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Abstract 

Monodisperse melamine-formaldehyde (MF) resin microspheres were prepared by dilute solution 

precipitation polymerization without any surfactant and stabilizer. The optimal preparation conditions 

and the mechanism of microsphere formation of the microspheres were investigated by microscopy, 

Fourier transform infrared spectra, thermal stability, and particle size analysis. The microspheres 

prepared under optimal conditions had a clean surface, good thermal stability, and a narrow 

distribution with a mean diameter of about 2.5 µm. In addition, the microsphere had an abundance of 

amino and imino functional groups that could supply numerous active points for adsorption. From a 

study of the static and dynamic adsorption of lead (II) (Pb (II)) using MF resin microspheres as the 

adsorbent, it was found that the resin microspheres showed a fast adsorption and high removal 

efficiency of Pb (II). 
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1. Introduction 

Resin microspheres are a polymeric material that have been widely used as a catalyst support [1], 

drug carrier [2], absorption material [3-5], carbon matrix [6, 7] and template [8]. There are many 

preparation methods for resin microspheres [9] including suspension polymerization [10], emulsion 

polymerization [11, 12], dispersion polymerization [13, 14], and precipitation polymerization [2, 15] 

that are employed for specific end uses. 

Generally, to obtain smaller size microspheres and prevent agglomeration, most researchers 

adjusted the type and dosage of surfactants and stabilizers during their preparation. Cheong et al. [16] 

prepared monodisperse MF resin microspheres (~ 500 nm) at 85°C with Gum Arabic and sodium 

lauryl sulfate as surfactant and stabilizer. Such preparation materials are generally very difficult to 

remove during subsequent processing. It can prevent grafting on the surface and thus limit their 

applications. 

Thus, a novel synthetic method has been adopted to overcome the latter difficulties that takes 

advantage of the good solubility of melamine and formaldehyde to provide a high degree of 

polymerization MF resin. This resin increases the surface tension of water and gradually precipitates 

from aqueous solutions without surfactants. Ma et al. [17] prepared MF microspheres in an aqueous 

phase having ~ 5 µm diameters without surfactants. Although the approach benefited from a green 

perspective, the microspheres were prepared under high reaction temperatures giving an 

inhomogeneous diameter distribution. Furthermore, the heating caused the microspheres to lose 

numerous amino and imino groups that are essential for many final applications. 

To develop uniform microspheres in a green manner that does not suffer from loss of critical 

functional groups (vide supra), a simple and convenient synthetic method without surfactant and 

stabilizer was adopted and is herein described. The effects of the reactant molar ratio, reaction time, 

reaction temperature, mass ratio of raw materials relative to water and the mechanism of sphere 

formation and growth were determined by SEM, TGA, FTIR and particle size analysis. The melamine 

resin microspheres showed high efficiency as sorbents for the static and dynamic adsorption of Pb (II) 

and provided equilibrium, kinetics and isotherm data. 

 

2. Experimental 

2.1. Materials 

Melamine and formaldehyde (37 wt-%) of analytical reagent grade were obtained from Tianjin 

DaMao Chemical Reagent Factory, Tianjin, China. Analytical reagent grade reagents including 

Pb(NO3)2, CH3COONa, CH3COOH, disodium hydrogen phosphate dehydrate and sodium phosphate 

dibasic dodecahydrate were purchased from Sinopharm Chemical Reagent Co., Ltd. All reagents were 

used without further purification. 

 

2.2. Fabrication of MF resin microspheres 

2.2.1. Effect of reactant molar ratio 

Distilled water (300 mL) was added into a 500 mL four-neck round bottomed glass reactor and 

heated to 70°C under stirring. Next, 15 g of formaldehyde solution (37 wt-%) was added until the 

temperature reached 80°C. Afterwards, either 3.0 g, 6.0 g, 7.5 g, 11.5 g of melamine was added. The 

system was stirred over 1 h at rate of 200 r/min, and the MF resin microspheres solution was placed 

into 1000 mL beaker. Next, 500 g of distilled water was added rapidly. The solution was continuously 

stirred until the MF resin microspheres solution cooled down to room temperature. After the process 
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of standing and layering, the lower turbid solution was collected and centrifuged three times. The MF 

resin microspheres were dried at room temperature and further dried in vacuum oven at 80°C for 10 h. 

The MF resin microspheres were obtained through air cooling and pulverization by an agate mortar. 

 

2.2.2. Effect of reaction time 

Distilled water (300 mL) was added into a 500 mL four-neck round bottomed glass reactor and 

heated to 70°C under stirring. Next, 15 g of formaldehyde solution (37 wt-%) was added until the 

temperature reached 80°C. Then 6.0 g of melamine was added after the temperature was reached at a 

stirring rate of 200 r/min for 10 min, 30 min, 60 min, 90 min, 120 min, respectively. The same 

post-treatment of samples introduced in Section 2.2.1 was used here to obtain the final product. 

 

2.2.3. Effect of reaction temperature 

Distilled water (300 mL) was added into a 500 mL four-neck round bottomed glass reactor and 

heated to 65°C, 70°C, 75°C, 80°C, 85°C under stirring, respectively. Next, 15 g of formaldehyde 

solution (37 wt-%) was added into the mixture that was heated at 80°C. Afterwards, 6.0 g of 

melamine was added into the solution with a stirring rate of 200 r/min for 1 h. The treatment of 

samples was similar to that in Section 2.2.1. 

 

2.2.4. Effect of mass ratio of raw materials and water 

Distilled water (50, 100, 200, 300, 400 mL) was added into a 500 mL four-neck round bottomed 

glass reactor and heated to 70°C under stirring. Then 15 g of formaldehyde solution (37 wt-%) was 

added and the system was raised to 80°C. Afterwards, 6.0 g of melamine was added into the solution 

at a stirring rate of 200 r/min for 1 h. The treatment of samples was similar to that in Section 2.2.1. 

 

2.3. Characterization 

The morphology of MF resin microspheres was examined by scanning electron microscopy (SEM) 

(Hitachi S-70) where the samples were treated by spray-gold before observation. Fourier transform 

infrared spectra (FTIR) were recorded on a Nicolet NEXUS-550 FTIR spectrometer with KBr powder 

in the range of 4000-500 cm
-1

. Thermogravimetric analysis (TGA) of the MF resin microspheres was 

performed on a SDT-Q600 instrument under N2 with a heating rate of 10°C min
-1

. Average particle 

size and size distribution were determined by Malvern Zetasizer Nano ZS90. 

 

2.4. Batch adsorption experiments 

Stock solutions of 1000 mg/L were prepared by dissolving 1 g of Pb (II) nitrate in 1000 mL 

distilled water. Different concentrations (20, 50, 100, 200, 300 and 500 mg/L) of Pb (II) were 

prepared by further dilution from the stock solution. Buffer solutions ranging from pH 4.0 to pH 8.0 

were prepared from 0.5 mol/L sodium acetate and 0.5 mol/L acetic acid (HAc–NaAc). Alkaline 

buffers solutions were prepared from 0.5 mol/L disodium hydrogen phosphate dihydrate and 0.5 

mol/L sodium phosphate dibasic dodecahydrate. The concentrations of Pb (II) were determined by 

inductively coupled plasma mass spectrometry (ICP-MS). The adsorption capacity (Qe) of Pb (II) on 

MF resin microspheres was calculated as follows [18, 19]: 

 

�� =
��� − ���	



                                                     (1) 
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where C0 (mg/mL) is the initial concentrations of Pb (II), Ce (mg/mL) is the concentration of Pb (II) 

reached the adsorption equilibrium, V (mL) is the solution volume, and M (g) is the amount of the 

microspheres [20]. 

 

2.4.1. Effect of the pH value on Pb (II) adsorption 

Approximately 2 g of MF resin microspheres was placed into 250 mL conical flasks along with 100 

mL of Pb (II) ion solution with a concentration of 100 mg/L, 10 mL buffer solution (pH = 4, 5, 6, 7 

and 8), respectively. The mixture was shaken in a constant temperature bath shaker (100 rpm) at 25°C. 

After adsorption equilibrium, the solids were filtered. The concentrations of Pb (II) were determined 

by ICP-MS.  

 

2.4.2. Kinetics 

Approximately 2 g of MF resin microspheres was placed in 250 mL conical flasks, to which was 

added 100 mL of Pb (II) solution at concentrations of 30, 50 and 100 mg/L, that were buffered at 

optimum pH (pH = 7); the mixture was shaken at a speed of 100 rpm and a constant temperature of 

25°C. The samples were collected at preset intervals and the upper layer liquid was taken out until 

adsorption equilibrium was reached. After the adsorption equilibrium, the microspheres were filtered 

and the filtrate was diluted to 10 mL. Concentrations of Pb (II) were determined as above. 

 

2.4.3. Isotherms and thermodynamics 

MF resin microspheres (2 g) was placed into 250 mL conical flasks, to which was added 10 mL 

buffer solution (pH = 7), 100 mL Pb (II) solution at concentrations of 20, 50, 100, 200, 300 and 500 

mg/L, respectively. The mixtures were shaken in a shaker (25°C, 30°C and 35°C) at a speed of 100 

rpm. The samples were collected at preset time intervals. The upper layer liquid was taken out until 

adsorption equilibrium was reached. Afterwards, the solids were filtered and the filtrate was diluted to 

10 mL. The concentrations of Pb (II) were determined as above. 

 

2.4.4. Batch desorption 

The solids were filtered and washed thoroughly with distilled water. The adsorbed Pb (II) ions were 

desorbed by HCl in different concentrations for 24 h at room temperature under constant shaking in a 

constant temperature bath shaker. The final concentrations of Pb (II) were determined by ICP-MS. 

The percentage of desorption was calculated by the following expression: 

Desorption	�%� =
Amount	of	metal	ion	desorbed	to	the	elution	medium

Amount	of	metal	ion	sorbed	on	MF	resin	microspheres
× 100%	        (2)     

2.5. Column adsorption and desorption experiments  

Approximately 7 g of MF resin microspheres was placed in a stationary glass column (3 cm i.d. × 

30 cm length). A glass wool plug was provided at the bottom to support the adsorbent bed and prevent 

removal of adsorbent. The Pb (II) solution at a concentration of 100 mg/L, buffer solution (pH = 7) 

with a flow rate 1 mL/min was passed continuously through the stationary bed of adsorbent. The 

samples were collected at different time intervals in the bottom of the column and the concentrations 

of Pb (II) were determined via ICP-MS from which the dynamics adsorption curve was measured.  

Hydrochloric acid solution with a concentration of 0.1 mol/L was used as the eluting agent at 2 

mL/min flow rate. The aqueous samples were collected at the different time intervals and the 
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concentrations of Pb (II) were similarly analyzed. 

The performance of column is described by the concept of breakthrough curve. The breakthrough 

curve can be expressed as the plot of Ct/C0 (where Ct is the outlet Pb (II) concentration and C0 is the 

inlet Pb (II) concentration) versus time or volume of the effluent. Total adsorbed Pb (II) quantity (qtotal; 

mg), in the column for a specific initial concentration and flow rate can be calculated from Equation 

(3): 

 

%&'&() =
*

+���
, �(-
&./.01
&2

34 =
*

+���
, ��� −�&�
&./.01
&2

34         (3) 

 

where Q is the volumetric flow rate (mL/min), Cad is the adsorbed Pb (II) concentration (mg/L), ttotal is 

the total time of flow (min) [21], respectively. 

 

2.6. Regeneration  

The regenerated adsorbents were washed with deionized water repeatedly and further dried in 

vacuum oven at 80°C for 10 h. To test the reusability of the MF resin microspheres, a total of six (6) 

repeats of the adsorption-desorption cycle were done. 

 

3. Results and discussion 

3.1. Synthesis of MF resin microspheres 

Fig. 1 is the SEM images of MF resin microspheres that shows four different samples prepared with 

a different molar ratio of formaldehyde relative to melamine. It can be clearly seen that the molar ratio 

of formaldehyde versus melamine has a great influence on formation, smoothness, and dispersion of 

these microspheres. When the molar ratio of formaldehyde relative to melamine was 2:1 (Fig. 1(a)), 

the surface was rough likely because the polymerization degree of the resin and the surface tension of 

water both were seriously non-uniform, leading to a high quantity of linear melamine resin that 

adhered to the surface of the microsphere. These linear melamine resins were attributed to a reduced 

frequency of collisions between melamine and formaldehyde and thus could not interact sufficiently 

to produce a polymer with high surface tension. Therefore a high concentration of resins with 

irregular shapes adhered to the surface of the microspheres. As can be seen in Fig. 1(b), the 

smoothness increased with an increasing level of formaldehyde, but when the molar ratio was ~ 5:1 

(Fig. 1(d)), the samples showed significant aggregation. Theoretically, one melamine molecule could 

react with six formaldehyde molecules. A high molar ratio of formaldehyde versus melamine thus 

increased the reaction rate and degree of polymerization, promoting precipitation of resin 

microspheres. The precipitated resin microspheres had a very high local concentration of active 

methylol groups on their surface which could crosslink and etherify at high temperature conditions 

without acidification, leading to tremendous aggregation. The aggregated resin microspheres were 

very difficult to separate by most common means. When the molar ratio was 4:1 (Fig. 1(c)), the 

melamine resin microspheres showed perfect formation, clean surface, outstanding dispersion, and 

uniform size. 

Fig. 2 is the SEM images of MF resin microspheres prepared at different reaction times. It can be 

clearly seen that with more reaction time, the size and smoothness of MF resin microspheres 

increased. However, the size did not change after 60 min. It is to provide possible from these images a 

postulate for the growth mechanism. At the beginning of the reaction, higher monomer concentrations 
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increase the reaction rate because of a high degree of polymerization, after which a large number of 

smaller size microspheres particles precipitated. As shown in Fig. 2(a), when the reaction time 

reached 10 minutes, a large quantity of microspheres having non-uniform size agglomerated. As 

shown in Fig. 2(b), with reaction time increasing, small microspheres agglomerated into big 

microspheres. Therefore, the number of small size microspheres gradually decreased with a 

concomitant increase in bigger microspheres. Yet, when the reaction time was too long, the number of 

monomers, concentrations and reaction speed decreased. The low polymerization degree linear 

melamine resin with a large number of active methylol easily adhered to the surface of the 

microspheres as shown in Fig. 2(d, e). When the reaction time was 60 min, the melamine-resin 

microspheres exhibited uniform size and high smoothness as shown in Fig. 2(c). In conclusion, the 

growth mechanism of the melamine microspheres was likely uncovered: a large number of smaller 

microspheres are generated that tend to react with each other to form larger size microspheres. A 

linear resin with a low degree of polymerization was able to graft onto the microsphere surface. 

Fig. 3 shows the SEM images of MF resin microspheres prepared from five different reaction 

temperatures. From these images, it could be clearly seen that, at higher temperature, the size becomes 

smaller and the surface of microspheres is smoother. However, smoothness could not change much 

after 80°C. High temperature leads to fast reaction rate producing resins with a high polymerization 

degree in a short precipitation time. At higher temperatures, the kinetics of agglomeration of smaller 

microspheres decreased because of the quick resin producing process. The fast reaction rate resulted 

in low concentration monomers which were hardly able to lead to a high polymerization degree at 

high temperature instead of precipitation in the form of microspheres. In addition, the low degree of 

polymerization linear resin was unable to efficiently coat the surface of the microspheres. Thus, the 

microspheres solidified more quickly at high temperatures, while the surface still contained a small 

amount of reactive functional groups. Thus, linear resins were harder to crosslink and etherify. This 

meant that smaller microspheres needed to be prepared at high temperatures. When the reaction 

temperature was 80°C, the melamine resin microspheres exhibited better morphologies as shown in 

Fig. 3(d). 

Fig. 4 is the SEM images of MF resin microspheres prepared at five different mass ratios of raw 

materials relative to water. These samples exhibited reduced agglomeration, better dispersion, and 

uniform size with increasing the relative ratio of water. However, monodispersity and uniformity 

changed little after the mass ratio of raw materials relative to water was 1:26. More of the water 

resulted in bigger spaces between the microspheres which decreased the highly sought collision 

probability of microspheres. In addition, a small relative mass ratio of water increased the initial 

concentration of the reactants. Because the same reaction temperature and stirring speed were 

controlled, the surface was uncompleted. The microspheres contained a high amount of active 

functional groups and highly cross-linking resin in the case of less water. With the relative molecular 

mass of water increasing, the concentrations of the reactants and reaction speed decreased. When the 

mass ratio of raw materials relative to water was 1:26, the melamine resin microspheres exhibited 

more uniform size and better dispersion as shown in Fig. 4(d). 

The optimum experimental conditions were used for Pb (II) adsorption experiments, in which the 

molar ratio of formaldehyde relative to melamine was 4:1, 60 min, 80°C and the mass ratio of raw 

materials relative to water was 1:26. 

 

3.2. Characterization of MF resin microspheres 
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The Fourier transform infrared spectra (FTIR) of MF resin microspheres before and after Pb (II) 

adsorption (Fig. 5) were recorded in the range of 4000 to 500 cm-1. The FTIR spectrum of MF resin 

microspheres before adsorption is shown in Fig.5 (a); the peaks associated with amino (-NH2) and 

imino (-NH-) stretching was found at 3325 cm-1, methylene (-CH2-) stretching was found at 1489 cm-1 

and 1165 cm
-1

, and 1, 3, 5-s-triazing ring mode at 1558 cm
-1 

and 812 cm
-1

 [22]. The spectrum of MF 

resin microspheres after adsorption is shown in Fig.5 (b). It is found that the characteristic sorption 

peaks of the -NH2 and -NH- shift from 3325 cm
-1

 to 3334 cm
-1

 which indicates the main role of -NH2 

and -NH- groups in the improved adsorption phenomenon of Pb (II). The results of FTIR analysis 

indicated the presence of the characteristic absorption peak of the microspheres. 

The result of the thermal gravimetric analysis (TGA) of MF resin microspheres is shown in Fig. 6. 

The initial major weight loss between 140-260°C can be attributed to the free formaldehyde 

molecules and evaporation of water; interestingly, the structure of the MF resin microspheres did not 

change. The substantial weight lost rapidly at temperatures between 400-800°C because the samples 

decomposed into carbon residue. It can be concluded that the MF resin microspheres had good 

thermal stability, which could be ascribed the stable triazine groups. 

The particle size distribution of MF resin microspheres were obtained by particle size analysis. Size 

measurement was repeated 3 times for each sample and relative standard deviations were less than 5%. 

Average particle sizes of the MF resin microspheres with varying process variables are listed in Table 

1. 

 

3.3. Influence of pH on adsorption 

The pH of the aqueous solution is one of the most important factors in adsorption processes [23, 

24]. The concentration of Pb (II) was examined over the pH range of 4-8 at 298 K. Fig. 7 (a) shows 

the influence of pH on the adsorption process, showing that the highest equilibrium adsorption was 

achieved at pH of 7.0. 

This phenomenon may be explained from several aspects. It could be attributed to the amino groups 

(-NH2) and imino groups (-NH-) within the MF resin microspheres that acted as the active adsorbents 

for metal ion adsorption. The zeta potential of MF resin microspheres as a function of pH was shown 

in Fig. 7 (b). At lower pH values, a relatively high concentration of H
+
 competed with Pb (II) as the 

active sites during the adsorption process. The protonation of the amino and imino groups would lead 

to a strong electrostatic repulsion for absorption between them and the Pb (II) ions. Therefore, the 

adsorption capacity of MF resin microspheres for Pb (II) is low. As pH increased, protonation became 

slower, while the competition of the protons with the Pb (II) ions for the active sites became less 

significant. Thus, more Pb (II) ions are bound with active functional groups on the surface of MF 

resin microspheres [25]. The adsorption plateau value of the Pb (II) was achieved at pH 7.0 for 

subsequent experiments. 

 

3.4. Adsorption kinetics 

To further study the kinetics of the adsorption, two most widely applied kinetic models, i.e., the 

Lagergren pseudo-first-order [26] and pseudo-second-order [27] equation can be used to fit the 

adsorption data, just as shown in the following [28, 29]: 

log��� − �&� = log�� −
46+
2.303

             (4) 
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where Qe (mg/g) and Qt (mg/g) are the amounts of Pb (II) adsorbed at equilibrium and time t (min); k1 

(min
-1

) is the Lagergren pseudo-first-order rate constant of adsorption, k2 (g min
-1

 mg
-1

) is the 

pseudo-second-order rate constant of adsorption [30]. 

Fig. 8 shows the effects of contact time on the adsorption capacity of Pb (II) ions onto MF resin 

microspheres at different initial concentrations (30, 50, 100 mg/L). The adsorption capacity increased 

rapidly in the first 20 min and then tended to equilibrium which showed that the adsorption process is 

fast and the efficiency of adsorption is higher.  

The Lagergren pseudo-first-order and pseudo-second-order data fitting results were shown in Fig. 9 

and Table 2. It is obvious that the adsorption of Pb (II) on MF resin microspheres followed better 

correlation coefficient by pseudo-second-order kinetics model [27, 31]. 

Compared with other reported adsorbents, MF resin microspheres had many advantages, including 

cheap materials, simple synthesis method, fast adsorption process, and easy industrialization. First, the 

raw materials for the adsorption of MF resin microspheres are inexpensive and readily available. 

Secondly, the adsorbent preparation is also simple and will not lead to secondary pollution. Although 

not as effective as a commercial chelating resin [3] for adsorbing Pb (II), this is more than offset by 

the low cost and high availability of adsorbents considered. In terms of adsorption rate, there is little 

difference between guanidine-modified hydrogels [32] and MF resin microspheres. However, the high 

cost and complicated preparation technology of guanidine-modified hydrogels makes its application 

difficult. On the other hand, the adsorption rate of the MF resin microspheres was faster than the 

low-cost adsorbents [33] and the adsorption performance of MF resin microspheres was superior to 

porous resins [25] and Dowex 50W synthetic resin [34]. 

 

3.5. Adsorption isotherms 

Adsorption isotherms describe the relationship between equilibrium absorption capacity and 

concentration at certain temperature. Fig. 10 represents the adsorption isotherms of MF resin 

microspheres for Pb (II) at 298 K, 303 K and 308 K.  

The linear forms of the Langmuir [35] and Freundlich [36] isotherms are represented by the 

following equations: 

1

��
=

1

�<
+

1

=�<

1

��
                  (6) 

log�� = log>? +
1

@
log��                 (7) 

 

where Qe (mg/g) is the equilibrium Pb (II) concentration on the adsorbent, Ce (mg/L) is the 

equilibrium Pb (II) concentration in solution, Qm (mg/g) is the amount of Pb (II) at maximum 

monolayer, and b is Langmuir adsorption constant, KF and 1/n are Freundlich constants corresponding 

to adsorption capacity and adsorption intensity [37, 38], respectively. 

Fig. 11 shows the fitting plots of Langmuir and Freundlich adsorption isotherms of Pb (II) on MF 

resin microspheres at 298 K (plots at 303 K and 308 K not shown). The Langmuir and Freundlich data 

fitting results are shown in Table 3. It is obvious that the adsorption of Pb (II) on MF resin 

microspheres had a superior correlation coefficient using the Langmuir model, while the adsorption of 
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Pb (II) on MF resin microspheres could be modeled by a monolayer adsorption process [39]. 

 

3.6. Thermodynamic parameters 

Thermodynamics parameters including Gibbs free energy change (△G), enthalpy change (△H), and 

entropy changes (△S) [33, 37] were calculated by the following equations: 

∆G = −RT ln>F                 (8) 

ln>F = −
∆G

HI
+

∆J

H
                (9) 

 

where T and R represent the system temperature (K) and the universal gas constant (8.314 J/mol K). 

KL is the sorption equilibrium constant determined from the slope of ln (Qe/Ce) against Ce at different 

temperatures and extrapolating to zero Ce. The values of △H and △S were obtained from the slope 

and intercept of the Vant Hoff plot of ln KL against 1/T (Fig. 12). 

The results were tabulated in Table 4. The negative value of △H and △S indicated the exothermic 

nature of the sorption process and spontaneity at low temperatures. The negative values of △G 

confirmed the spontaneity and feasibility of the adsorption process. So the adsorption is a chemical 

adsorption. 

 

3.7. Batch desorption 

To reduce costs and regenerate adsorbents, the adsorbent desorption performance should be 

investigated to optimize it [40]. From Fig. 13, it can be seen that 0.5 mol/L HCl provided a higher 

desorption ratio and more than 95% of the adsorbed Pb (II) ions could be easily removed from the 

microspheres. These results indicate that MF resin microspheres could be easily regenerated. 

 

3.8. Dynamic adsorption and desorption 

The adsorption study by the dynamic method was chosen due to some operational advantages [21, 

41-44]. The breakthrough curve can be expressed by plotting the concentration Ce/C0 (where Ce is the 

outlet Pb (II) concentration and C0 is the inlet Pb (II) concentration) versus time or volume of the 

effluent [45]. The dynamic adsorption curve of MF resin microspheres for Pb (II) is shown in Fig. 14. 

Dynamic adsorption experiments were performed on MF resin microspheres at an initial 

concentration of Pb (II) of 100 mg/L and flow rate = 1 mL/min. It could be seen from Fig. 14 that the 

breakthrough point of adsorption was 60 min. During 0 ~ 60 min stage, the Pb (II) was almost entirely 

adsorbed. These results indicate that the dynamic adsorption reached equilibrium after 60 min. The 

dynamic adsorption capacity for Pb (II) was 6.15 mg/g that indicates that the solute uptake is quicker 

and efficiency of sorption is higher. 

Outstanding desorption performance of an adsorbent is important in its potential practical 

applications. The dynamic desorption curve of MF resin microspheres for Pb (II) ions was shown in 

Fig. 15. It can be seen that at 40 min, the MF resin microspheres desorbed completely which indicates 

that the MF resin microspheres had outstanding elution properties [45, 46]. 

 

3.9. Regeneration studies 

The regeneration of adsorbents is an important factor for an effective absorption material. The 

adsorption-desorption cycle of the MF resin microspheres was shown in Fig. 16. The results clearly 

show that the MF resin microspheres could be easily regenerated without significantly compromising 
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its adsorption capacity. Therefore, the MF resin microsphere adsorbent had excellent reusability. 

 

4. Conclusions 

Monodisperse melamine resin microspheres have been successfully synthesized without any 

surfactant, emulsifier, or dispersant. The effects of the reactant molar ratio, reaction time, reaction 

temperature, mass ratio of raw materials relative water were investigated. When the molar ratio of 

formaldehyde relative melamine was 4:1, MF resin microspheres expressed clean surfaces and good 

size uniformity. With increasing reaction time and temperature, the surface became smooth. When the 

reaction time was 60 min and the reaction temperature was 80°C, the smoothness did not change. The 

growth mechanism of the melamine microspheres was hypothesized to consist of the following: 

numerous smaller microspheres were generated, then reacted with each other to form larger size 

microspheres. Linear resin with a low degree of polymerization merged onto microsphere surface. 

With the relative ratio of water increasing, the monodispersity and uniformity were better. However, 

monodispersity and uniformity did not change after the mass ratio of raw materials relative to water 

was 1:26. Therefore, monodisperse melamine-formaldehyde resin microspheres with clean surface 

were able to be prepared. The microsphere prepared under an optimal condition showed good thermal 

stability and a narrow distribution with a mean diameter of about 2.5 µm. The MF resin microspheres 

had higher adsorption rate and could be used repeatedly. The maximum capacity of the column was 

found to be about 6.15 mg/g for Pb (II) of MF resin microspheres. The adsorption process followed an 

Langmuir isotherm and pseudo-second-order kinetics model. Kinetics and thermodynamic studies 

indicated that the adsorption process was an exothermic and spontaneous reaction and the adsorption 

reaction is a chemical adsorption. Furthermore, numerous active functional groups, such as amino and 

imino, were on the surface of MF resin microspheres, endowing them with great potential applications 

in the adsorption metal ions.  
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(1) Monodisperse MF resin microspheres were prepared without adding any surfactant. 

(2) MF resin microspheres prepared under optimal condition had a clean surface. 

(3) MF resin microspheres contained abundant active amine and imine. 

(4) MF resin microspheres exhibited a fast adsorption efficiency of Pb (II). 

 


