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Adsorption of Perfluorooctanesulfonate ( PFOS) onto Modified Activated Carbons

TONG Xi-zhen'* | SHI Bao-you” ,XIE Yue', WANG Dong-sheng’
(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2.

State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085 , China)

Abstract: Modified coal and coconut shell based powdered activated carbons (PACs) were prepared by FeCl, and medium power
microwave treatment, respectively. Batch experiments were carried out to evaluate the characteristics of adsorption equilibrium and
kinetics of perfluorooctanesulfonate (PFOS) onto original and modified PACs. Based on pore structure and surface functional groups
characterization, the adsorption behaviors of modified and original PACs were compared. The competitive adsorption of humic acid
(HA) and PFOS on original and modified coconut shell PACs were also investigated. Results showed that both Fe’* and medium power
microwave treatments changed the pore structure and surface functional groups of coal and coconut shell PACs, but the changing effects
were different. The adsorption of PFOS on two modified coconut shell-based PACs was significantly improved. While the adsorption of
modified coal-based activated carbons declined. The adsorption kinetics of PFOS onto original and modified coconut shell-based
activated carbons were the same, and the time of reaching adsorption equilibrium was about 6 hours. In the presence of HA, the
adsorption of PFOS by modified PAC was reduced but still higher than that of the original.
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Table 1 Physical and chemical properties of perfluorooctanesulfonate
o1 LT CEES X3 Jo Wr/C IgK,,
FF FF FF FF
CgF ;K058 A 538.22 154 ~ 155 4.13
o NN F

OFF FF F FF

1.2 iRk

Jri— W1 g WA 0.1 mol-L™" FeCl, ¥
W 100 mL {230 4 h( Mt kS % k[ 6]) , 2 )G
FH 28 7K i 2 5 W B 6801 2R B IR PR R TCA
120°CHEF ,2 h JFHCH B T T H.

Tk oK ACE T 700 WO S O b
1, T 400 W AL FE 1 min (M A S % SR,
87, il FlCHwcIie AC P Vi 1k e 2 .

1.3 X PROS fm P 5256

KRS8 07 b AT, ARSI 20 mL
4li7K 52 10 mL 0. 03 mol-L~" NaCl (35 5 HL i i) I8
F 50 mL RIEEESR T, INA—E &1 PFOS fif &
W, AN R W) HE VR B 1) PROS VAR, B — 5 B IR %
KPR RN TR ALK H R 30 min 24T, PO — 2
VR PTG P 2 R (/R T 1o 3 Y P B80T 6 3 P e
/b PR SRR o I T % R o 7] i a5 22 A K il
KB S 7k ) B UG PR eI T KA
HHEA I RS 56 , PAC B34 R 5 mg - L1 (TG AR
WHFL B 15 pL, HXT PFOS ¥k B2 1 5% i ] L) 22
W) . B Ja PR R OB B, B T E RS A
PR3 12 (TS 56 3 W I Aot (i) 2 DA PR W o 3k 3] 5
i) 5508 200 remin ~'HREER 25°C 12 h fEHUEER
i, SE R 0. 45 wm 7K 28 38 B2 8 Bt KORE o ) 35 1

B BB A R R 52 22 T 25 S e, VR BT B
FEASCI 5 38 f /K BEH ) PROS 75 1, (34 A Waters
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Freundlich W B TR 2 FH 1 34 0% B~ i 71
Bp R Freundlich W ALY .
q. = Kee” (1)
K, g, N A B i (mgeg ™' ) e, R T Al VR
(mg-L™"); K, 4 Freundlich Z& %%, 2 fiF 0% Jf} 5771 8%
HHMK/N. n 4 FreundLich 5%k, FAE ff 125 2k P
W RFFRRIE 1 <n <10 WA P B R, A AL i i
W o 700 410 A 22 R AT A 8 A 57 B 2 A3 .
Langmuir W fFAEIREZE Ry o) —Fh BEAS (A LAt I
MR TE S, Langmuir W HAERZETE 0N .
q. = Q.Kic./(1 +Kc,) (2)
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B AT R W B R T XY — , BT AT 7 A A
B RETELE , 72 IR BRI 2R 2 HR 2R B2 R i
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HERRS BURB 47K B NaCl 3T 50 mL RN
FESH P, BOR 0.8 mg-L~' Y PFOS ¥, ¥ PAC
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% 2 R E R &R DR & Fet
MePEJE ,BET, hfLLLRTHR , S S rhALALA Y
A TR (AL R AR S AL AL A BT Tt
H 2 3 B A BB 5e Ik ( YK-PAC) HfLRARAIK,
e S BET, AL LR B LA | F
FLAR 2 1 O B L L 2 T AR R LA 388 ORI rh AL
BRI . FLA5 P I O AT R R e ™ A 1Y) s
X e (R 8 b 5 | /S 1 3k ol v ik e ol ke A 3 AL
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Table 2 Physical and chemical characteristics of original and modified coal-based PACs

o (MZ-PAC) (MZ-400 W-1 min) ~ (MZ-0.1 mol-L~" FeCl;)
BET H R MALY (m2-g~1) 872.3 789.0 801. 3
AL RMEY (m?-g~1) 595.6 691.5 656.5
LR R (m? g ) 276.8 97.4 144.8
BALE/ (em®-g™h) 0.5132 0.4382 0.4790
MFLFLE/ (em3-g™ ") 0.16717 0.3422 0.3313
AL/ (em®-g~") 0.3811 0.096 0 0.1477
L4/ nm 2.3531 2.2220 2.3910
FHRRE AU E B/ mmol - g~ 83 0. 20 0.02 0.38
PA g 3 0.12 — _
M 5 0.06 0.24 0.04
FmmE A B B/ mmol - g ! 0. 900 0.812 0.224
C 85.27 83. 89 83. 64
N 8.13 8.56 8.28
TER T/ % 0 5.41 5.89 5.55
Fe 0.48 0.75 1.46
1) “—"FoR A K T
*3 #HFEE PAC KiERTERM LR
Table 3 Physical and chemical characteristics of original and modified coconut shell-based PACs
PAC lﬁﬁ%%ﬁ( EB‘;‘LZJE)J“( %ﬁl{&'ﬂi‘ﬁ FeCI} ot
nZ (YK-PAC) (YK-400 W-1 min)  (YK-0.1 mol-L~" FeCl;)
BET lLRHEAY/m? -g ! 971.7 1251.0 1073.0
WAL LR R/ /m? g ! 924.5 966. 3 931.9
PR R/ m? g ™! 47.2 284.5 140. 7
BALE/em® g ! 0.4387 0.7677 0.5724
WAL/ em? g~ ! 0.3797 0.4273 0.4022
FELFLA/ em? - g ! 0.0590 0.3404 0.1702
FHFLAE/ nm 1. 806 2.455 2.135
R 0.20 0.24 0.28
FTh M e e /mmol - g ! AR 3 — — —
iy 2 2k 0.30 0.14 0.32
B U E RE ]/ mmol - g 7! 0.18 0.22 0.10
C 67.68 66.78 67. 82
} N 23.24 24.58 21.99
TCR I/ %
0 8.12 7.67 8.87
Fe 0.28 — 0.24
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TEPERT A G
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Aok AP S 30 A B 5 e 5 B S X PFROS
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W 4.

180 -
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Fig. 1 Adsorption isotherms of PFOS onto the original
and modified coal-based PACs
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Fig. 2 Adsorption isotherms of PFOS onto the original and

modified coconut shell-based PACs

%4 PFOS R Kot LR # Langmuir 70 Freundlich ZRE & &R

Table 4 Langmuir and Freundlich adsorption model parameters of PFOS on original and modified PACs

PAC Freundlich #57

Langmuir AL

K n R? Q. b R?
YK (B %) 0.078 6 1.905 1 0.946 6 0.0879 4.1184 0.9339
YK-FeCl, 0.107 4 2.163 1 0.986 3 0. 096 4 9.9836 0.990 0
YK-400 W-1 min 0.1129 2.0243 0.9118 0.1162 5.8012 0.993 7
MZ (S5 0.289 3 1.652 1 0.9528 0.208 5 7.6112 0.9913
MZ-FeCl, 0.205 0 1.6787 0.9816 0.1872 4.9509 0.988 5
MZ-400 W-1 min 0.238 4 1.8245 0. 966 4 1.296 7 1.7187 0.9136

ST e 25 T DI 2B PR IS X PROS 7 W o
WG B, 28 Fe® * BOPE J5 6 PROS 1) i - B I8
TR BT PAC e D R et ARG L
FHFA TR K (B A BET L 22 1 FLUZ F R,
PFOS L SRFRT 73 A (H LR BRHATS A sk F L B
R A W A b T AR A ek 2 S O B
R ER 2 P’ Mok )T , 2L BET i AL sk

PR BBE B (H X PROS 1 1% Ff & B 5 A4
2 X FEJEH T Fe’ Bk G G Tk R R A
B RE I e o SR RE D Sk (R 2).
M 2 B Fe® B i it B 52 s X5 PROS
VR PR o6 B S 8 5, 2 PO VR PROS I A o
PERIFREANZEAN K, il oot I BB 5E e 1 Lo 2R i
PR R, HRR M & U R AT &tk /b | Bl
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Langmuir iﬁjﬁ, X B 455 Freundlich #5780, 3%
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RO S T T AR X6 PROS A W B 349 Sy 10 SR i
Freundlich % %% K F1 Langmuir % %% Q 2 W [} 68
TR/ K FQ,, AE B, W B RE s Bl k. R4
R S5 B B 1 P L R T AR LU BB 5 I e B Ll v
HHAR, N 4 BOIE B 0 o0 it ok B ol 1 e %
PFOS 1YW B 243 D T BB 52 Jst e e Hedle v e, DAL g ]
DAHET | T35 P4 2 3 T A 2 1 T3 114 22 S (OB J5 2 1Y)
PEE BT & B AR AT B = ) X PROS 114 W B 3] 148
K.

3 PFOS 7eipeE Rk K BUiE 7 _EHOIR B 3h =245 14

3.1 PFOS £ PAC | ymefftzh 112
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