0.993 3) AL TP AR AL (R; =0.969 9~0.990 1),
UL BPA (5B A4 R A 72| HL Rl TR
E@ﬂ%fi@ﬁ%#ﬁijﬁ,12§ Fenton & & 2Bk
BPA SZWH N, AR TR e T A
InK, =- (E,/RT) +1n 4, (10)
K. E, AERMIEALEE, J/mol; A, J 485U AT K F,
min~! iR jﬂfﬂfkg/—jhﬁgﬁﬁ,g 314 J/(mol-K) ;T M
=l (10) 3R 15 25 6 BPA RO R WIGILAE E. A
34. 68 kJ/mol , Ut BHIZ I A2 — 1~ 2 1 44 il 1) ) iz
HABRMTERE(>29 kI/mol)
2.10 A=W
h TR E LR R LBk BPA (it R
XPIZ SN BRI 2E A TIN5 . O R T 2 5500
HEH B BE (AGY) bR HES S (AH® ) 1A% HE i A2
(AS”) R AT #E AT 45
AG° =-RT In K, (11)
In K, =- (AG'/RT) = - (AH’/RT) + AS/R (12)
K, K, (L/g) 2 -1 5 5, AG®  AH® F1 AS®
In K, il 1/T BFEEIAIAFC0 | it 2 5003 2.,
R 2 BPAEBBRNFESH

/K  InKy AG/(kJ-mol™) AH/(kJ-mol™') AS/(J-mol™")

288.15 5.04 -12.07 395.51

293.15 5.50 -13.40 393.32
101. 89

298.15 6.09 -15.10 392. 40

303.15 7.20 -18.15 395.95

AT R PR AIRE T LB BPA B35 1
Wrbrdi At AEX N A, DEIZ AR R 0 A & it
P, HFEE IR THE AG M4 X ERE = Th i, %
IR B ) T A R T RO A R I iEAT, AHS R
101. 89 kJ/mol , AJ 75 2% S5 i > W 4 S 1w L I ik P
T SO R IR . AS® FEAR SR AT A0 S 14 F ¥4 R 1E
(B, 156 19 5 16T 19 1 RSP EE R

3 #ig

(1)NTA-Fe’/SPC f& R 7E Fe” . SPC NTA [14}%
JindE 25102 0. 6.0. 6 mmol/L #1 1. 0 mmol/L BIALAL
SR, AE pH=7 F1298. 15 K A £33 30 min B
N, BPA fE R Al ik 98. 8% ,NTA 58k 5 T 2 [6]
(25 A E I A0 56 TR R 1Y pH & VL L,

(2) H HEE K LR 45 R R, 78 NTA -TFe’/
SPC 2Bk BPA [ FEH, - OH X 22 SR () STk ik 2]
T61.0%, XERWLEZER T NTA 5T 1%

55 44 HIBT 1

BVEFA B TR RS E 1) Fe (11 ) MRBE , AT 3%
P T -OH M= it

(3)Th—2% (R =0.983 4~0.993 3) Flfh — %%
(R3=0.969 9~0.990 1) 3l J) "F AU LA NTA-
Fe’/SPC Z:Fk BPA i B2, i fh — e B o ), 3%
BHAZ S 1 D AR 2 S8 A0 ok 325 6 WL TG 1L BB 4 34. 68
kJ/mol , J& FFE# i S, $T124 Br s R
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