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Fig. 1 The schematic drawing of preparation of TAMR
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Table 1 Results of EA for TAMR

Elemental analysis Fraction of functional

Resin (wt% ) group (mmol/g)
C H 0 Cl —OH
TAMR 68.73 5.71 5.18 3.62 1.87

TAMR B Ji (¥ £L A2 7 A 1138 1811 2 55050 5i1) 4 ]
32 Fron. giE 3 Al TAMR B JI5 7E 0 ~ 2
nm {5 B AR Gl L o AR B R R i R 2 n] A,
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Fig. 2 IR spectra of TAMR (a) and CLPS (b)

Table 2 Surface properties of TAMR

Specific
Microporous Microporous — Average pore
surface
Properties area volume diameter

o 2/g) (em’/g) (nm)

(m™/g cm’/g nm
(m*/g)

TAMR 780. 1 482.3 0.72 5.97
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Fig. 3 Pore size distribution of TAMR

Fig. 4 Scanning electron microscopy of TAMR (a) and CLPS (b)
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Fig. 5  Equilibrium adsorption isotherms of phenol (a), p-

nitrophenol (b) and p-chlorophenol (¢) onto TAMR
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Fig. 6 The interaction of TAMR and phenolic compounds
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Table 3 Evaluate constants for the adsorption of phenolic compouds onto TAMR from the Langmuir and Freundlich equation

Langmuir Freundlich
Adsorbate T (K)
R Q.. (mg/g) K (L/mg) R’ n Ky (mg/g)
288 0.999 1.72 1.21 0.983 2.69 0. 890
303 0.992 1. 66 0.739 0.997 2.25 0. 691
Phenol
318 0.997 1.68 0.531 0. 994 1.93 0.573
288" 0.997 1.77 1. 04 0.984 2.48 0. 860
288 0.988 2.41 2.24 0. 996 2.54 1.69
. 303 0.997 2.43 2.01 0.989 2.09 1.56
p-nitrophenol
318 0.985 2.18 1.79 0.999 2.22 1.32
288 " 0.984 2.35 2.38 1. 000 2.76 1.79
288 0. 981 2.63 7.20 0.982 4.31 2.18
303 0.989 2.36 3.30 0.997 2.85 1.71
p-chlorophenol
318 0.995 2.20 1.90 0. 985 2.32 1.35
288 " 0. 981 2. 64 7.41 0.983 4.38 2.20
Table 4 Estimated of the thermodynamic parameters of the system 1.6
tested
Q. AH AS 1.2+
Adsorbate
(mmol/g) (kJ/mol) (J/(mol-K)) /t.:a\l)
e
1.0 -19.4 -70.4 E 0.8}
Phenol 1.2 -15.9 -60.6 E
o
1.5 -11.6 -53.7 Ol
1.0 -20.3 -52.5 04r —o— Phenol
-nitrophenol 1.2 -16.8 ~49.4 —o—p-Nitophenol
pmitropheno —2— p-Chlorophenol
1.5 -14.9 -45.7 0 ) ) ) ) ) )
1.0 -37.4 -118.7 0 2 4 6 8 10 12 14
p-chlorophenol 1.2 -31.0 -104. 4 Solution pH
1.5 -25.7 -100. 6
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Fig. 7 Effect of soluition pH on the adsorption of phenolic

compounds onto TAMR
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Fig. 8 Kinetic adsorption curves of phenolic compounds onto

TAMR
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Table 5  Kinetic adsorption parameters of phenolic compouds onto
TAMR
Lagergren Kannan-Sundaram
Adsorbate . K 0. . K,
Ry (1/min)  (mmol/g) Ry (mg/min'”/
g)
Phenol 0.986 0.0114 0. 87 0. 985 7.59
p-nitrophenol 0.993 0. 0064 1.19 0.993 9.11
p-chlorophenol 0.996  0.0088 1.44 0.983 13.0

2.6 TAMR #8555 4 IR B i B

0.1 mol/L 1y NaOH % & -4 J5 19 TAMR #¥
gt 3 b By i W B 6 .t 6 AT,
TAMR 4 JIg 1 £ W B P BR # 4, 223 5 IR 2R

Ja FEXE 3 b gy IR B AR A AN R AR k) TR TR
Fif e A9 88% LA E. Wi R 3, TAMR 4 5 16 B 2K &
IR B PR AR i B A e 4 R IR

Table 6 The regenerative adsorption capacities of TAMR resin

Regenerative Adsorption capacity ( mmol/g)

times Phenol p-nitrophenol p-chlorophenol
0 0.959 1. 41 1.57
1 0.937 1.38 1.51
2 0.930 1.32 1.45
3 0.925 1.33 1. 42
4 0.933 1.35 1. 44
5 0.914 1.29 1.39
3 it

28 )5 A2 Wk KAk 2 A8 M 52 L Rl 45 T TAMR A
N, HHAT B0 1 b 2 T AR AL T AR A AR R
AL [ ISE AR i 2 T HL AT A = e 0 19 5 k. TAMR
B X6 A M RS i A A 1y X R I 1 B R4
A4 W BfE %5 S . Langmuir A1 Freundlich J7 2 ¥ fE 1R
UF b A AR 3 A A TAMR A g | i) i B 45 T &
T B T Ay B B ok AR

TAMR B Jlig % 3 b 3 1) 182 BAF & 722 00 A2 34 O
TR, 2 B BT R A, 1y 26 A& W fh 1) T M
WP R 3 TAMR 0 B B i R 1. S B 26L& 9
Loy FIR AP AEAFAE RS A R T H 4k TAMR B} g
M Bf .

TAMR B i X 195 26 4k & W 9 8 B 8 )~ 3 #
FFAHE— 3N J1 24 7 B X 2R B A W BT 338 26 e K
UKL N G 72 2 TAMR A i 108 BAF 3 e 193 614 W
AR F B AP B R SR W AR TAMR 4 Jii £L
TN B HIGH AR A .

TAMR B 540 A B af 0 i A= W e 1, & 5
YRR R, X 3 iy ) 1 B BE ) 34 PR FR 72 88%
PLE 7R 28 P2 K 00 % I8 A6 16 38 b AT B 1
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Abstract A new hyper-crosslinked resin TAMR was prepared by post-crosslinking of chloromethyl low
crosslinking macroporous polystyrene and subsequent chemically modifying with tannic acid. The
physicochemical structure of TAMR was elaborately characterized using Fourier transform infrared spectroscopy
(FTIR), elemental analysis ( EA), scanning electron microscopy (SEM) and was further morphologically
characterized using BET and BJH methods. The specific surface area of TAMR was about 780. 1 m’/g and the
micropore specific surface area was about 482.3 m’/g. The content of phenolic hydroxyl group (—OH) in
TAMR was about 1. 87 mmol/g. The adsorption performances and mechanism of TAMR towards phenolic
compounds ( phenol, p-nitrophenol and p-chlorophenol) were studied through the isotherm adsorption and
batch kinetics experiments. The isotherm adsorption results showed that TAMR had good adsorption
capabilities to phenol, p-nitrophenol and p-chlorophenol because of the high specific surface area and relatively
abundant micropore distribution, as well as the phenolic hydroxyl groups on the surface of TAMR. The
adsorption capacities of phenol, p-nitrophenol and p-chlorophenol were 1.43, 2. 07 and 2. 48 mmol/g at 288
K (¢, was 500 mg/L), respectively. The adsorption of phenolic compounds on TAMR was an exothermic
typical physical adsorption process which was in accordance with both Langmuir and Freundlich isotherm
equations. The phenolic compounds adsorbed onto TAMR kept constant under acidic pH conditions and
descended dramatically when the solution pH turned to alkaline, especially when pH was over their pKa
value. The molecular form of phenolic compounds was favorable for the adsorption. Quasi-first kinetic
adsorption equation could describe the adsorption dynamics behavior perfectly, which meant inner diffusion of
the particles was the major controlling step of adsorption process. The perfect regeneration adsorption
performance meant that TAMR could be applied widely for treating of phenolic compounds wastewater.
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