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Study on Adsorption of Bisphenol A from Aqueous Solution on Modified Activated

Carbons

LIU Gui-fang; MA Jun, GUAN Chun-yu, LI Xu-chun; QIN Qing-dong; LI Gui-bai
(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: A commercial activated carbon (WV A1100) was modified with nitric acid> sodium hydroxide and thermal treatment in an
atmosphere of N, . Several techniques were used to characterize the physicochemical properties of these materials including BET, XPS, pH,,.
and Boehm titration. The results indicated that the specific surface area of the W20 remarkably decreased after oxidized by nitric acid. But the
amount of surface acidic oxygen-containing functional groups of the oxidized sample increased compared to the W20 and resulting in the points

of zero charge (pH,,. ) changed from 4.95 to 1.50. The changes of surface chemical properties of thermal treatment and sodium hydroxide

pze

treatment were opposite to the oxidized sample, as a result> the pH,,. of them was changed to near pH 7.0. However, a 43.81% surface area

pre
of W20 was also diminished by thermal treatment. Furthermore, the results of BPA adsorption indicated that the oligomerization of BPA on the
surface of activated carbon could not be formed through oxidative coupling reactions in the presence of dissolved oxygen. And the data of BPA
adsorption on original sample, thermal and sodium hydroxide treatment sample were fitted to the Langmuir isotherm model well. Whereas the
Freundlich isotherm model described the adsorptive behavior of the oxidized sample better. In addition, the adsorption capacity of thermal
treatment sample was the highest and its saturated adsorption capacity reached 526.32 mg/g. The value was three times higher than that of the
oxidized sample. Combined with the results of characterization, it was found that the hydrophobic nature and zero of net charge density of
carbon surface were the main factors to affect the BPA adsorption on activated carbons and the adsorption is based on w-7t theory.
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AR F HNO, « NaOH % il N, % i FH 3G 24
B WV A1100 JEAT Ul E A B, DACK AR 3 M % (1) 4 B 45
FA) R 2% THI Ak 27 P 5, 38 3ok 0 Bl st R 5 Ji e et K o
BPA I I € )1, JF 4545 BET. XPS< pH,,. /2 Boehm 4%
RAELER, o3 Wi e T W B BPA AR P AL .

1 #MR57AE

1.1 WA SR

XUr-A A Sigma-Aldrich 2 7 7= i, 26 & T
99% , i il 9% s K 1) Sk 0 M 200 Si2 56 FH A 4 W
(1 /LR FEE: K = 1: 4GB O EL I, I H AR 4l
/K(18.2 MQ*em, K FH Millipore 2 & il % )2 — 2 #i
BEAF B TAES . W F0R B, AW 0 R A T
e R B AR N, SPATR B R 964 mg/ LI, f5e KT
B AN 7 mg/g™ s BRI, H AR 4 3 9 s 3o
R LN P AN 2 06 FEAE V& PR e b B0 TR B 7 A
Wi BPA T RS HOL K 1.

F 1 BPAHIERBHE
Table 1 Characteristic parameters of BPA

CH,

0T 4k o< <__—ou
CH,

MW/g‘mol_] 228.29

lgKow 3.3

A/nm 280

Wi/ 250

pK., 9.6/10.2

53T PY 35 K 18] B /nm 0.94'61

SR RS PE R WV A1100 13 [ Westvaco 23 7]
PRAE, B A AT, R RS 0.4 ~ 0.8 mm. B R
R LB KL B pH PR FFA A, 76 105°C1H
WA T 24 by BUCH A N, SR EERETER B
P T TS A GE Rl W20
1.2 iEPER

HNO, %84k : K W20 F1 15 mol/LI¥] HNO, ¥ i 1%
1 /10 mL I EEZIMAF] 250 mL ¥ 58 CVHETE L, 76
90°C /K ¥ ik i (19 6 by MU H 3 PR e, 5 4l Ak B [
JR R GIE A W20A) .

NaOH At #: % W20 1 0.1 mol/LI*) NaOH % ¥
% 1 ¢/10 mL B EEZ A 2] 500 mlL B, 1% ) 4
F 24 b, PO TEPEIR, J5 2L B[R] I 2k (Il 4 W20B) .

i N, Ak PR 7R S RS w20 BT S AR
WIBZ A 1 h(100 mL/min), Z J& 7E [FFE N, 9 R
K S ARYTLL 10 °C /minfE EAHE 2 600°C, REF
3 ho FEl B2 P A 5 S 45 8 N, B PR, AR

RS N EE TR ORN, BT Gl
A W20ND .
1.3 ETERFAE

TR A R B SR T AR S ) SR T ASAP-
2020V3.0H 4 [ B B CE D, fEd B 77 K ik
A7 R BRI 32 s SR H XPSCPHIS700 ESCA 92 ED %
TCHE T, EEHETER T CONVO JTTH W& Tk
IRIE) pH,, U 5E 252 SCHRE2) 4 A8 (K 4T ¥k, W04
pH E4 3611, JK/IKJITE LN 0.5% ~ 15%: [F] I
F Boehm {4 1 125 1 5 ¥ F < 3% 101 1) 1R B8 1Y RE 1%

i[m] )

1.4 BPA W 5514

@ £ 3 4250 ml 41 FUEH 53 3N 100 mL ¥
24 60 mg/LIK) BPA %, HoA1 5 1 mmol/L pH 7.0
(10Tl 12 5 2 WP L, <2 5 1R P9 43 )38 30 min 1T N,
20, HME N, HAINZR, i€ BPA WA 21
PRI A M AR A 5 A ARNL BN 10 mg W5 PE 7R
W20 H N ZE B, KT 25°C TH M K iy P35 s
(SHZ-88 YL 75, ¥ W Pt (150 r/min) 24 h J& HUFE 43
T s 25 AN SARAEAE T BPA TETE T IR
BH O, I AT 3 K.

@ E—F41 250 mL 41 IR 2 500 100 mL
ANFIR FE ) BPA %5 ¥(5 ~ 90 mg/L) s Z Jii M) N %
BN 10 mg W PR W20, HAR A F @, AR I R H
FEIT TR 4% BPA WSS, 5 580146 BPA W 52 X6F WA B (1)
AR

@ [ EHIU BPA W PEA 60 mg/L, 73 7] 4 A
A FEIN 10 mg W& TR W20 W20A W20N & W20B,
HARFZAFT D, A 7] 1 (8] BUFE 23 87 60 42 BPA KR 2%,
F 5% BPA AEAN [R)E e b PR BRSP4 A7 100
1.5 BPA W45 28

fE— #4250 mL 40 U 2350 50 100 mL A
[ & (1) BPA ¥ ¥ (20 ~ 90 mg/L), H i & 47 1
mmol/L pH 7.0 B #5 52 i as Wi, 2 )i 1) il 3 5
10 mg FOR A BEAF 1) 3% PR ¢, W B 45 AR R] 1.4, HURE
SIHTRI R BPA WREE, SEI0 A 2 4K, I 22 I 7E 5% LA
W, &5 KLU (E S
1.6 HrJik

SEG h BPA MR SR A R 80 AH 3 (CHPLC,
Waters) M & , X 45 LA Waters 2487 XU A A Il 4%
Waters 717 Plus H 1 3EFE 28 F1 Waters 1525 HPLC 22
e E, KA Symmetry® Cig #(4.6 pm x 15 em, 5 pm-
Waters) 7 25 H An 40 . H AR W 4 28 4 - S s A ok Y
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B2 7K = 7:3, YL 1 mL/min, #5344 280 nm.
2 #RE5iTE

2.1 WEPERAE

TR R O8I AL BE 2 AR 22 R ZR S R, Santiago
25D Acedo-Ramos 55 Ay, A 5 [ J 45 40
BR300 AR JRE  pHL S U B2 A IR TR) 455 35 2 52 Wiy
FINEVE R IR AR PEROR 3R 2 4t T Sk R e S
PR 3 T 35 40 F BE 141 S SRR Atk 5 AR i AR Ak, ]
LA HZ HNO, AL B 5, W20 RIS R AT
REHT S 21900 T 0.47 mmol/gs AH 5, NaOH Ak 2 U] [
ICT X 2 M BE AT & &, FEASE N 0.23 mmol/g;
e, T A5 B AR T T ik PN T e A 7y o i 45 P 1
RE T 1 23 it B vl 85 BE TR BT, DT ASE 5 1 i A2
bl ARz o N, ARER S A B R
4155 B> T 0.44 mmol/g. X EEAE I £ 45 R AL
73 HNO, 8405 W20 2 I R R 11 19 I, T B P B ALK,
RHLA pH, H14.95 B4 1.50, NaOH 15 il N, AL 2E
JA BRI B, pH, 50 T4 6.44 1 7.42.

F2 EERRENLFMER

Table 2 Chemical characteristics of the various activated carbons

—OH  —COOR —COOH M pr

e 7 " ! ) i
/mmol*g™" /mmol*g™" /mmol*g™" /mmol*g™" /mmol*g~!

W20 0.07 0.27 0.28 0.62 0.32 4.95

W20A 0.08 0.03 0.74 0.85 0.10 1.50

W20N 0.08 0.11 0.00 0.19 0.21 6.44

W20B 0.02 0.30 0.10 0.42 0.67 7.42

TCE TS R R o R P b B S AC BER
T2 AR RE 0 1 S0, AR 3 ] LA Y, W20
£ HNO, b5 s & &= KRN, H 9.61% 1
INZ 22.27% ; 4 i N, ALELJE WA BT B, B4
4.86% » i PR A Ak 21 Ik B B 1k 25 R T R R
1) — L2 S A s NaOH A BRI 2 e 48 e - 11
AouE SR AN, & HNO, FAL AL B S, AC K TH 5
AT —EENATTE, RGP R A& A
Al A

£3 EHRNEHWBTERTES N

Table 3 Textural characteristics and elemental analysis of

the various activated carbons

e/ Sper/m?eg™! C/% 0/ % N/ %

W20 1753.05 90.39 9.61 0

W20A 1.27 75.21 22.27 2.52

W20N 985.00 95.14 4.86 0

W20B —D 88.35 10.86 0
DA E

WAL, 23 Wah T oot i S s R bR T AR
RAEMAAL, AT LAE HR v T w20 (1 B AR AR
KIBBT 1753 m?/g, 75 1E 25 G )l ik N FLH LG
T B0 3% 5 W B £y — > = SRR &, BT
FHVE TR A LA B 56 BPA BRIV LA 1R 45 1) W B i
HNO, A AR 5 1 2k 1K) FLBE 45 46 i A5 Tl AL fe b
FALRURAL, I HAR B & 40 B R < B N, 2EA
AL, ORSZEG T W20 28 HNO, Ab G B 2 TR
2 RGN, AR FRAE TS W20 FRAK T 43.819% 1)
R, X WA AETE N, R, Rk 2
600°C 23 1 il W20 FL &5 4 (1) 7™ A 3R
2.2 BPA [ B 5 -1

TEVE R SEATAE N, By 20 W A 8 P i 3 T
W R AR A R I AR A SO, A e
(PAER SR A, AT B e i S AN ] R, 28 5 i 4
AN BRI R B W B L BEE02Y 26 4 4 L T #E 0, F
N, 2 PSR 73 BIAF4E R, BPA £ W20 b 1 W5 B 4
LR 4 thoa] DUFE S IR 2EAT 30 b JE, 2P
BPA ()< BEFEAANAR , MOy 1) W B A4 2108 N4
AR HARPIAI A6 B () A4 e Ah, XTEE N, 5
0, FA1ERZR BPA ZBRIGHL AN, — V35 £ BRFAL
FHZE 0.06% » Vi WIE I R S8 AF /R S5 F T, BPA Ao
TERR I KA ARG RNV, X AT e 5 BPA A5 (1)
Iy T AR R ICIR 45D, BRI, J5 S S280 2 A vh
AT HE RS R T AR A SR A 1T X IR PR e ) R

F 4 FTEIBBSUEIT W20 IR BPA B 520E
Table 4 Effect of various dissolved gases on BPA adsorption on W20

BPA ¥ S8 P /mge 1!

e B A 2 EBRFE /%
t=0h t=30h

S| 60.54 60.27 0.43

W20 + N, 60.92 24.88 59.16

W20 + 0, 61.40 25.11 59.10

H AR BT 4k A DA JH v i EH AR 281 [T A 22 1
A& B AL T By 77, [ I 5 v 55 9 2 e X G
B (0 e ) RS, JE T 2 B2 [R] BPA WIAR M BE %
PR I L B A O, T DA BT A 1 o 1) 2 B g
79 J A W B S 2 S 5 BPA IR TR L I 1 4 il
T AIF BPA WA R (5 ~ 90 mg/L) NG TR W20 X
FOOR B BRI L, 7T 0L IC6T BPA H AT B4 1 s B
ReJT, BBRZFILBN T 52.96% ~ 99.01% . 72 B 46
)24 h Y, W20 X BPA (1) s AR P, 2 J il %
BRI B AR I B P11, BPA I SR TR
SRIMBEA BPA WL 5 mg/ LI 42 90 mg/L, H:
ERREE T RE, B 99.01% K4 52.96% , AH %
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TR R (0 W B B D0 W) 47.03 mg/g 2 R E 452.80
mg/ g, J5 PR AL V% 1 7 3 1 P W B A7 B A BPAL I 5 4
DR PIE B WA, AT IE F H AR 4 25 B 2 1) W) S B
%, [T BPA 5 PR 4 v 1 2 m KW B 3k 2 1) 4% o
) 3, 33 i i A G 1] 3 R 2R A AT A8 i 1 e W
BE A5 AR 3 . DRk, I st 5 199 BPA 94 %
IS A S| PR /e LA R T N S M ol
BPA S 5E 4 20 ~ 90 mg/L.

100

20 J,"l ——5mg/l. = 10mg/L. 420 mg/L > 40 mg/L

B ——60 mg/L —°-70 mg/L —=—90 mg/L

ok I | | I |

0 25 50 75 100 125 150
t/h

¢9=5~90 mg/L; AC=10 mg; pH=7.0; 25°C +0.2C
1 BPA #3&/KE T W20 IRt BPA RIF2E
Fig.1 Effect of initial BPA concentration on BPA adsorption on W20

Kl 2 7 W20 ZRAE ST SR BPA IR B 2L
A DL B I REHEAT RS 4 d W, ¥R BPA ORI 4
WREEFEALRFFANAR , W25 i 2 S0 (1) ~F- 18 1) 52
4 d. Ak, 4 HNO, AbBEJE 1K W20 X5 BPA [¥W F R
JI B BEAK, A 9.50% 111 BPA LR, 1 =il N,
SEPEATAS IR NS BPA ) L BRFIL S| T 78.33%, HAK
Ji PRI S il 2 4 R A B b 45

1.0

0.8

ciley

—— W20 —A— W20A —©—W20N —85—-W20B
0 I I 1 1

0 20 40 60 80 100
th
cp =60 mg/L; AC=10 mg; pH=7.0; 25C £0.2°C
2 BPA ZEREIEM R L AR M T

Fig.2  Adsorption equilibrium of BPA on the various activated carbons

2.3 BPA W Pf &5 6

W20 W20A . W20N F1 W20B 1] BPA W Bt 45 il £k
Wi 3 Brow, o] LU H 4 Bhs PR 6 BPA 1R IR b 45
Wk LAY,

N TG b AN VP R (R W B AT Ry, PR
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*W20 A W20A

500 © W20N 0 W20B
"on 400
on
g
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g
= 200

100
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Fig.3  Adsorption isotherms of BPA on the various activated carbons

T Langmuir A Freundlich 2 Ft 45 il 26 155 78 X0} 52 56 44
PaBEAT LA 20 A, 3 A AR N PR B
AT BRI R A0 H AR P BEAT 5531 T2 W BA 1
Je A W& H AR AL S BT T b (R B, RAR A Ty
FE A XCDOR),

Langmuir /7 F%:
c 1 1
—= = C., + ( 1 )
qe qm ) quT,

K e g 2 VA WP IR E Cong/ L) 15 - 7487 W B 2
(mg/g)s q,, A V5T TN B 5 Cmg/g ), S BTG T
BN H AR AW B BE 05 Ky b W B 5 0 (L/mg) » %
W H AR M LR BRI S S Re )

Freundlich 77 F%:

Ing, = %1ncC + InK; )

XA, e g0 R TR R E Cmg/ 1) 5 1 1 W B 7
(mg/g) s Ky N WP 50, S vty R R H v 4 1 R B
REJT5 1/ R B 5, s W 1k e 32 10 S R 85
HAry) 5 Hogh &

Kl 4 FOIE 5 450l 2 FH 2 ol 45 i 26 A5 70 06T 512 46 4K
P R AL R 50, TT WL 2 PP IR P40 G 4 R
ZeE, FARBALHE WA 5.

FHOG R CR? ) T 4 e Wi o5 Kb B 45 R (1) e M
J&, N3 5 1T LUE Y, BPA S5 il 2 S50 25 (B W20A
AM)H Langmuir #5884 48145 AH X 5347 £, R* 75 0.99
PLF, IF H W20 W20N A W20B (1) 1/n (HAHZEAZ,
7F 0.239 ~ 0.284 Z [i], /NT W20A 1 0.708, WK
H 00 e TORE BT, LT W20A, dE— 2 Ut
AR A A B R, 36 18 T Pk 3R 1T B AL &5 R 1 ™
HEHIR(E BET g518—20, Kk, BPA 7E W20+ W20N
o W20B 3R 1] 32 22 A 1 52 34 W B, 1 AE W20A
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& W20 4 W20A o W20N o W20B

10
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08 | N ¥ v

— L
% 06 |- A 0.09
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> 0.06
S 04
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02
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0 | | 1
0 20 40 60 80 100

g B co/mg L
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Fig.4  Adsorption of BPA on the various activated

carbons treated by Langmuir equation

7.0
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250
l /
3.0 Il 1 | |
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Inc,
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Fig.5 Adsorption of BPA on the various activated

carbons treated by Freundlich equation
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Table 5 Equilibrium isotherm constants of BPA adsorption on activated carbon samples

angmuir 5 284 5 % reundlich 15 7Y ¥ ¥
T . Langmuir 5 jliiil Freundlich 78 5 (
qun/mg*g K;/L*mg Ky 1/n R?

W20 476.19 0.219 0.9916 157.67 0.284 0.981 1

W20A 175.44 0.010 0.900 5 3.48 0.708 0.9874

W20N 526.32 0.500 0.996 1 223.77 0.239 0.959 5

W20B 476.19 0.247 0.9936 167.27 0.262 0.998 4
2% 10 )R] BEAEAE 5 W B, WO B R H Freundlich A
TR UL A5 A B G 2, e, S A AL B S ok R T AR H,BPA—H*—> HBPA" (3)
R U e A1, 0 AT RE S W20A R I H A [F] IR HBPA~ —H*—> BPA™ (4)

BEAT R I R R 2 —

AN, Langmuir 05 1 2045 RAE W] W20N B AT
g R B BPA fE 7, MR IR B ik B T 526.32
mg/g, 1T W20 55 W20B 2 30t i W Bt 68 g AH [R],
W20A e85 7%, S KB & AT 175.44 mg/g, 1TAIK
T 3 Bl TR, IF H BPA (3 1 2 T B A7
(R RE ) BRI T ARLI A

3 BPA WRMIHLIE 4T

WH BPA fE/KE P AEE PR s [ WL A 5
(3)F1(4)], Bautista-Toledo 5 #f 5% & L, 7 pH 8.0
I, BPA KA a3 s (9 — 4 H S 1T £E pH 9.0
I, BPA JT 48 H B a0 38 () FiroR (1) g i, i B R
SR WA ZR KT pH A 7.0, PRI BPA ZE W B2y
TARXAELE R, HT BPA 731 45t N Iz (1) 2
AN R EEES R 0.94 nm, /N T3 T R I AL
EAE 2 nm, B 1 b T AR 2 2 i Ak AL O 3
23 LR B BPA RE I — AN E L AL,
ALK T H B4 5 1 2 B A AR AR 5 (1 4 38
Ab, JoA 25 o H bR W 88 A — 5 1 44 27 B R R

I AIRIF 78 DA A 8 P e 3 THT VB RS ASXof WB BA EBAR
Wy R R A VR R, AL 2 P —
TP e BOE, BIALG W) A 5 05 38 o io 7 5O PR
JR AT B )E o BT 2 AR AR men CAHYE Y )
— i WL K- SZ AR Cdonor-accepton) B2, BT AC &
TR — 6 G 11 Bl ik B BE 1415 0% B0 B IR I R Ak
B AN, AT RSO A R TR I eI e 5 R
Ty b PR e (A1 JE Rl S B, WO R A A A —
Folv i) 8 (R 0 B

M 2 M3 5 ¥ RTE H, HNO, S0 AL 3R K %
fIK T W20 X} BPA WP B8 7, 25 G P R Ak 45 3
AT AT A, A AL B S R B R AR KA 1.27
/g, FEAFAGPE R 1) BPA WR B KM T B, [ £
A AR A S, R 5 AU RE AT B S I CpH,
= 1.50) %% 3 B0 2 110 Aar % B 11 BEAIS, AF) T e
WS B, AT B AT W20A PRI B 8 ) . SR T, 44k Ak B
A3 R R TR IR 1 g A% 38 0k 0.74 mmol/g,
% Haydar S5 B2 H T 7%, B B %R
() BPA JE AU B, 7 2E 168.93 mg/g 1) W Pt 3, [ Hf
W20A HHRAT E 54 0.10 mmol/g, B 4%k Bl 1 11
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WAL E REA, WIAT =2 22.83 mg/ oW B i, MO LT
PRS2 A JE i SR Af B2, W] ALE 1 R e K AR
191.76 mg/glt] BPA WFHHE T, 53 5 41 175.44 mg/ gl
R B o i R ZE A P e 2 e E VR B
TE I HE [ BHL %€ BPA #E LA B D), Ak, £E He
RN R o T2 BN, SR & i
(175 AU B RE X B BPA A2 31 T R

NaOH SCH Ab B B2 W20 (1) W8 Bt g 77 CAL
50, HE AR T 45 AL, B A B A e 2 T IR R AR
O AR, AT SR A B 8 25 IR W20B 11
BPA WL BffiE 7, AH SOtk RT3 v 17 1 f5 IR R THI
AL A4S pH,, tH 4.95 TF & 7.42, KRR A
TEPEIRAE pH 7.0 MR B A4 2R AR S 41— AN B 5 5
HL Ay 85 B AR O 22 (1) R T, XA e C AR T 90
4 F, Bautista-Toledo 25"V IF 57 I\ A 3% P 75 763X PR
B FHA TN BPA B A 5 (1) W B & 7 . 4R M,
i ARX W20B JEAT E R TR, TEiE TN Sy
X IR B 2B P AR I T, B SR R T e LK
A F B 5, 8 Ll 3R TR 1R o507 el e A4 5 4E DI NaOH
Ab PR T BE 23 PEAR Sy ) 23 52 10 5 1) R B R T
I, NaOH Ak 35 W Bt B8 ) 2R o3 o) B = 221X 2 7
MERGAEH SR

P N, AR E S G5 e CW20ND R B BE A BT
P, MR B 5 A 3] T 526.32 mg/g. A EVETT S
IR IR ARAL KN, W20N 1 B  BUEE W20 BEAIK T
43.81% (W3 3), 3X 23 KK FEAK R K 1 1K) BPA Wt
A7 [RII B B A1 e 45 SR R B, ook b B S w20
R A T BE 11 5 2 W A8 ARG C R T A i 7K 1)
WD, AF 1S BPA 5 52 OB W] 1) 1 I A e PR A1
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