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kerogen at room temperature
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Abstract: A bulk kerogen ( OS) was activated by using ZnCl,( Z) and KOH ( K) followed by the oxidation with H, O,( H) and NaClO ( N)
respectively. The treated samples were characterized by using elemental analysis Fourier transformed infrared spectroscopy ( FTIR) and CO, gas
adsorption techniques to investigate the aqueous adsorption behaviors of phenanthrene and nonylphenol. The CO, gas adsorption results show that specific
surface areas ( SSA) and nanopore volumes ( V,) of the samples were 76.57 ~104.00 m*g™! and 30.68~41.67 pLeg™' respectively and were positively
correlated with contents of organic carbon. The aqueous sorption experiments show that all the samples were typically nonlinear for phenanthrene and
nonylphenol and the nonlinear sorption factor ( n) of phenanthrene ( 0.678~0.797) was greater than the n value of nonylphenol ( 0.530~0.748) and
the sorption affinity of nonylphenol ( Ky 1358 ~3750 pgeg ') was larger than that of phenanthrene ( K’y 435~1297 pgeg™') . Moreover the
sorption affinity of phenanthrene and nonylphenol was negatively correlated with O/C and ( N+0O) /C values. The nanopore filling models showe that
microporous filling mechanism was the main mechanism for the adsorption of phenanthrene. However the higher sorption affinity of nonylphenol than of
phenanthrene suggests other possible specific interaction such as hydrogen bonding. With the combined treatments of KH ON KN the nanoporeilling
volume of nonylphenol is related to nanopore size variation and hydrogen bonding of nonylphenol on —OH ,—COOH ,—NH, functional groups.
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1 ( Inroduction)

( Organic Matter OM)

( Duan et al. 2016; Vandenbroucke

et al. 2007)

( Durand 1980) .

( Hydrophobic Organic Contaminants
HOCs) ( Ran et al. 2004; Song et al.
2002) .

S

( Liu et al. 2015) . ZnCl, KOH
( Blasi et al. 2015; Lillo-Rédenas et al.
2003)
; H,0,.KMnO, NaClO ( Lutfalla
et al. 2013; Mikutta et al. 2011; Siregar et al. 2005;
Song et al. 2014)
N ( Lehmann et al. 2011; Liu
et al. 2015) N

~

HOCs

( Chefetz et al. 2017; Ran et al. 2013; Wang et al.
2014; Zhu et al. 2005) .

( 2015)
ZnCl, KOH

H,0, NaClO

2 ( Materials and methods)

2.1
ZnCl,

( 2015)
0S 60 ;
0S
20% ZnCl, ( Kula et al. 2008) ZnCl,
1 ( Ahmadpour et al. 1997; Mohanty

et al. 2005; Oliveira et al. 2009; Yang et al. 2009;

2010) 12 h( He et al. 2013)
105 C ; 0.1
mol+L™" HCI
KOH : 0Ss
KOH KOH 0OS
1 ( Ahmadpour et al. 1997; Diaz-Teran
et al. 2003; Lillo-Rédenas et al. 2008;
2015) 60 C 2 h( Lozano-Castellé et al.
2007) 105 C ;
5 mol<L™" HCI
H,0, ( Zhang et al. 2011): 0.5 g 0S
ZnCl,.KOH 50 mL
20 mL 10 mL
30% H,0, 24 h
5
OH.ZH.KH.
NaClO ( Siregar et al. 2005) : 05¢
0S  ZnCl,.KOH 50 mL
10 mL 6%  NaClO
HCl pH 8 6 h
(125 remin™" 25 C) 3
3 1 mol+L™
NaCl 40
pSecem™
ON.ZN.KN.
2.2
2.2.1 Elementar Vario EL
I ( Hanau ) Heraeus CHN-O-RAPID
( Hanau ) C.H.N 0.
2.2.2 0.1 mg
80 mg KBr
Bruker VERTEX-70
4 cm™ 4000 ~
400 cm™'.
2.2.3 CO, CO, 273 K
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Micromeritics ASAP 2460 K=Ki(S,)" (2)
1X107~0.03 . K =K,(S.)" (3)

( SSA) (v,) DR ( Dubinin— S, S,
Radushkavich) ( Ran et al. 2013)
( Density Functional Theory (mgeL™").
DFT) Polanyi-Dubinin( PD) Linear
2.3 Partitioning and Polanyi-Dubinin( LPPD)
( >98% Aldrich)
( >949% Aldrich) ( Kujawinski et al. 2002; Ran
logK,, 4.57 1.12 mgeL™". et al. 2004) LPPD
logK,y 4.48 (4) ~(06)
5.43 mge L. 0.01 mol *L™" CaCl,200 lgg. =1gQ, +a’ (e, /1V.)" (4)
mg*L™" NaN,.5 mg*L™' NaHCO,. 0.1~0.5 mg lg (¢.-K,C.) lp =1gQ, +a’ (e, /V.)" (5)
20 mL e.,=RTIn( S, /C)) (6)
(25:1) C. 4.
(em*kg™) Q. (em*kg™) &,
125 remin”’ (cal *mol™) V.
28 d . Inertsil ODS-SP (em®™mol™) a” b p
(150 cmx4.6 mmXx5 pm) (geem™) R S, C,
10 plL 0%  110% T(K) (mge1")
1.0 mL*min™ (ngl") K, Ko ( Kujawinski
250 nm 364 nm. et al. 2002) Koy 2~6
0% /130% IgK o =0.991gK,, ~0.35.
277 nm 300 nm.
Freundlich (K) 3 ( Results and analysis)
3.1
(1) 1
lgg. =1gK"; +nlgC, (1) 61.82% ~67.87% HI/C
q. (pegeg'); Ko 1.04~1.17  0/C (N+0) /C
Freundlich (pgeg'):C, 021~0.26  0.24~0.29. H/C
n  Freundlich Ke K; :0/C
(2) ~(3).
1
Table 1 Physicochemical properties of the activated and oxidized samples
N C H (0] > H/C C/N H/0 0/C (N+0) /C
0S 2.22% 67.61% 6.62% 19.36% 95.81% 1.17 35.53 5.47 0.21 0.24
OH 2.02% 66.76% 6.03% 21.47% 96.28% 1.08 38.56 4.49 0.24 0.27
ZH 2.06% 67.87% 5.93% 20.56% 96.42% 1.05 38.44 4.61 0.23 0.25
KH 1.81% 65.07% 6.27% 22.68% 95.83% 1.16 41.94 4.42 0.26 0.29
ON 1.77% 63.94% 5.63% 19.61% 90.95% 1.06 42.15 4.59 0.23 0.25
ZN 1.64% 62.505 5.41% 19.75% 89.30% 1.04 44.46 4.38 0.24 0.26
KN 1.56% 61.82% 5.90% 21.56% 90.84% 1.14 46.23 4.38 0.26 0.28
Y C.H.N 04
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10
0S ZH 7ZH
C ; 0 1710 em™ 3436
; H/C cm”! 1110
; 0/C (N+0) /C em”! ( Song et al. 2014)
( Wang et al. 2007) Cc—0 .
2920 c¢m™ C—H 2846
. KH KN ZH em™ C—H ( Zhang et al.
ZN KOH 2014) 1620 cm™' C=C
NaClO
H,0, 33
3.2 2 CO,
1 DR
: 0S Co, ( R*>0.9999)
ZH 1710 c¢m™ Co, )
=0 ( SSA) (V). 2
0S OH.ZH 7N
3436 1620
2020,42850 171044 Y1110 7ZH V. SSA
kN — ‘ 41.67 uLeg”  104.0 m™>g™"; KN
M v, SSA " 30.68 pleg 76.57 mg
ZN o * p“ g * m g *
/ NaClO V, SSA H,0,
7H 3 0S
ON ——7" V, SSA (0Q)
o ( p<0.05)
o8 —/ . .
‘ | L | ( 2b) 0~1.1 nm
40!)0 = 32|00 ~ 24|00 ' i1200 = 3(|)0 ' 0.4~0.7nm  0.7~1.1 nm
P fom™ : 0.4~
1 0.7 nm 0.7~1.1 nm
Fig.1 FTIR spectra of the activated and oxidized samples
1.1 nm
[ 2 —=-0S —<«ON - b ~=2-0S8  —<—ON
05 ——OH —»— ZN 0.0010
L —4—7H  —4— KN M
= 0. M 0.0008
2 S 2
E g 0.0006
= £ 0.0004
S &
0.0002
1 0 1

0 0.01 0.02 0.03
PR Sy (P/Po)

2 Co,

FLZE/Mmm

() (b)

Fig.2 Carbon dioxide adsorption fitted by the Dubinin-Radushkevitch equation on the activated and oxidized samples
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2
Table 2 The nanopore volumes and specific surface areas of the activated and oxidized samples
Dubinin-Radushkevitch CSA®/ /(puleg™)
Vo /(pleg™) SSA/(m>g™") (m™>g™) 0~1.1 nm 0~0.7 nm 0.7~1.1 nm
08 35.31 88.10 41.62 12.42( 35.1%") 9.50( 76.5%") 2.92
OH 40.92 102.1 40.27 11.99( 29.3%) 9.11( 76.0%) 2.88
7ZH 41.67 104.0 44.54 13.36( 32.1%) 10.00( 74.9%) 3.36
KH 33.07 82.51 29.24 8.70( 26.3%) 6.62(76.1%) 2.08
ON 32.50 81.28 35.63 10.80( 33.2%) 7.90( 73.1%) 2.90
ZN 36.39 90.74 36.45 10.86( 29.9%) 8.30( 76.4%) 2.56
KN 30.68 76.57 25.05 7.50 (24.4%) 5.50 (73.3%) 2.00
a. ‘b, 0~1.1 nm v, ‘e 0~0.7 nm 0~1.1 nm
3.4 ( Zhang et al. 2015)
3 .
Freundlich Freundlich Ko 4 IgK”
3 . 3 0/C (N+0) /C . 0S
IgK”, 0/C
Freundlich (p=0.08) (N+0O) /C
n  0.678~0.797 ( p<0.05);
n  (0.530~0.748) lgK”, o/C (p<0.05)
( Zhang et al. 2015) ( NHC) (N+0) /C (p=0.08).
K,
435~1297 pgeg” K ( Zhang et al.
1358 ~3750 pgeg™’ 2015) .
3 Freundlich Freundlich K

oc

Table 3  Freundlich isotherm parameters and modified Freundlich isotherm parameters for phenanthrene ( Phen) and nonylphenol ( NP) on the activated

and oxidized samples

Ky n N R? Kroc Kv  Khoc Koo/ (ml.og™)

€,=0.0055,  C€,=0.055,  C,=0.5S,
0S 281 0.728 18 0.995 415 929 1375 259812 138918 74278
OH 290 0.699 20 0.992 434 914 1369 258210 129054 64502
ZH 228 0.768 18 0.993 336 806 1187 225112 131795 77161
KH 122 0.797 20 0.995 188 453 696 132348 83007 52061
ON 399 0.716 16 0.991 624 1297 2028 382885 199282 103721
ZN 331 0.678 20 0.994 529 1009 1614 303914 144727 68921
KN 239 0.705 16 0.972 386 761 1231 232161 117704 59675
0S 1530 0.530 18 0.987 2263 3750 5546 479237 162312 54973
OH 665 0.631 18 0.991 997 1937 2901 295188 126328 54063
ZH 575 0.642 17 0.984 847 1703 2510 259652 113787 49864
KH 409 0.742 19 0.991 628 1434 2203 267674 147607 81397
ON 881 0.620 16 0.992 1378 2516 3935 393209 163992 68395
ZN 737 0.598 16 0.994 1179 2027 3242 312676 123907 49101
KN 383 0.748 18 0.995 620 1358 2197 269700 151001 84544

Ky (pegegpug L") ;N s Kroc (pegog ' pg L") Ky Freundlich

(ng's); Koc Freundlich (neg™).
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LPPD

PD

Table 4 The Polanyi-Dubinin( PD) model and LPPD model fitting curves for the adsorption of Phen and NP

LPPD

PD

N

RZ

Q,/
(pleg

1g0,
1.88
2.08
1.66
1.55
2.40
2.28
1.55
2.09
1.98
1.99
2.24
2.20
1.92
222

K,/

(Leg™)

0./
(pleg™)

20
20
20
20
14
20
14
20
20
19
19
16
18
17

0.988

1.04
0.85
1.35
1.21
0.86
0.73
0.88
0.95
1.28

-0.07
-0.14
-0.02
-0.04
-0.14
-0.21
-0.09
-0.09
-0.05
-0.07
-0.08

-0.11

76.30
121.50

10.10

20
20
20
20
14
20
14
20
20
19
19
16
18
17

0.992

0.97
0.80
1.25
1.11
0.84
0.67
0.69
0.84
1.16
1.06
1.11
0.91
1.06

1.11

-0.09
-0.18
-0.03
-0.06
-0.16
-0.30
-0.23
-0.14
-0.07
-0.10
-0.09
-0.13
-0.09
-0.09

123.00

2.09
233

w2

0.995

9.97
10.14

0.997

214.00

OH
ZH
KH
ON
ZN

0.994
0.996
0.998

46.10

0.996

70.05

1.85
1.83
251
2.51
2.15
2.26
2.13
2.16
2.34
233
2.11
2.32

35.65
251.10

9.72
9.55
9.34
9.23
8.23
8.12
8.26
7.92
7.78
7.60
7.52

0.998

67.22
323.70

0.998

0.998

191.40

0.998

322.90

0.974
0.994

0.997

35.25
122.40

0.986

142.10

KN

0.996

183.90

0S

94.90

0.998

135.10

OH
ZH
KH
ON

0.993

1.15
1.16
0.96
1.20

1.15

98.50
173.40

0.996

143.70

0.994

0.996

216.80

0.994
0.997

159.40

0.950
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-0.05
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Fig.6 The adsorption isotherms of Phen and NP by PD and LPPD models
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