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a b s t r a c t

Weak base anion exchangers are promising for decontamination of aromatic ionizable organic com-
pounds (AIOCs) from industrial wastewaters. However, the effect of alkyl chain length of an amine 
functional group of resins on decontamination process has rarely been clarified to the best of our 
knowledge. In the present study, a commercially available weak base anion exchange resin D301 and 
two newly synthesized ones AEC-2 and AEC-4 with a varying alkyl chain length of amine functional 
groups (derived from dimethylamine, diethylamine and dibutylamine, respectively) were used for 
adsorption of β-naphthalene sulfonic acid (NSA). Adsorption isotherms and influence of solution 
pH, temperature, time and coexisting competitive inorganic salt (Na2SO4) on adsorption behavior 
were investigated and the column adsorption-regeneration tests were carried out. Results showed 
that adsorption selectivity for NSA over sulfate increased with increasing the alkyl chain length in 
the high saline water. But the sorption velocity decreased to a moderate extent with increasing the 
alkyl chain length. Thermodynamic parameters indicate that adsorption is an exothermic and spon-
taneous process, and NSA adsorption onto AEC-4 is an enthalpy-driven process, while that of D301 
as well as AEC-2 is an enthalpy- and entropy-driven simultaneous process. Further, results of column 
tests validate long alkyl chain enhancing the sorption selective for NSA and suggest the sorption 
process can be reversible.
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1. Introduction

Numerous environmentally significant synthetic aro-
matic compounds, also known as aromatic ionizable 
organic compounds (AIOCs), can be ionized at amiable 
pH conditions and thus have a tendency to enter surface 
and ground water, posing potential human health and eco-
logical risks [1–3]. As a group of the widespread AIOCs, 
aromatic sulfonic acids (ASAs) and their salt forms are com-
monly used as intermediates in the production of pharma-
ceuticals, ion exchange resins, pesticides, wetting agents, 
optical brighteners and synthetic dyes [4–6]. Since ASAs 
are highly soluble in water, they often present in indus-
trial wastewaters at high levels, and cause a great threat to 

the environment once discharged into the receiving water 
system [4]. Due to their sulfonated nature, ASAs are resis-
tant to microbial breakdown and have been described as 
poorly biodegradable or even non-biodegradable [7–9]. 
In recent years, a number of different procedures, such as 
complex extraction, advanced oxidation, adsorption, etc., 
have already been proposed for remediation of ASAs [10–
16]. Among them, adsorption is one of the most effective 
physical processes for removal of organic pollutants from 
contaminated waters. Because of their high solubility, 
ASAs are not able to be effectively removed by activated 
carbon and conventional polymeric sorbents except for 
polymeric weak base anion exchangers, which show fea-
sible sorption and regeneration properties towards ASAs 
[17]. However, most industrial wastewaters accompanied 
by the production of ASAs by neutralization after the sul-
fonation process of aromatic substrates, contain not only 
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high-level ASAs but also excessive Na2SO4 or other inor-
ganic salts, which inevitably compete for the active sites, 
resulting in a significant decrease in adsorption capacity 
and efficiency of weak base anion exchangers [18]. For 
instance, the commercial weak base anion exchange resin 
D301 was used for removal of ASAs such as benzenesul-
fonic acid, where results showed that the addition of about 
0.5% Na2SO4 in mass could greatly weaken the selectiv-
ity of D301, and the adsorption capacity of D301 towards 
benzenesulfonic acid decreased by more than 60% [17]. To 
overcome this drawback of the conventional exchanger, 
some researchers initiated the work on the effect of the 
matrix structure of a resin on the sorption selectivity and 
prepared the hyper-crosslinked polymeric resin with 
weak base exchange group for selective removal of ASAs 
from wastewaters along with high level of inorganic salts 
[19,20]. Although hyper-crosslinked polymeric resin had 
large specific surface area and rich microporous charac-
teristics, the adsorption capacity of such resin was still 
limited due to its low anion exchange capacity. Moreover, 
the high price of about six times of the common anion 
exchanger caused the hyper-crosslinked resin with less 
attractive for field application [19]. In fact, besides frame-
work structure, functional group of an adsorbent plays a 
key role on its properties [21]. Unfortunately, up to date, 
scarce work related to weak base anion exchange group of 
a resin enhancing selective adsorption of ASAs from saline 
wastewaters has been reported. 

Therefore, main objective of the current work is to 
evaluate the sorption behavior of ASAs on different weak 
base anion exchange resins through batch and column 
approaches, and especially explore the relationship between 
resin selectivity and alkyl chain length of the amine group 
on resins. β-Naphthalene sulfonic acid (NSA) is selected as 
a representative of ASAs due to its environmental signifi-
cance and widespread occurrence in wastewaters. 

2. Experimental

2.1. Materials

Macroporous chloromethylated polystyrene-divinyl-
benzene (Cl-PS-DVB) beads holding 6% of crosslinking 
degree and 18% of chloride content, as well as commer-
cial weak base anion exchanger D301 were obtained from 
Zhengguang Co., Ltd (Zhejiang, China). β-Naphthalene 
sulfonic acid (NSA) was purchased from the Aladdin 
Industrial Corporation (Shanghai, China). Diethylamine 
and dibutylamine as well as other reagents such as Na2SO4, 
HCl, H2SO4, NaOH, ethanol and benzene were purchased 
from Nanjing Reagent Co., Ltd (Jiangsu, China). All the 
chemicals were of analytical grade and used without fur-
ther purification.

2.2. Resin preparation and characterization

In a 250-mL three-necked flask equipped with a 
mechanical stirrer, a thermometer and a reflux condenser, 
30 g of Cl-PS-DVB beads were swollen in 60 g of benzene 
at 303 K for 12 h, and then the swollen polymer particles 
were filtered out of the suspension. A solution comprised 

of 25 g of diethylamine and 40 g of ethanol was then grad-
ually added, and the mixture was stirred at 318 K for 10 h. 
Finally, the weak base anion exchanger AEC-2 was obtained 
through the filtration of residual diethylamine. AEC-4 resin 
was synthesized with similar procedure except for the dib-
utylamine dosage adjusted to 40 g. 

Prior to use, each of the resins was loaded into a col-
umn and washed with 4% diluted HCl, deionized water 
followed by 4% diluted NaOH solution. Afterwards, the 
resin beads were washed to neutral pH with deionized 
water. In order to minimize the disturbing effect of quater-
nary ammonium group bound onto the polymeric matrix, 
each resin was subjected to 3 cycles of sorption-desorption 
process of NSA from aqueous solution according to a pre-
vious procedure [19]. The sorption-desorption process was 
described briefly as follows: a synthetic solution containing 
5000 mg/L NSA flew through the column slowly to ensure 
the complete exhaustion of the resin. After sorption, 8% 
NaOH solution was used as eluate reagent at 318 K until 
NSA was undetectable in desorption effluent, and then the 
resin beads were thoroughly washed with deionized water 
to neutral pH. Finally, resin beads were extracted for 5 h 
with ethanol and dried at 318 K under vacuum to constant 
weight. 

Specific surface area and pore structure of the resins were 
determined by BET methods through nitrogen adsorption 
and desorption curves at 77 K using an automatic surface 
area analyzer (Micromeritics ASAP-2020, USA). Infrared 
spectra of Cl-PS-DVB beads and newly synthesized resins 
were taken from a Nicolet 5700 FTIR spectrometer (Mad-
ison, USA) with a pellet of powdered potassium bromide 
and adsorbent. 

2.3. Batch adsorption experiments

Batch adsorption studies were carried out in 250 mL 
glass flasks. Dry resin (0.100 g) was introduced to a 100 mL 
solution containing known initial concentration of NSA. 
The flasks were completely sealed and placed in a thermo-
static oscillator (Guangming Experimental Instrument Co., 
China) at the desired temperature and shaken at 150 rpm 
for 24 h to ensure the adsorption process reaching equilib-
rium. Diluted H2SO4 or NaOH solution was used to adjust 
the solution pH and Na2SO4 was introduced into the flask 
before adsorption when necessary. As for kinetics study, 
0.500 g of adsorbent and 500 mL of NSA solution with an 
initial concentration of 1000 mg/L were introduced into 
a 1000 mL conical flask quickly and shaken at a speed of 
150 rpm at 303 K continuously, and 0.5 mL solution at var-
ious time intervals was sampled from the flasks to deter-
mine sorption kinetics. The concentrations of NSA before 
and after adsorption were detected using a UV1800 spec-
trophotometer (Jinghua Scientific Instruments, China). The 
adsorption amounts of the sorbents at equilibrium (Qe, 
mg/g) were calculated by the following equation: 

0 –( ) /e eQ C C V W=  (1)

where C0 and Ce are the initial and equilibrium NSA concen-
trations respectively (mg/L), W is the mass of resin (g) and 
V is the volume of solution (L). 
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2.4. Column tests 

Column experiments were carried out with a glass col-
umn (18 mm in diameter) equipped with a water bath to 
maintain a constant temperature. A 10 mL portion of resin 
was packed into the column for test. A synthetic solution 
containing 8000 mg/L NSA and 10% Na2SO4 was employed 
as the feeding solution and pumped down-flow through 
the column at 303 K. After adsorption, the exhausted resin 
bed was subjected to regeneration by 2 bed volumes (BV) 
8% NaOH solution followed by 3 BV deionized water at 318 
K. The hydrodynamic conditions, i.e., a superficial liquid 
velocity (SLV) of 0.12 m/h and an empty bed contact time 
(EBCT) of 20 min were identical for the column adsorption 
runs. As for the regeneration test, they were determined as 
0.04 m/h and 60 min, respectively. 

3. Results and discussion

3.1. Characterization of resins

The FTIR spectra results for sorbent characterization are 
presented in Fig. 1. As compared with Cl-PS-DVB, the new 
peaks at 1089 cm–1 of AEC-2 and AEC-4 demonstrated that 
C-N existed in the synthesized resins [16], which showed 
that the amination process was accomplished.

The general properties of the tested resins are listed in 
Table 1. Note that BET surface area of each resin was in 
the same level, but the exchange capacity decreased with 
increasing alkyl chain length of the amine group on the 
resins. 

3.2. Effect of pH on adsorption

pH is an important controlling parameter in most of the 
adsorption processes. The pH-dependent trend of the sorp-
tion capacity at initial NSA concentration of 1000 mg/L is 
shown in Fig. 2. More favorable adsorption of all the tested 

resins was observed at acidic medium and the optimum pH 
value was about 2.6. At acidic pH, the amine groups on the 
resins could be protonated and subsequently interact with 
the negatively charged NSA anions through an electrostatic 
attraction mechanism. Higher solution pH was unfavorable 
for protonation of amine group and resulted in a lower sorp-
tion capacity. The similar phenomenon also observed and 
well explained by X-ray photoelectron spectroscopy anal-
ysis in studying some nitrogen-containing materials such 
as aminated hyper-crosslinked resin and chitosan-coated 
polymer for adsorption of aromatic sulfonates and humic 
acid [17,22]. As the solution pH was lower than the opti-
mal value, decrease in sorption capacity might be due to the 

Table 1  
Characteristics of resins

Property D301 AEC-2 AEC-4

Matrix 
structure

PS-DVB PS-DVB PS-DVB 

Cross-link 
density (%)

6 6 6

Functional 
group

–N(CH3)2 –N(C2H5)2 –N(C4H9)2

BET surface 
area (m2/g)

26.9 23.4 29.7

Average 
pore 
diameter 
(nm)

42.6 24.5 37.3

Total anion 
exchange 
capacity 
(mmol/g)

3.85 3.25 2.89

Quaternary 
ammonium 
group 
(mmol/g)

0.31 0.18 0.22

Fig. 1. FTIR spectra of AEC-2, AEC-4 and Cl-PS -DVB beads.

Fig. 2. Effect of solution pH on the adsorption of NSA onto 
resins.
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addition of sulfate anions for pH adjustment. In fact, sulfate 
anions could also be sorbed on the resins by electrostatic 
interaction with the protonated amine groups and lead to 
the competitive sorption with NSA anions [19]. Addition-
ally, the pKa value of NSA was about 2.7, therefore the pro-
portion of neutral NSA molecular state was increased in 
a strongly acidic solution, which was unfavorable for the 
sorption through an electrostatic attraction mechanism [23]. 

3.3. Equilibrium adsorption and selectivity

Generally, some inorganic ions often dissolved in indus-
trial wastewaters are environmentally friendly. But, they as 
competing ions could strongly interfere with adsorption 
process of AIOCs, which would result in inefficiency. There-
fore, absorption ability and selectivity of a resin required 
proper evaluation for the practical application. Fig. 3 illus-
trates the adsorption isotherms of NSA on resins from 
aqueous solution with or without addition of Na2SO4. To 
characterize the adsorption equilibrium of NSA by the res-
ins, the data were analyzed using Langmuir (Eq. (2)) and 
Freundlich (Eq. (3)) equilibrium models. 

( )
1e e

e m L m

C C
Q Q K Q

= +  (2)

1   e F elnQ lnK lnC
n

 
  

= +  (3)

where, Qe is the equilibrium adsorption capacity of the 
adsorbent (mg/g); Ce is the equilibrium concentration of 
NSA (mg/L); and KF, n, Qm and KL are the characteristic 
constants. With obtained data of Qe and Ce, all the isotherm 
parameters could be determined by plotting Ce /Qe against 
Ce as well as ln Qe versus ln Ce based on Eqs. (2) and (3), 
respectively. The correlative relevant parameters and cor-
relation coefficients (R2) of Langmuir and Freundlich iso-
therm equations are listed in Table 2.

It is clear from the Table 2, that Langmuir equations 
were more reliable than Freundlich equations because all 
the correlation factors (R2) of the former were larger than 
those of the latter. As expected, NSA adsorption onto all 
the resins obviously decreased with Na2SO4 addition due 
to competitive adsorption between sulfate and NSA anion. 
A significant observation from sorption isotherms was the 
different behaviors of the three resins dependent on the 
coexisting Na2SO4 concentration levels. In the absence of 
Na2SO4, the adsorption capacity towards NSA decreased 
in the following order: D301 > AEC-2 > AEC-4, which was 
consistent with the content of functional groups on resins. 
Contrarily, in binary system at 1% Na2SO4, the sorption 
amount order was AEC-2 > AEC-4 > D301, while when 
Na2SO4 concentration increased to 5%, that changed into 
AEC-4 > AEC-2 > D301.

Generally, two sorption mechanisms namely π-π dis-
persion interaction between aromatic ring of the solute mol-
ecule and the PS-DVB matrix of the resin and electrostatic 
interaction resulting from charged functional groups govern 
the adsorption of AIOCs on polymeric anion exchangers 
[24,25]. Taken into account their same PS-DVB matrix and 
similar surface area, different adsorption performance of 

D301, AEC-2 and AEC-4 could be attributed to the chemi-
cal structure of the sorbents. It was reported that both basic 
strength and hydrophobicity of the amination reagent for 
synthesis of ion exchangers could affect the sorption selec-
tivity towards organic anion [26,27]. The values of logarith-
mic relations between the octanol/water partition coefficient 
KOW, which is a parameter for hydrophobicity and pKb as an 
indicator for basic strength of three amine reagents used for 
functional reaction of the resins are listed in Table 3. 

Fig. 3. Sorption isotherms of NSA on resins at 303 K and Na2SO4 
in solution controlled at (a) 0%, (b) 1%, and (c) 5%, respectively.



Y. Sun et al. / Desalination and Water Treatment 66 (2017) 358–366362

Data from Table 3 reveal that dimethylamine had the 
lowest hydrophobicity and basic strength among three 
functional reagents. As a result, D301 showed the lowest 
adsorption capacity of NSA in the presence of Na2SO4, 
even though its exchange capacity was much higher than 
that of AEC-2 as well as AEC-4. Dibutylamine was more 
hydrophobic and alkaline than diethylamine, its derived 
resin AEC-4 should possess a higher adsorption selectiv-
ity for NSA. However, the limited exchange capacity of 
AEC-4 resulted in its lower sorption capacity than AEC-2 
at the moderate Na2SO4 level of 1%, while when the saline 
concentration increased to 5%, more coexisting sulfate 
could lead to stronger competitive adsorption with NSA 
anion, therefore better sorption ability of AEC-4 than 
AEC-2 was observed. Additionally, it had been reported 
that increasing the distance between active exchange sites 
on strongly basic anion exchangers was favorable for 
the selectivity for monovalent inorganic anions such as 
pertechnetate, nitrate and perchlorate over divalent ions 
such as sulfate [28,29]. This might be a more important 
reason for the sorption selectivity trend toward NSA of 
different sorbents. In fact, sulfate behaves as a divalent 
anion, which needed to be adsorbed with two contiguous 
active sites on the resin, thus, when the spacing between 
active sites became large by increasing the alkyl chain 
length of the amine group on resins, sulfate could not be 
adsorbed well. However, monovalent ions such as NSA- 
were still adsorbed in the resin because it needed only 
one active sorption site. This might reduce the affinity of 
the resin to sulfate, if the alkyl chain of amine functional 

group was long then it was harder for such divalent ion as 
sulfate to attach to the resins.

In order to quantify the selectivity of the three resins, 
the distribution ratio Kd (in mL/g) was calculated using the 
following equation [17]:

=
mg of NSA / 1g of dry resin

mg of NSA / 1mL of dry resindK  (4)

The resulting Kd values of the tested resins at differ-
ent initial NSA concentration are listed in Table 4. Results 
reveal that, at the identical amount of Na2SO4 addition, the 
distribution ratio values decreased with the initial NSA 
concentration increasing for all the resins. Both the syn-
thesized resins showed better sorption selectivity towards 
NSA. For example, when initial NSA concentration was 
400 mg/L, the Kd values of AEC-2 and AEC-4 were 227% 
and 97% at Na2SO4 concentration of 1%, while 82% and 
128% at Na2SO4 concentration of 5% higher than those of 
D301, respectively. The results also suggested that AEC-2 
was more suitable for NSA removal from wastewater 
with moderate concentration of sulfate, and AEC-4 could 
be used for treatment of wastewater containing relatively 
high level of sulfate. 

Table 4 
Effect of Na2SO4 concentration on NSA distribution coefficient 
(Kd, mL/g)

Resin Na2SO4 (%) Initial NSA concentration (mg/L)

400 800 1200

D301 1 1076.9 517.0 321.2

5 748.4 466.6 292.8

AEC-2 1 3517.3 1352.4 674.9

5 1364.6 786.8 505.6

AEC-4 1 2116.5 1081.1 571.7

5 1706.2 924.4 540.6

Table 2 
Fitting results with Freundlich and Langmuir isotherm models for NSA

Resin Na2SO4 (%) Freundlich equation Langmiur equation

n KF R2 Qm mg/g) KL (L/g) R2

D301 0 5.734 260.50 0.8798 794.7 42.47 0.9996

1 5.076 76.56 0.9430 358.3 6.15 0.9961

5 3.761 44.45 0.8498 316.1 6.49 0.9963

AEC-2 0 8.224 274.32 0.9562 622.9 40.13 0.9991

1 5.659 153.65 0.8632 521.4 19.40 0.9998

5 3.472 57.68 0.8924 462.7 6.98 0.9967

AEC-4 0 4.060 92.07 0.9592 541.8 8.83 0.9976

1 4.755 109.54 0.8179 484.0 12.62 0.9987

5 3.954 78.03 0.8874 478.2 8.84 0.9989

Table 3 
Characteristics of the functional reagents of the resins

Property Dimethylamine Diethylamine Dibutylamine

log KOW
 a –0.38 0.58 2.83

pKb 
b 3.27 3.16 2.75

aObtained from X.K. Wu, Ed. Table of Environmental Data of  
Organic Compounds, 2009.
bTaken from D.R. Lide, Ed. Handbook of Chemistry and Physics, 
2003.
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3.4. Effect of temperature and thermodynamics

The NSA adsorption isotherms at different tempera-
tures on the three resins are presented in Fig. 4a–c. The 
equilibrium adsorption capacities decreased with increas-
ing temperature, which indicated that the low temperature 
was beneficial to the adsorption.

As the sorption feature followed the Langmuir model, 
the enthalpy change (ΔH) and entropy change (ΔS) herein 
could be calculated based on the following equation [30]:

( ) / /LlnK S R H RT= ∆ + −∆  (5)

where KL is the constant of the well fitting Langmuir equa-
tion, R is the gas constant and T is the absolute temperature. 
ΔH and ΔS were then obtained from the slope and intercept 
of the line plotted by ln KL versus 1/T. Some of the plotted 
lines are shown in Fig. 5. The free energy change (ΔG) could 
be measured with the Gibbs equation [30]:

∆ = −
L

G RT ln K  (6)

As presented in Table 5, exothermic adsorption pro-
cesses were testified by the negative values of all the 
enthalpy changes. The larger absolute values of the changes 
in adsorption enthalpy of AEC-2 and AEC-4 revealed that 
the interaction between NSA and the newly synthesized 
resins was stronger than that between NSA and D301 due 
to the enhanced basic strength and hydrophobicity of the 
functional groups on AEC-2 and AEC-4. The free energy 
changes were always negative, which proved that the 
adsorption processes of NSA on employed resins were all 
spontaneous. An important observation from Table 5 was 
the different entropy change characteristics of the three 
resins. The entropy change during the adsorption of NSA 
on AEC-4 was negative, but it was positive for D301 as 
well as AEC-2. Usually, adsorption is an entropy decreas-
ing process because the activity of adsorbate molecules on 
adsorbents is weaker than those in the aqueous solution. 
The entropy increasing phenomenon observed for D301 
and AEC-2 might be attributed to effect of the water mol-
ecules. In aqueous solution, water molecules were strongly 
attached to the polar functional groups on the resin and 
water clusters were built up on these groups by hydrogen 
bond interaction. The effective adsorption for NSA was 
required for the destruction of water clusters and water 
molecules would turn away from solid surface in the form 
of water clusters to the solution in a more disorderly free 
water state. This process would bring chaos to the system 
and lead to the increase of entropy [31]. In comparison with 
D301 and AEC-2, AEC-4 had a more hydrophobic func-
tional group which interacted with water molecule weakly, 
so its entropy change in the sorption process was still nega-
tive. This phenomenon also suggested that NSA adsorption 
onto AEC-4 was an enthalpy-driven process, while D301 as 
well as AEC-2 was an enthalpy- and entropy-driven simul-
taneous process.

3.5. Adsorption kinetics

Adsorption kinetics is one of the most important char-
acteristics which represent the adsorption efficiency. Fig. 6 

Fig. 4. Effect of temperature on sorption of NSA onto (a) D301, 
(b) AEC-2 and (c) AEC-4.
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shows the adsorption behavior of NSA onto the resins at ini-
tial concentration of 1000 mg/L as a function of adsorption 
time. The pseudo-first-order (Eq. (7)), pseudo-second-order 
(Eq. (8)) and Elovich (Eq. (9)) equations were used to further 
describe the kinetic behaviors of NSA adsorbing onto the 
resins [32]. 

( )− = − 11 /t eln q Q k t  (7)

= + 2
2

1

t e

t t
q Qe k Q  (8)

( ) ( )αβ
β β

   
 = +     

1 1
 

t

q ln ln t  (9)

where, Qe and qt are the adsorption capacity (mg/g) at equi-
librium and at time t, respectively, while k1 (min–1) and k2 
(g/(mg·min)) are the rate constants for the first- and sec-
ond-order equations, respectively. For Elovich equation, 
α is the initial adsorption rate (mg/(g·min)), and β is the 
desorption constant (g/mg). The correlation parameters 
and coefficients (R2) data are presented in Table 6. 

Because of relatively low R2 values and the calculated 
equilibrium sorption capacities (Qe,cal) are inconsistence 
with the experimental sorption capacities (Qe,exp), thus it 
could be concluded from Table 6 that the pseudo-first-order 
model was not well fitted for modelling of kinetic data. The 
R2 values greater than 0.98 for the tested sorption system 
suggested that the data fitted well the Elovich equation, and 
the adsorption would be a chemical process [33]. The values 
of Qe,cal were much closer to Qe,exp and the highest values 
of R2, suggested that the pseudo-second-order model could 
explain best the adsorption processes onto all the resins, 
and the sorption processes could be controlled by chemi-
cal adsorption or chemisorption involving valence forces 
through sharing or exchange of electrons between the two 
phases involved [34]. Similarly, previous studies showed 
that the pseudo-second-order kinetic model was often 
applied with success to describe the kinetics of adsorp-
tion process of ionizable organic compounds on anion 
exchangers from aqueous media [35–38]. Concerning to 
the pseudo-second-order rate constant, the value of k2 was 
decreased in the following order: D301 > AEC-2 > AEC-4. In 
other words, increasing the alkyl chain length of the amine 
group could result in a decrease in the sorption rate. Nev-
ertheless, the k2 values of the three resins were of the same 
order of magnitude, suggesting that the tested resins had 
the approximate kinetic properties.

3.6. Column adsorption and regeneration

Fig. 7 illustrates an effluent history of a separate fixed-
bed column packed with each resin for a simulated solution 
containing 8000 mg/L NSA and 10% competing Na2SO4, 
which was based on the analysis results of a waste stream 
from the β-naphthol production process in a chemical plant 
in Inner Mongolia Autonomous Region (China). 

As shown in Fig. 7, NSA could be efficiently removed 
by D301, AEC-2 and AEC-4 within 9, 13 and 15 BV respec-
tively before a significant breakthrough occurred, and NSA 
content in effluent was less than 40 mg/L on average for 
each resin. NSA broke through quickly on the commercial 
exchanger D301 resulting from the strongly competitive 
effect of the coexisting sulfate radical. While AEC-2 and 
AEC-4 exhibited more satisfactory column performance, 
which could be reasonably attributed to their enhanced 
selectivity towards NSA.

To investigate the regenerability of the NSA loaded 
resins, the exhausted resin columns were then regenerated 
first using 2 BV of 8% NaOH solution, followed by rinsing 

Fig. 5. Plots of ln KL vs. 1/T for determination of ΔH and ΔS 
during NSA sorption on resins.

Table 5 
Calculated thermodynamic parameters for adsorption of NSA 
onto resins

Resin ΔH  
(kJ/mol)

ΔS  
(J/mol K)

ΔG  
(kJ/mol)

288 K 303 K 318 K

D301 –5.35 13.25 –9.13 –9.44 –9.52

AEC-2 –6.37 9.41 –9.04 –9.30 –9.31

AEC-4 –11.59 –20.92 –5.45 –5.49 –4.80

Fig. 6. Kinetic curves for the adsorption of NSA on resins at 303 K.
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with 3 BV of deionized water at 313 K and the results are 
depicted in Fig. 8. 

It is clear from the Fig. 8, that increasing the alkyl chain 
length of the amine group was unfavorable for the desorp-
tion performance of the resins. However, NSA loaded onto 
the each resin was effectively eluted with the correspond-
ing desorption efficiency exceeding 93% within total 5 BV 

regenerant wash, which suggests that the sorption of NSA 
on the tested resins could be reversible.

4. Conclusion

A commercially available weak base anion exchange 
resin D301 and two newly synthesized ones namely AEC-2 
and AEC-4, were used for adsorption of β-naphthalene sul-
fonic acid (NSA) as a typical representative of aromatic sul-
fonic acids (ASAs). These resins differed in the alkyl chain 
length of the secondary amine used for the amination of 
resins, viz. dimethylamine, diethylamine and dibutylamine 
for D301, AEC-2 and AEC-4, respectively. D301 was found 
to be the best option for NSA adsorption from aqueous 
solution without any inorganic salt, and AEC-2 had the 
highest sorption ability towards NSA in water with moder-
ate concentration of Na2SO4, while AEC-4 showed the best 
adsorption capacity for NSA in the presence of relatively 
high level of Na2SO4. This trend suggested that increasing 
alkyl chain length of amine functional groups could effec-
tively improve the adsorption selectivity for NSA of the 
resin. For all the tested resins, high desorption rate could be 
achieved by NaOH aqueous solution, which indicated that 
the sorption of NSA was a reversible process.
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