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Table 1 Physical properties of adsorbates at 298 K

Saturated

Cross-sectional Volume* concentration
Adsocrbate i otume . pK. b
distance*{m) {m*/mol) in water,

¢, (mol/m®)®

Phenol 4.20x 107" 87.8x10"°°¢ 212 9.99
Aniline 5.15%10°" 61,7x10"® 316 4.6°

* Taken from software ChemSketeh of Advanced Chemistry Development
Inc; * Taken from Lange's handbook of chemistry; © Taken as the

conjugate acid of aniline
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1.3 BERBXEEE SE Y B4 47K B W ; B LA NDA101.NDA100 £
WHRIRIZ WAL T M NDAL03 B8 0.050 ¢ # EARLK A NDAL03, 1 LARIRE T i 1 <E V-4

F 100 mL EEBEFHE Y WA 50.0 L WE SR KE TEENEGTEHRME.

# 0.15.0.30.0.50.1.0.1.6.2.0 mmol/L XK L

BT 293 K MO K ERAKGEFEEE 2 AN I

F2an UL, URWEXTHE T, % 1207 2.1 3WBENOERBIE

min. A BE 0.01 mL %, Fi HPLC 4347 -8 i X A % NDA103,NDA101 1 NDA100 A9 B fb 45
o, EBMEMIE LWV HBHE ¢ EITRIT  MWIFEFTH2 ]2 1Y 3 HREHELERE
B . E—EMNER . NDAIO RUREZLR N EEHN

g. = (e - ¢,) V/II00OW (1) REBRTBERMEME RAGLREBMEE

Kb o, M o, SHNMABERMEHREOER R BOMIL NDAIOL 1 NDAI03 g e 3848 967 ) A 8 22
WeBE (mmol/L), V AWM R (mL), W T B RS, 2B, AR RMRMIEMHAR T
feE & (g). ' TN ED . HE L RERMEA AT

ARERRE FERR TSR, RuE T NDAIO.

Table 2 Gharacteristic properties of polymeric adsorbents*

Property NDA103 NDALOL NDA100
Struoture Ame:om finked A'"'““e:d}; ’;’::::r’h“k"d Hypercrosslinked polystyrene
Polarity Weak polar Weak polar Nonpolar
BET surface area (m"ig) 611 BAS 1225
Micropore area {m®/g) 376 561 7404
Micropore volume (ml/g) 0.171 0.257 0.336
Average pore diameter (nm) 3.4 2.4 3
Desorption average pore diameter {nm) 17.6 9.6 16.7
Particle size (mm) 0.4~0.6 0.4 ~0.6 0.4~0.6
Tertiary amino group (mmol/g} 1.57 0.14 0
Color Deep brown Deep brown Deep brown

* Values measured in the present study
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Fig. 1 Equilibrium adsorption isotherms of phenol ( filled symbols) and aniline {open symbols) in single component system at {a) 293K, (b} 313K
(m,0) NDA1O3; (A, &) NDA1OL; (@,0) NDALOO
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Table 3 Langmuir isotherms parameters for adsorption in single

component system

Adsorbent Adsorbate 20rPHion Temperature e - On o
) system (X) ( mmol/g)

NDAL0O3 phenol  Single 293 1.676 1.436 0.996
313 1.154 1.312 0.996
aniline  Single 293 1.002  1.161 0.994
313 0.906 1.066 0.995
NDA1D1  phenol  Single 293 2.400 1.351 0.993
313 1.591 1.236 0.997
aniline  Single 293 2.096 1.586 0.9%94
313 1.451 1.661 0.993
NDA10O  phenol Single 293 2.823  1.501 0.995
: 313 1.723  1.426 0.99%%
aniline Single 293 2.374  1.738 0.993
313 1.874 1.740 0.992
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Table 4 Langmuir isotherms parameters for adsorption in binary

components system

Adsorbent. Adsorbate Adsorption Temperature Qu )
system {K) {mmol/g)
NDA103 phenol  Binary 293 0.693 1.039 0.995
313 0.506 1.046 0.991
aniline  Binary 293 0.945 0.540 0.996
313 0.584 0.594 0.983
phenol +  Binary 293 0.781 1.570 0.995
aniline 313 0.534 1.639 0.988
NDA101  phenol Binary 293 1.255 0.905 0.990
313 0.957 0.887 0.982
aniline  Binary 293 0.965 1.093 0.990
313 0.769 1.093 0.983
phenol +  Binary 293 1.096  1.991 0.9%0
aniline 313 0.854 1.974 0.983
NDAI00 phenol  Binary 293 1.426 1.022 0.988
313 1.088  0.994 0.993
aniline  Binary 293 1.137  1.197 0.987
313 0.965 1.170 0.991
phenol +  Binary 293 1.271  2.213  0.987
aniline 313 1.023  2.162 0.992
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Fig. 2 Equilibrium adsorption isotherms of phenol and aniline
on NDA103 (a}, NDA10L (b) and NDAL0O (c) in binary
components system at 313 K (Sa or Sp-aniline or phenol
absorbed in single component system, Ba or Bp-aniline or
phenol adsotbed in binary compenents system, Bt-both aniline
and phenol adsorbed in binary components system , respectively)
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Table 5 Comparision between the theoretical and experimental surface
coverage of adsorbents at saturation in the binary adserption experiments

EESTEMNBEFESEA, FEHWIERARE Experiment NDA103 NDAIOL CHAI
b PR B B A HE A5 BE R, R B IR B G 3 293K 313K 293K 313K 293K 313K
I (3) B R B AR 3, O B S T E IR Stu'/e) Gl 6l BaS B 125 1205
b e - . @, {nm*/molecule) 0.71 0.774 1.04 1.135 1.36 1.43
SR L AR RS AR R A T B, DY AR O (mmollg)  0.718 0.656 0.675 0.61%8 0.750 0.713
BB A, 0 B B B B R A F RS S AR 0= (mmol/g)  1.036 1.046 0.905 0.827 1.022 0.99%4
o TAFAREREN 4P RERARTER w00 6 e s i
MRS FRERM, S TEAFRARERHE R IMt;:'f'.,.,:(mnrml:fg) 0.581 0.553 0793 0.831 0.869 ©.870
M 43 F 1 3R AR 0 5 31 HOBB AR 4 5 b 48 B 9 JE AR O (mmol/g)  0.540 0.54 1.093 1.083 1.197 1.170
BEE BHESTFHRESEEERAE, TRME e (%) 93 111 138 132 138 135
' ’ . 1.24 1.23 0.85 0.7 0.8 0.82
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COMPETITIVE AND COOPERATIVE EFFECT ON SIMULTANEOUS
ADSORPTION OF PHENOL AND ANILINE FROM AQUEOUS
SOLUTIONS BY HYPERCROSSLINKED POLYMERIC ADSORBENTS

ZHANG Weiming, CHEN Jinlong, ZHANG Quanxing, PAN Bingcai
{ State Key Laboratory of Pollution Control and Resources Reuse, School of the Environment , Nanjing University , Nanjing 210093)

Caly

Abstract Competitive and cooperative simultaneous adsorptions of phenol and aniline from aqueous solutions by
hypercrosslinked polymeric adsorbents (NDA103,NDA101 .NDA100) were investigated. The results indicated that
adsorption isotherms for them in both single and binary systems can be well fitted by the Langmuir equation . At the
lower equilibrium concentrations , the individual adsorbed amounts of phenol or aniline on macroreticular adsorbents
in single systems is higher than those in binary systems because of the competition between phenol and aniline
towards the adsorption sites. It is noteworthy that at higher concentrations, the total uptake amounts of phenol and
aniline in binary systems are obviously larger than the pure uptake amounts in single systems, and a large excess was
noted on the particle surface at saturation, which is presumably due to the cooperative effect primarily arisen from the
hydrogen bonding or weak acid-base interaction between phenol and aniline . Increasing temperature from 293 K to
313 K enhanced the cooperative effect on simultaneous adsorption of aniline and phenol on NDA103; while, the
cooperative coefficients on NDA101 and NDA10O almost kept unchanged.

Key words Hypercrosslinked polymeric adsorbent, Phenol, Aniline, Competitive adsorption, Cooperative

adsorption



