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Abstract 20 

Phosphorus and nitrogen flow to water leads to eutrophication and depletion of 21 

reserves. Bionic-inspired tannin modification is proposed for preparing a tannin-22 

modified La-Zn(4,4'-dipy)(OAc)2/bacterial cellulose composite membrane for 23 

simultaneous adsorption of total phosphorus and ammonia nitrogen in water. Its 24 

physical and chemical properties were characterized by XRD, SEM, FT-IR, TGA and 25 

other characterization. La-Zn(4,4'-dipy)(OAc)2 nanomaterial achieved effective 26 

adhesion on the tannin-modified bacterial cellulose membrane. Adsorption experiments 27 

showed that the composite membrane can both adsorb total phosphorus and ammonia 28 

nitrogen, and adsorption capacity of ammonia nitrogen is better than that of total 29 

phosphorus. The maximum adsorption capacities of ammonia nitrogen and total 30 

phosphorus are 482.35 mg/g and 374.71 mg/g. In the binary solution, the adsorption 31 

capacity of the composite membrane to ammonia nitrogen and total phosphorus 32 

decreased, but the adsorption capacity to phosphorus decreased slightly. Results of 33 

adsorption experiments showed that the adsorption process of nitrogen and phosphorus 34 

by the composite membrane belongs to single-layer adsorption, and the calculation 35 

results of the kinetic equation are in accordance with the quasi-second-order, and the 36 

adsorption equilibrium of the composite membrane was reached within 360 min. In 37 

short, the composite membrane has a better adsorption and separation effect both on 38 

ammonia nitrogen and total phosphorus. 39 

Keywords 40 
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1. Introduction 43 

Water eutrophication, driven by rapid population growth has become a threat to 44 

human existence and thus regarded as one of most common environmental problems 45 

worldwide.(Copetti et al. 2016; Schindler 2012) Especially, China have suffered from 46 

eutrophication for decades.(Shi et al. 2019; Yan et al. 2019; Zhang et al. 2020a)  47 

Diffuse nitrogen and phosphorus pollutions are now regard as the main drivers of water 48 

eutrophication.(Li et al. 2019a; Taipale et al. 2019) So, reduce the content of total 49 

phosphorus (TP) and ammonia nitrogen in water is an effective way to control 50 

eutrophication. At present, there are mainly three practical repair methods: engineering 51 

repair, chemical repair, and biological repair. Engineering repair removes nutrients from 52 

the surface sediments in water by hydraulic or mechanical means.(Bormans et al. 2016) 53 

The effect of engineering repair is remarkable. However, harmful ingredients such as 54 

large amounts of nutrients and heavy metals may return to the water body and cause 55 

secondary pollution. The water diversion will reduce the environmental pressure that 56 

restricts the growth and reproduction of algae because of the dilution effect. So, when 57 

water diversion is taken, the algae will show a momentum of increasing growth. The 58 

biological repair is a long-term and effective measure to eliminate the endogenous 59 

pollution in the water body.(Zhang et al. 2019) The biological method has the 60 

advantages of low cost, sustainability, simple operation, convenient management, and 61 

significant purification effect. But long-time process makes it unusable for the 62 

treatment of sudden and acute water pollution. For soluble nutrients, chemical repair is 63 



often the simplest and fastest method. The traditional chemical repair adopts methods 64 

such as adding chemicals into the water to form an insoluble precipitate. However, the 65 

use of agents will harm non-target organisms in water seriously and easy to cause 66 

secondary water pollution. So, green chemical treatments have always been a hot topic 67 

in water research.(Qiu et al. 2019) 68 

Membrane adsorption is a greener and simpler than traditional chemical treatment. 69 

There are many selective adsorption sites on the surface of the membrane through 70 

chemical modification or material combination. When the continuous medium flows 71 

through membranes, membranes can selectively adsorb and separate specific 72 

pollutants.(Zhao et al. 2017; Zhu et al. 2017) Selective groups are firmly fixed on the 73 

surface of membrane materials through chemical modification so that the possibility of 74 

secondary pollution is very low. In addition, the macro size of the membrane materials 75 

makes membranes are very conducive to the treatment and separation process after 76 

adsorption compared with current nano-adsorption materials.(Wang et al. 2020) So, 77 

Membrane adsorption process has a huge application prospect in the field of 78 

environmental governance. Chemical modification requires strict reaction conditions 79 

and cumbersome steps, resulting in a higher composition of modified membrane 80 

materials. Inspired by the natural adhesion of biological mussels, we use tannic acid 81 

(TA) to construct a biomimetic membrane adsorption material. 82 

TA is a typical natural polyphenol compound with a large number of hydroxyl 83 

groups, which can interact with the biopolymer (for example, some proteins, digestive 84 



enzymes, carbohydrates and minerals, etc.) to provide more chemical properties for the 85 

tannic acid. TA can adhere to a variety of substrates, thanks to its surface catechol and 86 

catechol groups and a large number of hydroxyl groups. (Li et al. 2020) Ejima et al 87 

reported a green, simple and rapid coating method, in which TA and Fe3+ were used to 88 

synthesize metal organic coordination compounds on various substrates to assemble 89 

functional organic membranes step by step.(Ejima et al. 2013)  90 

Previously mentioned, controlling TP and ammonia nitrogen in water is an 91 

effective way to govern eutrophication. As far as we know, there have been few reports 92 

on the selective control of these two substances simultaneously. We use bacterial 93 

cellulose (BC) as the membrane substrate due to its excellent pore structure and low 94 

cost. But adsorption capacity of bacterial cellulose membrane for TP and ammonia 95 

nitrogen is poor and non-selective. TA can be used as an excellent modifier and bond 96 

bridge connector. different materials can be simply bonded to the membrane surface to 97 

achieve selective adsorption of different substances. Moreover, TA can exhibit strong 98 

interactions through multiple hydrogen bonds and hydrophobic interactions.(Shi et al. 99 

2020) TA modified membrane materials can not only provide excellent adsorption sites, 100 

but also provide better secondary reaction platform to optimize adsorption. So, we use 101 

TA modified bacterial cellulose to construct efficient membrane adsorbent materials. 102 

Through biomimetic bonding, lanthanum-modified metal organic frame (La-Zn(4,4'-103 

dipy)(OAc)2) is bonded to the membrane surface to construct a membrane adsorption 104 

material with selective double adsorption for phosphorus and ammonia nitrogen. 105 



2. Experimental 106 

2.1 Instrumentations and materials 107 

The surface morphology was characterized by Scanning electron microscope 108 

(SEM, SUPRA 55, Germany). The Fourier transform infrared (FT-IR) spectrum was 109 

studied by IS50 spectrophotometer (United States). The spectral recording range was 110 

4000-500 cm-1. Thermogravimetric analysis (TGA) was performed on the material 111 

using a thermogravimetric analyzer (Q600-TGA/DSC, USA) under N2 atmosphere. 112 

The X-ray diffraction (XRD) pattern is collected on Rigaku D/max 2500VL 113 

diffractometer (Japan) in a Bragg-Brentano configuration with an Angle 2θ of 5 to 80° 114 

to show the change in the crystal structure of the films. 115 

Zn(OCOCH3)2·2H2O, 4,4’-bipyridine, La(NO3)3 and acetonitrile were purchased 116 

from Aladdin (Shanghai, China), tannic acid, ammonia chloride, potassium dihydrogen 117 

phosphate and methanol were purchased from Sinopharm Group Chemical Reagent Co., 118 

Ltd. (Shanghai, China) 119 

2.2 Preparation of La-Zn (4,4’-dipy)(OAc)2 120 

A metal organic framework material with Zn2+ as the metal ion junction and 4,4’-121 

bipyridine as the organic ligand linking bridge was prepared, in which Zn2+ was 122 

provided by Zn(OCOCH3)2·2H2O reagent. The Zn(OCOCH3)2·2H2O and 4,4’-123 

bipyridine with a millimolar ratio of 2:1 were placed in a mixed solution of 124 

methanol/water, in which the volumes of methanol and distilled water were both 5 mL, 125 

and stirred for 15 min to make the mixture uniform. The solution was sealed in a teflon 126 



reactor, and the yellow needle-like crystals were obtained after reacting at 60 oC for 24 127 

hours. After washing with methanol and drying in a vacuum oven, and noted as Zn 128 

(4,4’-dipy)(OAc)2. Weighing 50 mg of Zn (4,4’-dipy)(OAc)2 and 25 mg of La(NO3)3, 129 

mixed with 10 mL of acetonitrile, and refluxed at 80 oC for 2 hours. Then it was 130 

centrifuged for 15 min, washed with methanol multiple times, and dried at 100 oC for 1 131 

hour. 132 

2.3 Preparation of tannic acid modified BC membrane 133 

BC membrane was immersed in a 5 mg/mL of tannic acid solution, and replace 134 

the tannic acid solution every 12 hours for a total of 6 times. The tannic acid modified 135 

BC membrane was washed with deionized water and ethanol and 136 

dried in vacuum at 60 oC for 12 hours.  137 

2.4 Preparation of tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC composite 138 

membrane 139 

According to the above method, the tannic acid modified La-Zn(4,4'-140 

dipy)(OAc)2/BC composite membrane was prepared. First, the BC membrane was 141 

modified with tannic acid, then the Zn(OCOCH3)2·2H2O and 4,4'-bipyridine were 142 

weighed, and mixed with methanol and water, and then the modified tannic acid BC 143 

membrane was placed in it and reacted together in a teflon reactor for 24 hours at room 144 

temperature. After washing and drying the obtained composite membrane with 145 

methanol for several times, the composite membrane was refluxed at 80 oC for 2 hours 146 

in the mixed solution of La(NO3)3 and acetonitrile. After washing with methanol for 147 



several times, and dried. The preparation process is shown in Figure 1. 148 

2.5 Effect of pH on adsorption 149 

In this experiment, a binary mixed solution with NH4
+-N and TP concentrations of 150 

100 mg/L were prepared using NH4Cl and KH2PO4. H2SO4 as an acid regulator, 151 

adjusting the pH of the mixed solution to 2.0, 4.0 and 6.0, and NaOH was used to adjust 152 

the pH of solution to 7.0, 8.0, 10.0 and 12.0, take 10 mL of pH-adjusted binary solution, 153 

add 10 mg of tannin-modified La-Zn(4,4'-dipy)(OAc)2/BC composite membrane, and 154 

shake at 25 oC for 24 hour. The concentration of ammonia nitrogen and total phosphorus 155 

in water were measured by Nessler reagent colorimetry and ammonium molybdate 156 

spectrophotometry, respectively. Calculate the adsorption capacity (Qe) by formula (1): 157 

Qe= (C0-Ce)×V
W

                                      (1) 158 

Among them, C0 (mg/L) represents the initial concentration of the binary mixed 159 

solution; Ce (mg/L) represents the equilibrium concentration of the binary mixed 160 

solution; V (mL) is the volume of the binary mixture, and W (mg) is the mass of the 161 

adsorbent. 162 

2.6 Adsorption kinetics 163 

Taking the binary mixed solution with NH+ 
4 -N and TP concentration of 350 mg/L. 164 

Firstly, pH was adjusted to 7.0, and then 10 mL of the solution was taken and 10 mg of 165 

tannic acid modified La-Zn(4,4'-dipy)(OAc)2/BC composite membrane was immersed 166 

in it. The concentrations of ammonia nitrogen and total phosphorus at 5, 10, 30, 60, 120, 167 

180, 240, 360, 420, 540, 600 and 660 min were measured at 25 oC. 168 



2.7 Adsorption isotherm 169 

A binary mixture of NH+ 
4 -N and TP solution, NH+ 

4 -N and TP solution were 170 

prepared with concentrations of 10, 50, 100, 150, 250, 350, 500, 800 and 1000 mg/L, 171 

respectively. Then 10 mg of tannin-modified La-Zn(4,4'-dipy)(OAc)2/BC composite 172 

membrane was added to the solution, and oscillation under 25 oC for 24 hours. The 173 

concentrations of ammonia nitrogen and total phosphorus in water were measured by 174 

nessler reagent colorimetry and ammonium molybdate spectrophotometry. 175 

2.8 Dynamic adsorption 176 

A binary mixed solution of NH+ 
4 -N and TP with a concentration of 50 mg/L was 177 

prepared, and pass the water sample at a flow rate of 0.0062 L/min through the 178 

composite membrane with a diameter of 3 cm. The concentrations of ammonia nitrogen 179 

and total phosphorus in the solution were determined at an interval of 1 hour. 180 

3. Results and discussion 181 

3.1 Characterization results and analysis 182 

The crystal structures of Zn(4,4’-dipy)(OAc)2 and La-Zn(4,4’-dipy)(OAc)2 can be 183 

determined by X-ray diffraction (XRD). As shown in Figure 2, Zn(4,4’-dipy)(OAc)2 184 

showed a higher peak intensity at 2θ=6°, where the peak intensity belongs to Zn2+, the 185 

peak strength of La- Zn(4,4’-dipy)(OAc)2 after modification of lanthanum was 186 

significantly reduced at 2θ=6°, and a new characteristic peak appeared between 187 

2θ=30°-40 °, all of which can account for the payload of lanthanum. This is consistent 188 

with the previous research results of our group work. (Wei et al. 2020a)  189 



By scanning electron microscopy (SEM), microstructure of the BC membrane 190 

surface show a three-dimensional network cross-linked structure (Figure 3a), which is 191 

the special structure of bacterial cellulose. Figure 3b show the load of La-Zn (4,4'-192 

dipy)(OAc)2 was observed on the membrane surface, which confirmed that La-Zn (4,4'-193 

dipy)(OAc)2 and BC could be effectively prepared by tannic acid modified. It is also 194 

proved that the addition of La-Zn (4,4'-dipy)(OAc)2 has no effect on the structure of 195 

BC. 196 

The FT-IR chart can clearly understand the functional group properties of Zn(4,4’-197 

dipy)(OAc)2 and La-Zn(4,4’-dipy)(OAc)2. As shown in Figure 4, a wide and strong 198 

characteristic peak of -NH2 appeared near 3430 cm-1, which is belong to the 199 

characteristic peak of an organic ligand named as 4,4'-bipyridine in the Zn(4,4'-200 

dipy)(OAc)2 material. After the intercalation of the lanthanum, the peak strength of the 201 

material at 1360 cm-1 was enhanced, and the special vibration of nitrate anion appeared 202 

at 1560 cm-1, indicating the effective encapsulation of the element La. La-Zn(4,4'-203 

dipy)(OAc)2/BC also showed the characteristic peaks near 1560 cm-1 and 1360 cm-1, 204 

indicating that La-Zn(4,4'-dipy)(OAc)2 successfully combined with tannin-modified 205 

BC. 206 

The TG/DTG of Zn(4,4’-dipy)(OAc)2 and La-Zn(4,4’-dipy)(OAc)2 are shown in 207 

Figure 5. It can be seen in the figure that when lanthanum is intercalated in the MOFs 208 

material, its mass loss is 20% higher than that of Zn(4,4’-dipy)(OAc)2. The doping of 209 

lanthanum element increased the thermal stability of the MOFs. Figure 5(a) showed 210 



that the decomposition of the MOFs material can be divided into three stages. The first 211 

stage is that when the temperature increases to 100 oC, Zn(4,4’-dipy)(OAc)2 began to 212 

decompose, at this time the mass is reduced by about 6%. The second stage is at 112-213 

187 oC, the mass is reduced by about 16%, and final stage is at 187-302 oC, its 214 

decomposition rate is significantly lower than the former two stages, the mass has lost 215 

about 14%. It can be seen from Figure 5(b) that the decomposition process of La-216 

Zn(4,4’-dipy)(OAc)2 at a heating rate of 10 oC /min is also divided into three stages, 217 

namely 48-155 oC, 155-237 oC and 237-508 oC, with corresponding mass loss of 6%, 218 

11% and 7%. 219 

3.2 Effect of pH on adsorption 220 

The effects of different pH values on the adsorption of ammonia nitrogen and total 221 

phosphorus by the composite membrane were compared. As shown in Figure 6, when 222 

the pH value of the binary mixed solution is acidic, the adsorption capacity of the 223 

composite membrane material for NH+ 
4 -N in the water should be less than 10 mg/g, 224 

which is because the ammonia nitrogen in the water is mainly in form of NH+ 
4 , and the 225 

low pH conditions are not conducive to the adsorption. However, under acidic pH 226 

conditions, the adsorption capacity of the composite membrane for total phosphorus is 227 

much higher than that of ammonia nitrogen in the water. With the increase of pH value 228 

to 7.0, the adsorption capacity of tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC 229 

composite membrane to NH+ 
4 -N and TP in the water reached the highest. The pH of the 230 

solution was adjusted to alkaline, with the increase of OH-, the competitive adsorption 231 



between OH- and PO3- 
4  leads to a decrease in the adsorption capacity of the composite 232 

membrane to the TP in the binary mixed solution. At this point, the NH+ 
4  in the solution 233 

rapidly decreases, most of the molecular forms in the water are mainly NH3, which is 234 

not conducive to the adsorption of ammonia nitrogen in the composite membrane. 235 

Based on the above trends, the following adsorption experiment was conducted at pH 236 

= 7.0. 237 

3.3 Adsorption dynamics 238 

Qt is given by formula (2):(Zhang et al. 2020b) 239 

Qt=
(C0-Ct)×V

W
                                                （2） 240 

Among them, Qt (mg/g) represents the adsorption amount of ammonia nitrogen 241 

and total phosphorus at time t, while Ct (mg/L) represents the adsorption equilibrium 242 

concentration at time t. 243 

Figure 7 showed the kinetics fitting model of tannic acid modified La-Zn(4,4’-244 

dipy)(OAc)2/BC composite membrane adsorption ammonia nitrogen and total 245 

phosphorus, within the first 120 min the adsorption capacity of NH+ 
4 -N and TP in the 246 

composite membrane rapidly increased to 133.83 mg/g and 126.08 mg/g. From 120 min 247 

to 360 min, the adsorption capacity of NH+ 
4 -N and TP by the composite membrane 248 

increased gradually, The adsorption process reached adsorption equilibrium at 360 min, 249 

and the adsorption capacity of the La-Zn(4,4’-dipy)(OAc)2/BC composite membrane 250 

gradually saturated. Figure 7 showed that at the beginning of adsorption, the adsorption 251 

capacity of NH+ 
4 -N and TP is almost the same. With the increase of adsorption time, the 252 



adsorption capacity of the adsorbent for NH+ 
4 -N in the water is higher than its adsorption 253 

capacity for the TP. The adsorption data were fitted into quasi-first-order kinetic 254 

equations (3) and quasi-second-order kinetic equations (4).(Meng et al. 2019) 255 

ln(Qe-Qt)=lnQe-k1t                                          （3） 256 

1 (Qe-Qt)⁄ = 1 Qe⁄ +k2t                                        （4） 257 

Where, k1 and k2 respectively represent the adsorption rate constants of tannic acid 258 

modified La-Zn(4,4’-dipy)(OAc)2/BC composite membrane. In addition, the formula 259 

(5) is the initial adsorption rate h (mg/(g•min)) of the material, and the half equilibrium 260 

time t1/2 (min) can be calculated by formula (6).(Li et al. 2019b) 261 

     h=k2Qe
2                                                    （5） 262 

     t1/2= 1 k2Qe⁄                                                 （6） 263 

According to the data in Table 1, the first order kinetic model was used to fit the 264 

adsorption process, and it was found that the coefficient of determination values (R2) 265 

of the composite membrane adsorption were 0.97844 and 0.97604, less than the values 266 

of R2 of the second order kinetic equation were 0.99097 and 0.98992. The adsorption 267 

process of the composite membrane was in accordance with quasi second order kinetic 268 

equation. The adsorption capacities of the NH+ 
4 -N and TP calculated by the formula was 269 

193.52 mg/g and 162.58 mg/g, respectively. The adsorption rate constants of the 270 

composite membrane are 0.00010242 g/mg/min and 0.00018993 g/mg/min, 271 

respectively. The fitting results prove that the adsorption process is mainly chemical 272 

adsorption. 273 



3.4 Adsorption isotherm 274 

The adsorption effect of tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC 275 

composite membrane on ammonia nitrogen and total phosphorus in binary mixed 276 

solution was studied by static adsorption experiment. Use the following equations (7) 277 

and (8) to fit the data to the Langmuir and Freundlich equations:(Xu et al. 2018; Zheng 278 

et al. 2019; Zheng et al. 2020; Zhuo et al. 2018) 279 

Qe= KLQmCe

1+KLCe
                                                 （7） 280 

Qe=KFCe
1/n                                                 （8） 281 

Qm (mg/L) in formula (7) represents the maximum adsorbent adsorption capacity, 282 

while KL (L/mg) refers to Langmuir binding constant, which depends on temperature 283 

and adsorption heat. In formula (8), 1/n represents the Freundlich constant, which 284 

depends on the adsorption system. KF (mg/g) is a constant, depending on the 285 

characteristics and quantity of the adsorbed material. 286 

The advantages of adsorption can be determined by calculating the separation 287 

factor RL, whose formula is as follows(9):(Basnett et al. 2012; Xu et al. 2020; Zhang et 288 

al. 2020b) 289 

RL= 1
1+CmKL

                                                 （9） 290 

Figure 8 compares the adsorption capacity of tannic acid modified La-Zn(4,4’-291 

dipy)(OAc)2/BC composite membrane to ammonia nitrogen and total phosphorus. 292 

Figure 8 shows that the adsorption effect of tannic acid modified La-Zn(4,4’-293 

dipy)(OAc)2/BC composite membrane on ammonia nitrogen is better than that on total 294 



phosphorus. According to the data in Table 2, the saturated adsorption capacity of NH4
+-295 

N in the binary mixed solution is 466.33 mg/g, while the saturated adsorption capacity 296 

Qm of single-component NH4
+-N is 482.35 mg/g. The saturated adsorption capacity of 297 

total phosphorus in the binary mixed solution was 370.94 mg/g, while the saturated 298 

adsorption capacity of single component total phosphorus was 374.71 mg/g, which also 299 

showed a decrease in adsorption capacity, but with a small decrease. Our previous 300 

studies have found that La-modified MOFs has a selective adsorption and separation 301 

effect on total phosphorus(Wei et al. 2020b), but tannic acid has no selective adsorption 302 

effect on both total phosphorus and ammonia nitrogen, which can explain why the effect 303 

of the tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC composite membrane on 304 

phosphorus decreased less than that of ammonia nitrogen. 305 

According to the fitting data of the Langmuir and Freundlich equations in Table 2 306 

and Table 3, Langmuir fitting equation R2 is greater than the Freundlich fitting equation. 307 

Therefore, it can be proved that the adsorption of ammonia nitrogen and total 308 

phosphorus by tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC composite membrane 309 

is more likely to conform to the Langmuir equation, indicating that it is a monolayer 310 

adsorption process. In addition, RL is greater than 0 and less than 1, indicating that the 311 

adsorption process of NH+ 
4 -N and TP by the composite membrane was the preferred 312 

adsorption process. 313 

3.5 Dynamic adsorption  314 

Dynamic adsorption experiments were carried out on the binary mixed solution of 315 



ammonia nitrogen and total phosphorus. Figure 9 showed the penetration curves of 316 

ammonia nitrogen and total phosphorus in the mixed solution adsorbed by the 317 

composite membrane. Penetration curve is generally an S-shaped curve, and the 318 

inclination of the S-shaped curve is different under different circumstances. The 319 

penetration point can only be accurately obtained through experiments. Take the point 320 

in the figure where the adsorption capacity rises sharply as the penetration point. The 321 

adsorption of NH+ 
4 -N and TP by the tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC 322 

composite membrane showed a penetration point between 60 and 120 min. The end 323 

point of the penetration curve was taken as the inflexion point at the top of the S-shaped 324 

curve close to the initial concentration. Therefore, the penetration curve reached the end 325 

point at 480 min, and the penetration time of the composite membrane for NH+ 
4 -N and 326 

TP in the water was 8 hours at the initial concentration of 50 mg/L and a flow rate of 327 

0.0062 L/min.  328 

3.6 Reusability tests 329 

The amount of adsorbent used greatly affects the cost of treating sewage, so it is 330 

very important to improve the reusability of adsorbent and minimize the amount of 331 

adsorbent required. The adsorbed tannin-modified La-Zn(4,4'-dipy)(OAc)2/BC 332 

composite membrane was transferred to the eluent (10% glacial acetic acid) for 48 333 

hours and rinsed with ultra-pure water for three times before drying. The whole 334 

adsorption desorption process was repeated 5 times. As can be seen from Figure 10, 335 

after 5 cycles, the adsorption capacity of ammonia nitrogen of the composite membrane 336 



decreased to 80.94%, and the adsorption capacity of total phosphorus decreased to 337 

82.91%, which we believe was mainly caused by eluting the imprinted binding site. 338 

Although the adsorption capacity of the composite membrane decreased after 5 cycles, 339 

it still remained above 80% with good reusability and could be used as a reliable 340 

adsorbent for the separation of ammonia nitrogen and total phosphorus in water. 341 

4. Conclusions 342 

In this experiment, the tannic acid modified La-Zn(4,4’-dipy)(OAc)2/BC 343 

composite membrane was prepared for adsorption of total phosphorus and ammonia 344 

nitrogen. When the pH is 7.0, the adsorption capacity of the composite membrane 345 

material to the binary mixed solution of ammonia nitrogen and total phosphorus in 346 

water were 466.33 mg/g and 370.94 mg/g. The data fitting of total phosphorus and 347 

ammonia nitrogen in the water adsorbed by the tannic acid modified La-Zn(4,4’-348 

dipy)(OAc)2/BC composite membrane conformed to the Langmuir equation and the 349 

quasi second order kinetic equation, which showed that the adsorption reaction belongs 350 

to monolayer chemical adsorption. The equilibrium between the La-Zn(4,4’-351 

dipy)(OAc)2/BC composite membrane and the water sample can be obtained by the 352 

dynamic adsorption breakthrough curve. All these results indicate the tannic acid 353 

modified La-Zn(4,4’-dipy)(OAc)2/BC composite membrane has good adsorption 354 

properties for ammonia nitrogen and total phosphorus, and can effectively adsorb 355 

pollutants in water. 356 
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Effect of pH on the adsorption of binary mixed solution of ammonia nitrogen and total phosphorus by
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Adsorption capacity of composite membrane over 5 cycles


