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Table 1 Characteristics of NDA-100, AH-1, AH-2, AH-3 and D301 resins

Property NDA-100 AH-1 AH.2 AH-3 D301
Structure St-DVB* St-DVB St-DVB %-DVB St-DVR
BET surface area (m’/g) 934.0 819.1 726.5 482.8 38.2
Micropore area (mzlg) 561.3 463.3 393.8 261.3 8.1
Average pore diameter (nm) 1.2 1.2 1.3 1.5 4.5
Average particle size {mm) 0.4~0.6 0.4~0.6 0.4~0.6 0.4~0.6 0.4-~0.6
Tertiary amino group (mmol/g) 0 1.51 2.10 2.75 4.90
* Abbreviated form of styrene-divinylbenzene
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Fig. 1 Equilibrium adsorption isotherms at 283 K for
resorcinol on the five types of resins
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Fig. 3 Equilibrium adsorption isotherms a1 313 K for
resorcirol on the five types of resins
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Fig. 2 Equilibrium adsorption isotherms at 298 K for
resorcinol an the five types of resins
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Table 2 The regression equations for Freundlich isotherms

Adsorbent T(K) [sotherm equation K n r Q. mmol/g)
283 lg@, =0.5717lge, — 0.6544 0.2216 1.749 0.9918 0.32%4
D30t 298 1gQ. = 0.6272lgc, - 0.7225 0.1895 1.594 0.9929 0.2926
313 lgQ, = 0.80101ge, - 0.9635 0.1088 1.248 0.9950 0. 1895
283 lgQ, =0.43741ge, - 0.3525 0.4441 2.286 0.9923 0.6014
NDA-100 298 lg), =0.4981lge, — 0.4623 0.3449 2.008 0.9958 0.4871
313 lgQ, =0.55831ge, - 0.6134 0.2436 1.791 0.9945 0.3586
283 lgQ, =0.3926lge, - 0.2264 0.5937 2.547 0.9933 0.7794
AH-1 298 lg, =0.42071ge, — 0.3072 0.4929 2.3717 0.9918 0.6598
313 lg@, =0.4506lgc, -~ 0,4871 0.3258 2.219 0.9947 0.4452
283 1g0. =0.40011ge, — 0.1606 0.6909 2.499 0.9963 0.9117
AH-2 298 lg, =0.4313lge,. - 0.2531 0.5583 2.319 0.9974 0.7529
313 lg@, =0.4957Ige, — 0.4012 0.3970 2.M7 0.9979 0.5598
283 lgQ. = 0.3996lge, ~ 0.177 0.6653 2.503 0.9954 0.8776
AH3 208 1gQ. = 0.4789lge, — 0.2804 0.5243 2.088 0.9958 0.7307
313 lg(, = 0.50001gc, — 0.4138 0.3857 2.000 0.9958 0.5454
*Calculated by isotherm equations when ¢, = 2.0 mmol/L
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Table 3

AS =

[sosteric enthalpy changes, Gibbs free emergy changes and

entropy changes of adsorption

e AH AG(k]/mol) AS{J/mol}
(mmol/g) [ k}/mol) 283K 298K 313K 283K 298K 313K

Adsorbent

0.30 -24.9 -68.9 -66.8-64.5

NDA-100  0.65 -21.7 -54-50-47-57.6-56.0-54.3
0.80 -19.2 -43.8 -47.7-46.3

0.50 -3319 -98.6 -94 0-89 R

AH-1 0.65 -31.8 -6.0-5.9-58-91.2 -86.9-83.1

0.80 -30.1 -85.2-81.2-76
0.50 -31.2 -89.4 -85.6-83.1
AH-2 0.65 -28.1 -59-57-52-784-75.2-713.2
0.80 -25.6 -69.6 -66.8-65.2
0.50 -30.3 -86.2 -84.2-80.2
AH-3 0.65 -270 -59-52-5.2-714.6-73.2-69.6

0.80 -24.4 -65.4 -64.4-61.3
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ISR B B b RE AR R TR MK 30 ) RO B AR
IR . B AR R o UL B 4 JRR DS X (R]
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Fig. 4 The graph of adsorption rate of resorcinol on NDA-100 resin
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Fig. 6 The graph of adsorption mate of resorcinol on AH-2 resin
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Fig. 7 The graph of adsorption rate of resorcinol on AH-3 resin

Table 4 The parameters of adsorption kinetics for resorcinol on NDA-100, AH-1, AH-2 and AH-3

n(1-¢./Q)=-k

Adsarbent T(K) E, (kl/mol) k= kpexp{ - E,/RT}
k{min™") r
NDA-100 298 0.0343 0.9924 22.5 £=3.00 x 10%exp( - 2.25 x 10°/RT)
313 0.0530 0.9947
AR 298 0.0303 0.9952 24.2 k=5.32x 107exp( - 2.42 x 10°/RT)
13 0.0484 0.9976
AH-2 298 0.0224 0.9967 32.6 k=1.17x 10%exp( - 3.26 x 10°/RT)
313 0.0421 0.9954
AH-3 298 0.0180 0.9903 34.7 k=2.15x 10%exp( - 3.47 x 10*/RT)
113 0.0352

0.9955
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ADSORPTION OF RESORCINOL FROM AQUEOUS SOLUTIONS ON
HYPERCROSSLINKED POLYMERIC ADSORBENTS WITH TERTIARY AMINO GROUPS

SUN Yue, CHEN Jinlong, LI Aimin, ZHANG Quanxing
( The State Key Laboratory of Pollution Control and Resources Reuse,
Departmens of Environmental Engineering, Nanjing University, Nanjing 210093}

Abstract Three hypercrosslinked polymeric adsorbents AH-1, AH-2 and AH-3 with different contemis of tertiary
amino groups were employed o remove resorcinol from aqueocus solutions through static experiments . A comparision of
the thermodynamic behavior among the three aminated hypercrosslinked resins, the hypercrosslinked resin NDA-100,
and the macroporous weakly anion exchange resin D301 was made. It was found that the aminated hypercrosslinked
resins had the highest adsorption capacities of resorcinol among the three types of polymers.The results indicated that
the effective interactions causing different adsorption capacities of resorcinol on the three aminated hypercrosslinked
polymeric adsorbents were mainly the Van der Waals force and the hydrogen-bonding interaction . The adsorptions of
resorcinol on the hypercrosslinked resins were all spontaneous exothermic processes of physical characters. A first-
order irreversible reaction rate equation was suitable to the adsorption process and the adsorption rate conslanls
decreasing with increasing the content of tertiary amino groups in the resins.

Key words Hypercrosslinked polymeric adsorbent, Resorcinol, Adsorption thermodynamics, Adsorption kinetics



