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Abstract. Abstract. In this study, natural zeolite (mordenite) was 
modified by using dimetliyldioctadecylammonium bromide (DDAB) with 
polyvinyl alcohol (PVA) to afford surfactant modified granular zeolite 
(SMGZ) as adsorbent for humic acid (HA) removal. Column adsorption 
studies were carried out to examine the optimum conditions for the 
removal of HA by SMGZ. The optimum loading of surfactant was later 
utilized in characterization studies. The SMGZ were characterized by 
XRD. FTIR. BET specific surface area and FESEM. The removal of HA 
was performed in a fixed bed reactor. The effects of different 
experimental parameters such as DDAB loading levels, solution pH and 
HA solution flow rate were evaluated. Samples were collected and 
analyzed using UV. The results indicated that SMGZ showed great 
enhanced adsorption capacity of HA compared to natural granular zeolite 
due to the hydrophobic interaction and hydrogen bonding. The 
equilibrium uptake (geq(exp)) of HA decreased with increasing, flow rate 
and granular size. Total removal percent (Y) of HA SMGZ was found to 
increase with increasing solution pH. influent concentration and bed 
depth.

Keywords Humic acid removal: surfactant modified granular zeolite: 
fixed bed reactor.
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1.0 INTRODUCTION

Humic acid (HA) is one o f the main components of humic substances (HS) 
within what knows natural organic matter (NOM). HA are a heterogeneous class 
of moderate molecular weight, yellow-colored bio-molecules existing commonly 
in all soils, sediments, and natural waters. HA derived from living and dead plants, 
animals and microorganism, their waste products and from degradation of these 
sources [1,2]. The HA are not directly toxic in water but have undesirable effects 
on die appearance, which changes the color of the waters from yellow to brown, 
and taste of water and are very hazard in water treatment processes [3]. Since the 
early 1970s. water quality and treatment issues related to HA have been reported, 
where these substance in natural water facilitating bacteria reproduction during 
drinking water distribution, produces carcinogenic disinfection byproducts (DBP) 
during chlorination process, such as trilialomethanes (THMs), and it has been 
known that the HAs have an effect on the fate of micro-organic pollutants (e.g. 
intake, accumulation, movement, degradation, toxicity, etc.) [4]- Recent discovery 
of HA being one reason for Kaschin-Beck and other diseases brought new notice 
to the removal of HA in the water [5 and 6],

A large number of epidemiological studies since 1974 have repeatedly 
shown the existence many o f DBPs in water supply are usually present at low 
concentration, but may further to potential human health risks due to exposure to 
low levels of DBPs over long periods of time through the different uses of 
chlorinated water and many o f the DBPs have been classified as probable or 
possible carcinogens, and mutagenic [7], Therefore, it is of great importance to 
remove HA from drinking water.

To remove HA during water treatment, a enormous assortment of 
processes have been developed, such as coagulation flocculation. membrane 
separation, advanced oxidation, ion-exchange and adsorption [8—12], Among these 
methods, adsorption has been considered as a successful method because of its 
ease of design, simplicity of process and high effectiveness [13]. Activated carbon 
is a common adsorbent for removing pollutants from water [14]. Though, 
activated carbon is not very effectual in adsorption large molecules such as HA 
from water due to its micropores are inaccessible for HA [15]. Newly, there is a
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great concern in development of novel adsorbents for effectual removal o f HA 
from water [1—14],

Natural zeolites are crystalline microporous aluminosilicates with very 
well distinct structures that consist o f a framework shaped by tetrahedrons of SiC>4 

and AIO4 . and they have permanent negative charge in then crystal structures that 
can be balanced by exchangeable cations such as Ca"+, Mg~+. K+ and Na+. Thus, 
natural zeolites typically can exchange cations but not anions, which making them 
suitable for surface modification using cationic surfactants. Previously, natural 
zeolite was improved by surfactants to increase adsorption and removal of HA 
from water such as hexadecyltrimethylamnionium-bromide (HDTMA). 11- 
cetylpyridinium (CPD). benzyltetradecyl ammonium (BDTDA), 
stearyldimethylbenzylammonium (SDBAC) [16].

There are eight industrial zeolite minerals recognized: clinoptilolite. 
mordenite. phillipsite. chabazite. erionite, ferrierite. lamnontite and analcime. 
[17.18], Mainly those of mordenite in China, has initiated great attention in the use 
of mordenite in water treatment. Mordenite is a high silica zeolite. Its typical unit 
cell formula is Na8[(AlC>2)4o(SiCb)4o].24H20. Mordenite is gradually more being 
utilization as a molecular sieve in die adsorptive separations o f liquid mixtures 
involving acidic components: it also finds wide application as a catalyst for water 
treatment. The mordenite kind having a high silica alumina ratio is favored for use 
at relatively higher temperatures and where acidic components are involved [19], 
Lately it has been established that mordenite is an effectual denote to remove 
pollutant molecules from water [2 0 ].

Recent studies have confirmed the ability o f powdered zeolites as 
successful adsorbents for the removal of HA from water [21-23]. On the other 
hand, the high friction loss related with passing water through powder beds 
prevents applies o f powdered adsorbents in treatment systems. Few researches 
have directly evaluated granular zeolites in fixed-bed reactors [24], hi this work, 
the efficiency of several surfactant modified granular zeolites (SMGZ) by using 
dimethyldioctadecylammonium bromide (DDAB) with polyvinyl alcohol (PVA) 
to the removal of HA from water was evaluated, hi addition, the equilibrium and 
kinetic parameters that describe the adsorption of HA onto SMGZ were 
determined.
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2.0 EXPERIMENTAL

2.1 Materials and Instruments

The mordenite sample (natural zeolite) used in the experiments was 
imported and distributed in Malaysia by Chan Chun Chan Enterprise Company. 
The particle size distribution of powder natural zeolite was adjusted < 425 um 
standard England mesh. The cation exchange capacity (CEC) of natural zeolite 
was determined to be 108.3 meq/lOOg while the external cation exchange capacity 
(ECEC) is 0.456 meq/g. The reagents used for modified zeolite were DDAB as 
cationic surfactant which was supplied by ACROS ORGANICS. USA and PVA 
from Merck. Germany. HA from Molekula was used as biodegradation of NOM. 
A Perkin Elmer UV-vis spectrophotometer (Lambda 25. USA) was used to 
determine HA concentration at : 254nm.

2 J  Preparation of Surfactant Modified Granular Zeolite

Based on Shams and Mirmohammadi method, natural zeolite powder 
mixed with a required weight of surfactant (DDAB) in beaker 500ml and 250 ml 
distilled water. Hie mixture was stirred with a magnetic stirrer till thick slurry was 
prepared and shaker at 175 rpm for 24 h. The samples of surfactant modified 
powder zeolite are separated by simple filtration and washed by distilled water and 
dried at 60°C for 24h. About 1 weight percent of the dried SMZ of low molecular 
weight polyvinyl alcohol (PVA) was dissolved in distilled water and added to the 
previously prepared powder, and the blend was homogenized by spatula to form 
paste. The paste was passed through a home-made extruder whose schematic is 
exposed in Figure 2.1. The spaghetti-like noodles were semi-dried at room 
temperature for 24h (Figure 2.2a). The dried noodles was dien crushed and by 
passing through standard ASTM sieves, the particle size distribution of all samples 
o f surfactant modified granular zeolite (ZMGZ) was adjusted 0.4-30.35 nun 
standard England mesh (Figure 2.2b). hi this work seven samples o f SMGZ were 
prepared consistent with the compositions reported in Table 2.1.
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Table 2.1: Composition of natural zeolite, surfactant and binder in paste samples.
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Sample Natural zeolite 1 %) Surfactant (%  I Binder (PVA) (%)
SI 99 00 1
S2 95 4 1
S3 91 8 1
S4 87 12 1
S5 83 16 1
S6 79 20 1
S7 75 24 1

Figure 2.1: Schematic (a) and picture (b) of the manual homemade extruder.

Figure 2.2: Picture of (a) The spa&hetti-like noodles and (b) SMGZ.



2.4 Humic acid adsorption Studies

The laboratory-scale investigational system consists o f zeolite fixed-bed 
column. HA solution conical flask, peristaltic pump (MASTER FL 77240-10). 
flowmeter, valves and water tank (Figure 2.3).
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Figure 2 J  The schematic flow  sheet o f  fixed-bed

The packed column has a height of 80 cm and internal diameter of 3 cm. 
The particle size of mordenite was 0.4-3.35 mm with a bed height 45cm and filling 
weight of 150 g. Experimentations were implemented to identify the optimum 
loading level o f DDAB for preparing modified granulate zeolite and subsequent 
removal of HA by surfactant modified granular zeolite (SMGZ) in the column 
reactor. The reactor is consists of a fixed-bed column to which HA solution is 
pumped from the HA solution tank to the bottom of the column. At the flits stage 
o f test, a peristaltic pump was used to feed the HA solution (30 mg L) to the bed 
filled with SMGZ with a desired loading of DDAB and PVA (Table 2.2) at flow 
rate o f 18 m l min. At the second step, determine the DDAB loading level and 
different parameters were examined. Samples were collected and analyzed against 
percent loading of DDAB of SMGZ for HA solutions. The concentrations o f HA 
were determined at 254 mil. Amounts of the collected HA were calculated from 
the divided between influent and effluent concentrations and effluent time. The



effects of different experimental parameters such as solution pH. HA solution flow 
rate, influent concentration, granular size and bed depth were evaluated.

25  Mathematical column models

The effectiveness of a fixed-bed column is represented through the concept 
of the breakthrough curve. The time for breakthrough manifestation and the shape 
of the breakthrough curve are significant characteristics for defining the operation 
and the dynamic response of an adsorption column. The breakthrough curve (BC) 
represents the development o f the solution concentration in function of adsorption 
parameters. The loading behavior o f HA to be adsorbed from water in a column is 
defined in term of Ct /CO as a function of time or volume o f the effluent for a 
given bed height, giving a breakthrough curve [26].

The total weight of HA adsorbed by adsorbent in fixed-bed (qtotai- nig) 
can be calculated from the breakthrough curve obtained use integrating the 
adsorbed HA concentration (Cad, mg L '1) versus time plot as equation (2.2) [27
30]:

Q  r*~  tfo ta l

qtotal =  1000 Jt=0 Cad dt (2 1 )

cad = Co -  ct (2.2)

Q Qtotal

-loooJL (c° - c')dt (2'3)

where Q is volumetric flow rate (ml. m m '1). Co is influent HA concentration (mg 
L"1). Ct is effluent HA concentration (mg L"1). t is effluent time (min). t totai is total 
flow time (min). The equilibrium uptake is the weight of HA adsorbed per g of 
adsorbent from experiment (qe. mg g '1) is calculated from the following equation 
[27-30]:
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qe =
Qtotai

X
(2.4)

where X is total dry weight of zeolite in column (g). The total amount o f HA sent 
to column (Mtotal. mg) is given as following [27-30]:

M
C0Q t total

to ta l 1000
(2.5)

The total HA removal efficiency (Y . %) is the relation between the 
maximum capacity of the column to the total amount of HA sent to column as 
equation (2.6) [27-30]:

Y Qtota]

M
X 100

total
(2.6)

3.0 RESULTS AND DISCUSSION

3.1 Characterization

3.1.1 XRD analysis

The investigation of natural zeolite (NZ) and SMGZ were carried out by 
XRD and compared their XRD data with each other. NZ sample may include a 
variety of other minerals such as quartz, montmorillonite and feldspar [31]. The 
XRD diffractograms of the NZ and SMGZ at different loading of DDAB can be 
seen in Figure 3.1. The quantitative analysis according showed that the NZ used 
in this study was mainly composed of mordenite (M) and quartz (Q). Quartz was 
detected as a major component in the NZ with 78.13% while mordenite gave only 
21.86% based on the percentage o f intensity peaks at Iioo for mordenite and Iioo for 
quartz (Figure 3.1). The model unit cell formula of natural zeolite mineral, 
mordenite. is given as Nag [(Al2C>3)4 (SiCb)4o].24H:>0 [19]. This demonstrates a 
silica/alumina ratio of 10:1. The XRD of the different loading capacity of DDAB 
with PVA modified zeolites are very close to that of corresponding parent NZ 
which indicates that the crystalline nature of the zeolites remained intact after 
modified. The relative intensity of mordenite characteristic peaks at 20 of 9.87°. 
13.58°. 19.74°. 22.29°. 25.73°. 26.71°.27.70°. 29.98° and 30.92°. increased due to



the cation exchange reaction which takes place in natural zeolites when they were 
modified by DDAB.
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Figure 3.1: XRD pattern of NZ and SMGZ.

3.1.2 Fourier Transform Infrared Spectroscopy

FTIR spectra o f the NZ. PVA. DDAB and SMGZ (SI. S4 and S7) are 
shown in Figure 3.2. The band observed at 3439 cm' is assigned to hydroxyl 
group o f water. For the structure of zeolite T—  O. asymmetric and symmetric 
stretching of T—  O (T= Si or Al) are observed between 1038-608 cm"1. Band at 
532 cm'1 is assigned for double six rings for Si —  O -—T bonds of zeolite 
framework while band at 469 cm"1 is assigned for bending mode of T— O [32], 
The presence of additional peaks at 2917-2850 cm"1 are caused by C—  H 
stretching o f hydrocarbon originating from the DDAB which is present on the 
SMGZ structure. The frequencies and widths of the CHi stretching modes depend 
strongly on the conformation and the packing density o f methylene chains [32
341. The presences PVA with NZ. as in SI. do not add any new banding which



indicates that the nature o f the zeolites remained intact after granulation. 
Broadening of bands in SMGZs implied that DDAB molecules on the modified 
zeolites have a more disordered structure than the NZ.
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Figure 3.2: FTIR spectrum of NZ. PVA. DDAB and SMGZ (T= Si or Al).

3.1.3 Porosity and BET Specific Surface Area

The porous properties and surface area of the NZ and SMGZ were further 
investigated by the nitrogen adsorption-desorption isotherm and Banett-Joyner- 
Halenda (BJH) methods. Figure 3.3 shows the N? adsorption-desorption isotherm 
with the obvious hysteresis phenomenon and the pore-size distribution (inset) of 
the NZ. SMGZ-S1 and SMGZ-S4. Both NZ and SMGZ showed a type IV 
adsorption isotherm with an obvious hysteresis loop, signifying the presence of



mesopores (2-50 nm in size) in all samples [35- 36], Moreover, it can be seen that 
the hysteresis loop shifts approach P/Po = 1 , indicating the existence of 
macropores (>50 nm). The isotherm for NZ and SMGZ-S1 showed an obvious 
aud light wide hysteresis loop at relative pressures of 0.45. which is distinctive for 
mesoporous zeolite of ink-bottle type pores with pore necks lesser than 4 mn 
(Figure 3.3 a and b) [37], After modification (Figure 3.3 c) the vertical hysteresis 
loop of SMZ-S4 was closed of P!Pq — 0.40 indicates the presence of mesopores 
volumes in SMZ-S4, and suggested the presence of cylindrical type pores [38],

According to the IUPAC recommendations. 65 hysteresis loops are 
classified into four types HI. H2. H3 and H4) [36], From Figure 3-3 (a) and (b) 
the NZ and SMGZ-S1 have H4 while SMGZ-S4 has HI (Figure 3.3 c).

The Type HI loop shows parallel and nearly vertical branches. This kind of 
hysteresis loop was often reported for SMGZ-S4 that consisted of agglomerates 
(assemblages of rigidly joint particles) or compacts of approximately spherical 
particles arranged in a fairly uniform way. More recently, it has become clear that 
HI hysteresis loops are also characteristic of materials with cylindrical pore 
geometry and a high degree of pore size uniformity. Therefore, the presence o f the 
HI hysteresis loop on the adsoiption isotherm for a porous solid usually indicates 
its relatively high pore size uniformity aud facile pore connectivity (Table 3.1).

Type H4 loops feature parallel and almost horizontal branches and their 
occurrence has been attributed to adsorption-desorption in narrow slit like pores. 
However, current experimental data for well defined systems question this 
interpretation. Moreover, the Type H4 loop was reported for NZ and SMGZ-S1 
that exhibited particles with internal voids o f irregular shape and broad size 
distribution (between 5 and 30 mn). Hollow spheres with walls composed of 
ordered mesoporous silica also showed hysteresis behavior of the H4 type. This 
would suggest that H4 hysteresis loops may merely arise due to the presence of 
large mesopores embedded in a matrix with pores of much smaller size (Table 
3.1). ' '

Otherwise, as shown in Table 3.1 the BET surface area of NZ has not 
changed much after addition PVA (SMGZ-S1). Also die total pore volumes of NZ 
and SMGZ-S1 were found to be closed to each other. While the surface areas and 
pore volume of SMGZ-S2 has large changed when compared with other samples.
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It was evident that the surface areas of NZ and SMGZ-S1 have decreased 
significantly and also pore volumes while pore size have increased after the 
modification with the cationic surfactant DDAB [36], This is due to the presences 
o f DDAB molecules ou the zeolite surface, which hampered some o f the main 
pore channels of natural zeolite, thus obstructing the diffusion of N? throughout 
these channels [39], These results agree with those from results o f FTIR which 
indicates the presence of PVA does not affect on structure of NZ.
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Table 3.1: The porosity and specific surface areas o f NZ. 
SMGZ-S1 and SMGZ-S4.

Sample BET <mz/g> Pore volume (cm'Vg) Pore size (A)
NZ 23.9923 0.039179 65.3193
SI 26.9681 0.046057 68.3128
S4 6.6873 0.025749 154.0167

Relative Pressure (P /P J
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Relative Pressure (P/P„)

Relative Pressure (P/P„)

Figure 3.3: N> Adsorptiou-Desorption Isotherms for (a) NZ. (b) 

SMGZ-S1 and (c) SMGZ-S4.



3.1.4 FESEM micrographs and Elemental Analysis

The morphologies of the NZ. SMGZ-S1 and SMZS4 were captiu ed using 
FESEM. The great difference in the surface morphology was observed. Figure 3.4 
{aI exhibited a distinct flowery pattern with some sheet-like morphology for NZ. 
While the SMZ-S1 illustrates an image of a rough and uneven surface as a result 
o f the addition of PVA to the NZ (Figure 3.4 b). On the other hand. Figure 3.4 
(a) exhibited a semi-smooth surface. This result shows that an organic layer was 
formed on the surface of natural zeolite after being modified by DDAB.
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Figure 3.4: FESEM photographs (a) NZ. (b) SMGZ-Sland (c) SMGZ-S4

EDX is a surface analytical technique and the results of EDX elemental 
analysis are presented in Table 3.2. Since energy dispersive is less sensitive to 
elements with atomic numbers less than 20. the weight percents listed in the 
related tables in these figures has been calculated on an oxygen-free basis [40], 
EDX is a surface analytical technique.
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Table 3.2: EDX elemental analysis o f NZ. SM Z-Sland SMGZ-S4

element NZ(wt %) SMZ-S1 (wt % ) SMZ-S4 (wt % )

C 0.00 4.15 22.40
Na 0.00 0.82 0.88
Si 28.45 25.55 22.72
Al S.21 8.07 6.75
Mg 1.11 1.06 0.90
K 4.58 3.15 1.53
Fe 3.30 6.13 3.70

Si. Al 3.47 3.17 3.36

The elemental compositions obtained indicate that the elemental weight 
percentages o f carbon ions increased from near zero in NZ to 4.15 % in SMZ-S1 
and to 22.40 % which indicates the presence o f PVA and DDAB. Moreover, the 
elemental weight percentages of potassium ions decreased while the iron ions 
increased at SMGZ-S1 then after that decreased with DDAB. which shows that 
■ + | |  ̂ -)- , 
ion exchange occurred for K and Fe rather than Na . The percentage of sodium 
and magnesium ions has not after modification. The percentage o f Na+ in EDX 
spectrum of sample NZ is near to zero. Sodium ions included within the 
interparallel pore are more difficult to recover by ion exchange [41]. The larger 
pore size of SMGZ-S4 (86.17°A) provides a more facile passage for metal ions 
and increases its resulting exchange rate rather than NZ (154.0167 A). The 
modified o f NZ by DDAB results into increase of the interparallel size and 
decreased surface area, as a result, some o f the available sodium ions are able to 
exchange with surface ions. Otherwise, the Si A l ratio has a little decreased after 
modification.

3.2.1 Impact of DDAB and PVA loading levels

The adsorption o f HA on granulate zeolite samples. SI until S7. were 
studied using initial HA concentration (Ct) of 30 mg L. As shown in Figure 3.?. 
SMGZ-S4 at the flow rate 18 mL/min displayed a higher uptake (q e) o f HA than 
other samples. The zero point of charge (zpc) shows at S4. 12% of DDAB. The 
formation of monolayer o f surfactant (DDAB) which covered zeolite surface is



reason to increase the adsorption capacity o f SMGZ-S4. The HA adsorption 
capacity of all samples also increased with increasing contact time. The total 
adsorbed amount, the maximum HA uptake and removal percent with respect to 
the different samples of SMGZ are presented in Table 33 .
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Table 3 .3: Comparison of adsorption capacities on natural granular zeolite 
and SMGZ for removal of HA (initial concentration 30 mg L-l: flow rate IS

mT. min: solution pH 7.00).

Sample Cad (mg L '1) Qtotal <l«g> q e < mg g 1) Mtotal ring) T (%)
SI 22.20 39.96 00.27 54 74
S2 25.SO 46.44 00.31 54 86
S3 28.50 51.30 00.34 54 95
S4 29.70 53.46 00.36 54 99
S5 28.SO 51.S4 00.35 54 96
S6 28.20 50.76 00.34 54 94
S7 27.60 49.68 00.33 54 92

Samples of SMGZ

Figure 3.5: Adsorption of HA by SMGZ at various feed flow rate and pH 7.00



3.2.2 Impact of solution flow rate

The result with bed volume at different flow rates was determined at 
diverse DDAB loading level. The penetration curves were obtained as HA 
concentrations in the effluent versus SMGZ for various feed flow rates and are 
presented in Figure 3.5. The breakthrough point in the system occurred at S4 for 
all flow rates of 18. 30 and 50 mL m in '. The lower feed flow rates flow rates 
display more effectual adsorption of HA than the higher once. The minimum feed 
flow rate produce more efficient removal o f HA than the maximum ones as a 
result of the higher empty bed contact time (EBCT) of the previous one. which 
include sufficient mass transfer.

3.2.3 Effect of pH on HA adsorption onto SMGZ

Figure 3.6 indicates the behavior of HA adsorption onto SMGZ as a 
function of pH. exhibiting a higher uptake of HA occurred at pH 7.00. Figure 3.6 
shows that the total HA removal efficiency at SMGZ-S4 increased from 94 % to 
99 % with the increase of pH from 4 to 7. thereafter it reduced to around 96% 
when water's pH was elevated to 10 under flow rate 18 mL min"1. This 
contradiction in behavior can be related to the difference in the adsorbent as well 
as in the experimental circumstances. The conduct o f HA adsorption as a function 
of water’s pH can be illustrated by considering the change in density of hydrogen 
ions, zeta potential of HA molecules, and the surface charge o f zeolite as a 
function of water's pH. Through previous studies [42] found that zeolite particle's 
surface is uncharged at water pH about of 7.00: zeolite particle's surface has 
positive charge at water pH below 7.00. and it is negatively charged at water pH 
above 7,00.

Influence of pH on adsorption of HA can be explained by the fact that HA 
has a negative zeta potential at pH above 2 [42]. The increase the pH is. the 
greater would be the negativity of the HA molecules, and thus the increase would 
be the attraction force between negatively charged HA molecules with the 
positively charged surface of SMGZ up to pH 7.00. At pH about S.00. the surface 
of SMGZ had no charge which led to decrease of attraction force and hi turn 
resulted in decrease of HA adsorption. Furthermore, the surface of SMGZ had a
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negative charge for pHs more than 8.00. while HA molecules were negatively 
charged at these pHs. This led to domination of repulsion forces over attraction 
ones and thus lessening of adsorption rate. In addition, this can be explained by 
considering the variation in ionic charge of HA as well as the pHzpc o f zeolite, 
and thus the variation in removal mechanism, hi fact, SMGZ are positively 
charged whereas the HA is an anionic hydrophobic compound. Therefore, the HA 
might be removed by mechanism of electrostatic attraction o f humate anions to the 
positively charged sites on the SMGZ. Certainly, the HA molecules were adsorbed 
onto positively charged sites on the surface of SMGZ through electrostatic 
attraction forces between phenolic and or carboxylic groups of HA with the 
cations surfactant on the NZ.
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Samples of SMGZ

Figure 3.6: Effects o f solution pH on HA adsorption onto SMGZ at

flow rate 18 ml min

4.0 CONCLUSIONS

Natural granular zeolite mostly has low adsorption efficiency to HA from 
water, but DDAB modification can certainly change the adsorption characteristics 
o f the zeolite for HA. The HA adsoiption efficiency was found to be dependent on 
DDAB loading amounts, flow rate, solution pH. The SMGZ-S4 at 12% o f DDAB



and the minimum flow rate (18 mL min" ) were found to exhibit the best 
performance for the adsorption of HA. The maximum adsorption o f humic acid 
was obtained at pH ranges of natural water’s pH. It is proposed that monolayer 
formation favours the interaction o f HA and DDAB covered zeolite surface. The 
general conclusion of this work is that HA adsorption on SMGZ surfaces is mainly 
as a result of the hydrophobic interaction, hydrogen bonding and partitioning 
mechanism.
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