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Abstract

The surface modified activated carbons (SMACs) were prepared with various P,Os concentrations using two activated
carbons (ACs: waste citrus peel-based activated carbon and coconut-based activated carbon). The characteristics and
adsorptivity of bisphenol A (one of phenolic endocrine disrupting chemicals) were compared between ACs and SMACs. The
contents of C, H and N of SMACs were similar to those of ACs, but the content of P,Os for the former increased greatly than
for the latter, due to the impregnation of P,Os into the pores. The specific surface area, total pore volume, average pore
diameter and iodine adsorptivity for the former decreased due to the impregnation of P,Os into the pores, compared to those
for the latter. The adsorptivity of bisphenol A for the former were higher than that for the latter, although specific surface area,
total pore volume, average pore diameter and iodine adsorptivity for the former were lower than those for the latter.
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© 2 5E bisphenol A9} -2 EDCsE A A= Wote.
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Z12{1}Choi et al.(2004, 2005a, 2005b)-> EEHA] &
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o tjgt A& ‘&3l A-8-EHused activated carbon)<]
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2 AlEKvirgin activated carbon)2] H]FEWH4(1,610
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chFe Aol B eie] S sfsteREo 2 )43k
T %**EM H] 3 ﬁﬂr 18=17], 8.0 = 2%

7 Po}oﬂ D}ﬂ ‘31‘
=) 7] &kt
wp2bA] 2 Aol A= P,0s 2 7)1 A S g Eke] Hlis
A EDCs 9] A7 0l E7H4 Y 310 = gk o] Al
A ThE 0 = | )= biomass ARIQ] HiZEH o = -

W
ot
e}

F 24 eh(Kang, 2011) 2 Al 3L Q)= oFAHA|
TR 520 P,0s = 329 7Skl S
2052 ER7NE H5-0] 2deke| C H, N,
7 ]% *«] W3}, B 3EHA, ASH-)
d-S- 217 X 31 bisphenol A

r
ftlo

oo T
HEFUlOo}L‘,N
EOHH
oot o

O, WE
=
L
X
o [

oo
b0l
ol F
il
E

ol g
et

Do
2
bl
SE
ol
ok

ERES

o AL SHEke sgrELS 9l
AE(WCP-AC) 2} A 385 1L 9= oA
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*} 7 B e T el ke ek
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o tigk KOH A H|&-S 300%= 3oL, @452
900°C, &4 3}AI7F 1.5 hre] Z710| A EAJEH-S A %35}
ATHKang, 2011).

EAeke] ¥y A-2 WA B0 g2 2 Lo Ho]
7ol @2 vl I35 %E2] P,0s(Daejunghwageum
Co., Korea, >97%) 5=8- 1 LE Y11 300 rpm ©-% 24
hr WREAIA 7RSI o] & of Fhste] Folxl 7l &
S SRR 0] Al Tkl 105 Tl 94
AIZEE<E 7AZAIZ] 2 140/200 mesh 2 A 2] 8Fo] A}
et 2 7N A ARS-EEP,0s 55250,
500, 1,000, 1,500 2 2,000 mg/L =2 E&]|5}5.0H, o]
ZAl P05 5=l whet fofxl fE e e WCP-
AC-P250, WCP-AC-P500, WCP-AC-P1000, WCP-
AC-P1500, WCP-AC-P2000, C-AC-P250, C-AC-P500,
C-AC-P1000, C-AC-P1500, C-AC-P20002= 5}
et

Bisphenol A(4,4-isopropylidenediphenol, 4,4-(1-
methylethylidnene)bisphenol) = Fig. 19]14] H5zo]
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Fig. 1. Structure of bisphenol A.
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H|FH=A7 ](Micromermcs, ASAP-ZOlO) ‘3-1 Mercury
porosimeter(Micromeritics, poresizer 9320)5 ©]-&3}
o] ABIGITE Al 55 25 350 C e A A 9] 710014
23] &7]A17] T30l BET H|3EHSA 7] & 01851
77 KollA] 2 F3pel] ofoff v]3gd 4], e SLAlE
XS SACIGT: 3k 2w Bl /i SRk 33
F=re] T o) = FAPHAFA T (scanning electron
microscope (SEM), Hitachi, S-2460N, Japan)S- ©]&
sto] FEsIeick

e A fd e dere] 9 0 =) S e 2 KS &
SR A1 HH(KS M 1802)]] whet =7d813 o, 3]
2 A FEA LA Ao whet =egsiaich

2.2.2. FH4Y
gl gl s 29§49 bisphenol A2 &-2H2
Qe sl 0 QSIgom, 2 L 47}k 40

2L

mg/L9] bisphenol A £ 1 LE Y1 of7]o) A&t
2L ANALE0.05 g5 }’c‘&? 7194 300 rpm
o] &7 wHkshaA] AT AITH1 ~ 120417 F-of| 2

mLe] AEE FH 3} syringe filter(0.20 pm, Mixed
Cellulose Ester) 2 ©]¥}3F & bisphenol A2] F-2f] A}
B33t o] w Wk A o] 25 e AREEte] 25
Tl dH2=2 54813t 8- 2] bisphenol A 2]
%% HPLC pump(Agilent Technologies M1312

Table 1. Physical and chemical properties of bisphenol A (Min, 2012; Park, 2004)

Parameter Value
CAS No. 80-05-7
Molecular Weight 228.29 g/mol
Formula Ci5Hi502
Boiling Point 220°C (at 4 mmHg), 398 C (at 760 mmHg)
Melting Point 150 - 155T
Flash Point 213C
pKa 9.59,10.2, 11.30
log Kow 3.44-3.55

Water Solubility

100 ££g/100 mL at 25 C(water)




1466 ot -

s

APt

Table 2. Analytical condition of LC/MSD for the analysis of bisphenol A

Parameter Analytical condition
System Agilent Technologies LC/MSD
Column Zorbax Eclipse XDB-C18

Mobile Phase CH3COONH, : CH3;CN =55 : 45

Flow rate 0.6 mL/min

Injection volume 100 uL

Ion source API/ES

Polarity Negative
Fragmentor 80V

Binary pump), AFsA 5597 ](Agilent Technologies
M1313 autosampler), Z-% compartment(Agilent Tech
-nologies M316 thermost column compartment)”} &
ZHEl LC/MSDE #4331t} 418 2+ Zorbax
ODS(4 mm x 120 mm, 5 um)S AF&3}1 o0, F4 %
718 Table 29} 2t

3. A B A
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& %/3-& Table 4] JERHATE. Table 36]14] K=}
o} o] TH/NA 5 FATHE2) C, H, N 9| e 7
o] Wisrt §ISlaL, 3-9] TS AN ARSH
P,052] gl wh} o Z718hs ok 4= UL Tt
Table 4914 P,0s 2 A/ el u}2 39 5718 =
23S A, sl o] Hzhaet S WCP
-AC)NM = FZ K09 CaO7} 2F66% 2 TS 2}
A o1, 7| o] Foll = o] 52 gheFo] 2F35~20%
2 IA 72T WAl P,0s 3 /N <]
2F49%00 4 65%F-7HA] A 571812, P0s2] &
711000 mg/L ol A= ~L syt mjm|sleic
o} A B EHC-AC) I WCP-AC2] F-71%-¢] 3}8t
2 Z7g el AA 27} A 0H, 53] WCP-ACHA

Table 3. The contents of C, H, N and ash of surface modified activated carbon samples with P,Os

Sample Contents (%)
C H N Ash
WCP-AC 69.76 0.65 0.18 6.66
WCP-AC-P500 - - - 7.51
WCP-AC-P1000 70.92 0.61 0.17 8.43
WCP-AC-P1500 - - - 8.70
C-AC 66.17 0.73 0.19 3.49
C-AC-P500 - - - 4.54
C-AC-P1000 65.94 0.69 0.11 5.99
C-AC-P1500 - - - 6.24
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Table 4. Chemical composition(%) of ash of surface modified activated carbon samples
Sample P,0Os KO CaO SiO;  ALO; SO; Fe;0; MgO Cl TiO; MnO CuO NiO
WCP-AC 3.86 3999 26.11 5.04 6.42 1.16 2.80 236 1.78  1.66 1.15 048 049
WCP-AC-P500 4626 27.18 8.04 224 2.63 1.56 2.92 316 178 153 1.08 052 053
WCP-AC-P1000  62.37 1520 7.92 1.37 2.53 1.94 2.92 208 1.78 1.28 1.65 048 032
WCP-AC-P1500  65.11 1448 6.08 1.39 2.57 1.02 2.84 259 178 130 1.67 0.65 0.16
Sample P,0Os KO CaO SiO;  ALO; SO; Fe;0; MgO (I TiO; MnO CuO NiO
C-AC - 3.88 64.86 14.61 13.38 3.27 - - - - - -
C-AC-P500 53.58 233 1933 14.10 7.60 3.06 - - - - - -
C-AC-P1000 64.93 262 8.6l 1092 1034  2.58 - - - - - -
C-AC-P1500 67.74 1.72 998 9.58 8.59 2.40 - - - - - -

FR-S A3l 9= K0S 315 MgO, Cl, TiO,,
[e) Xe]

AR AHe] C-ACOIAE SiOrH+ALOS] FHgo] oF
80%= -2 248k o, /A Foll= o5
gheo] oF34 ~20%= AA| 7HAE HHHol| P05 $He-
54~68%% A S7 s3Itk 1ev WCP-ACOl| A 2
vz} 2 P,0s 5571 1,000 mg/L o] ol A= 1 W
Al ol=g
3.1.2. A RHEA
ZAer i T
FEA| A F 2.8k Aol T WCP-AC 2 C-ACS} o]
55 P,0s= %W 7Fg WCP-AC-P10007} C-AC
-P10002] ¥ FE| S SEM O 2 43 AL S Fig. 2
o] JEPI1 2, BET 578 2 7= Table 501l YFERHRL
t}. Fig. 2014 ®Ei= vle} o] WCP-AC-P1000 3
C-AC-P1000-> EH/IA 71e] SAJete] H|gl(WCP
-AC, C-AC) =W = P,0s7} 2= WA 32 -g=0]
E| 23RS < AT o2 3 APR=Table 5ol UERH
1304, F Al 2 Hit Ale=712) Al o
3] & 4= AATE Table 5914 KB T 714 9
13EHA, Z AlEFe B it AEa7]E
P-ACS] 7% Z}7} 1559 m’/g, 0.6476 cm’/g,
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(a) WCP-AC(x1000) (b) C-AC(x1000)

(¢) WCP-AC-P1000(x1000) (d) C-AC-P1000(x1000)
Fig. 2. SEM photographs of (a) WCP-AC, (b) C-AC, (c) WCP-AC-P1000, and (d) C-AC-P1000.

Table 5. Comparison of specific surface area, total pore volume and average pore diameter of activated carbons and surface
modified activated carbons with different P,Os concentrations

Sample Sp eCiﬁzr;g;;;ce area Total (I::;? /‘g/;) lume Average pore diameter (A)
WCP-AC 1559 0.6476 9.749
WCP-AC-P500 1410 0.5562 9.350
WCP-AC-P1000 1288 0.5268 9.236
WCP-AC-P1500 1277 0.5174 9.142
C-AC 894 0.5710 14.21
C-AC-P500 761 0.4655 13.87
C-AC-P1000 668 0.3725 10.41
C-AC-P1500 653 0.3617 8.77

3.2. Zget 2 s EAJeke] Bisphenol A &35 A -2 48R0l RS ok ARl o] 521
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Fig. 3. Comparison of iodine adsorptivity of activated carbons
(WCP-AC, C-AC) and surface modified activated
carbons(WCP-AC-P1000, C-AC-P1000) at 25C and

pH 7.

Y F2EHqe)> 712t 510 mg/g, 636 mg/g, 344 mg/g,
538 mg/g 224 WCP-AC-P1000 > C-AC-P1000 >
WCP-AC > C-AC2] =02 714313t} 71 EAdet
7} P,0s5E o]-8-3to] 329 72 gk D eke] bisphenol A
o] E&e-S H| w3 B WCP-AC-P1000-> WCP-AC
of| v]af 1.38, C-AC-P1000-2 C-ACell VI8l 1.64] 3=
= FAEE BYlvh wbA, 715 IS POsE 0]
slo] 7R3 = bisphenol A2 E-2&ko] =17

s7kh= s & 4 ATk
121} Table 5 2 Fig. 3914 B 3w )23k &
B2 7]=0] St vlal vl A, T A7, 3
A&7, 8.2 = FAso| HHashs AdE Kol
= Zdnkeinh 3 72 S Rlo] 7|E S el vl E]
5 TAFTZ], 8=

e

WA, A3, Fabsol
7hs}7] ol 71842 F 25 e o] A Aolela

al’d ol = B8}, bisphenol Aol t et &2 o]
A A5t ©]= Choi et al. (2004, 2005a,
2005b) 2] Aol A A8 L ero] A D ek 1)
FAA T} AFT7]7F AUANP0s 2 AN A S A
g ehe] 73-5-ofl Al &4 ¥HE Thnonylphenol ©] &2
o] == A3} 2 Lee et al.(1997)0] M2 SEAJeHS
ARESE73-9ol| f8l] 7ko] FaFs e o] P Ak A
T Ax}el ARSI Puka o 2 ek o] 3k vlak
= slghE o] 2 Hl7h 52 S eke] basal plane 7}

1469
700
500
500 -
g-mo 1
E
T 300 -
-3
200
100
0 : ‘ .

WCP-AC WCP-AC-P1000 C-AC

Activated Carbon

C-AC-P1000

Fig. 4. Comparison of bisphenol A sorptivity(qe) between
activated carbon and surface modified activated
carbon at 25°C and pH 7 (conc. of bisphenol A : 40
mg/L; amount of activated carbons : 0.05 g).
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o]3= P05 ] PeFOALo] o] A o] Skl W 5]
0] o AR 8- T S7HA17 1 2ol 7191
3= Ao Pk,

e 2

o] =52 20153PA %= AJF ek 71 391 7]
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