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Abstract 

A trithiocyanuric-Zr based MOFs adsorbent (ZT-MOFs) was synthesized by 

using trithiocyanuric acid as a linker and zirconium chloride as a metal matrix and 

used to recover Au(III). ZT-MOFs was characterized by FT-IR, BET, Raman and 

FE-SEM. ZT-MOFs are porous material and have good stability in the range of pH 

1-9. ZT-MOFs showed a higher adsorption capacity for Au(III) (333.34 mg/g) at 480 

min and pH=7. The experimental data fitted to Freundlich and pseudo second-order 

models, indicating a heterogeneous multi-layer chemadsorption is the dominated step. 
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ZT-MOFs separated selectively Au(III) from laboratory wastewater containing 

various interfering ions. The removal rate of Au(III) decreased only from 94.5% to 

87.5% after 4 adsorption and desorption cycles. This shows that ZT-MOFs have good 

repeatability. FT-IR, XPS and Zeta potential data shows that the adsorption 

mechanism of Au(III) on ZT-MOFs is coordination. Therefore, ZT-MOFs have great 

potential in extracting Au(III) from wastewater. 

Keywords: Adsorption, Gold, MOFs, Selectivity 

1. Introduction 

Gold plays an irreplaceable role in many industrial productions and daily life due 

to its excellent physicochemical properties, for example, electronic industry, medical 

devices, aerospace, electronic communications, chemical production and jewelry [1,2]. 

However, a large amount of gold-containing  wastewater is produced in industrial 

activities, leading to the loss of gold. What's worse, gold is also one of the heavy 

metal elements and will eventually deposit in the ecosystem when the industrial 

wastewater is discharged. Gold ions finally enter the food chain and cause serious 

damage to mankind. So, it is particularly important to recover the available gold ions 

from industrial wastewater. 

The recovering method of gold ions from aqueous solution includes adsorption, 

solvent extraction, precipitation, ion exchange, and so on [3,4]. Among the recovery 

methods, adsorption is an emerging recovery method of gold ions in aqueous solution 

because of its simple operation process, high efficiency and low-cost[5]. The 
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adsorbents can be classified into ion exchange resins, activated carbon, 

nanocomposite, chitosan, clays, chelating resins and MCM-41[6,8]. As a new type of 

material adsorbent, metal organic framework (MOFs) has developed rapidly in recent 

years [9].  Due to high specific surface area, multiple active sites and adjustable pore, 

MOFs occupied an important position in the many fields, including catalysis[10], 

drug delivery[11], artificial photosynthesis[9] and removing heavy metal ions[12,13]. 

Lanthanide metal–organic frameworks was used to adsorb Pb(II) and Cu(II)[14]. The 

adsorption capacity of nanoporous metal organic framework (MOF-5)  for copper ion 

is 290 mg/g[15]. However, several existing MOFs adsorbents have low selectivity and 

adsorption capacity because they lack active functional groups, which limits their 

wide application. Nowadays, many teams attempt to introduce new active functional 

groups through a post-modification method to improve the adsorption capacity and 

selectivity of adsorbents. The triol-functionalized Cu-MOF captured selectively 

mercury species in either the solution or vapor state[16]. Although the 

post-modification process is effective, it requires extremely expensive reagents and 

tedious modification processes. Therefore, the introduction of organic functional 

groups into ligands is a promising method, which can not only simplify the synthesis 

process, but also improve the selectivity and adsorption capacity. 

According to the principle of hard acid and soft acid base (HSAB), 

sulfur-containing ligands can form stable complexes with Au (III). Trithiocyanuric 

acid is rich in sulfur atoms and inexpensive. In this study, a new MOFs adsorbent was 
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synthesized by one-step method using trithiocyanuric acid as organic ligand and used 

to adsorb selectively Au(III) from aqueous solutions. The adsorption effect was 

evaluated by adjust the pH of the solution, the initial gold ion concentration and the 

reaction time, etc. The selectivity, repeatability, kinetic and isotherm modes were 

researched. The adsorption mechanism was also analyzed by X-ray photoelectron 

spectroscopy(XPS) and X-ray diffraction(XRD).  

2 Experimental 

2.1 Materials 

The gold ion solution were supplied by Nanjing Chemical Reagent Co., Ltd. 

Hydrochloric acid were supplied by Chengdu Kelon Chemical Reagent Co., Ltd. 

Trithiocyanuric acid were supplied by Shanghai Aladdin Chemical Co., Ltd. 

Zirconium tetrachloride were supplied by Shanghai McLean Biochemical Technology 

Co., Ltd. N,N-dimethylformamide (DMF 99%) were purchased from Shanghai 

Aladdin Chemical Co., Ltd. HCl (10.0%) and NaOH (10.0%) were used to adjust the 

pH of the solution. 

2.2 Synthesis of adsorbents 

A new adsorbent was synthesized by hydrothermal method. Zirconium 

tetrachloride (2.33g) and Trithiocyanuric acid (1.77g) were weighed according to the 

molar ratio of 1:1. The mixture was dissolved in solution of 100 mL DMF and 10 mL 

hydrochloric acid at room temperature. The solution was put into a three-neck 

reaction bottle and heated to 130℃ for 24 h. After centrifuged, the precipitates were 
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washed five times with DMF and distilled water and dried in vacuum at 70℃ for 24 

h. The product was named ZT-MOFs. 

2.3. Characterization 

Fourier transform infrared spectrum were obtained between 400 cm
-1

 and 4000 

cm
-1

 using a Nicolet iS50 spectrophotometer (Thermo Nicolet, USA) with a resolution 

of 4 cm
-1

. Inductively coupled optical emission spectroscopy (ICP-OES, Leeman 

prodigy7, U.S.A) is used to detect ion concentration in solution. Zeta potential was 

measured at pH 4.0-11.0 using NanoBrook-Omni (Brookhaven Instruments Co., 

USA). X-ray photoelectron spectroscopy (XPS) was conducted via a PHI-5000 

Versaprobe II (Ulvac-Phi, Japan). The surface area of the adsorbent was determined 

from N2 adsorption using Micrometitics ASAP 2020 surface area analyzer. The 

specific surface area was calculated using the Brunauer-Emmett-Teller (BET) method, 

and the specific pore volume was calculated by the Barrett- Joyner- Halenda (BJH) 

method. FE-SEM (JSM-7100F, JEOL) was used to detect surface morphology and 

elemental distribution of samples. Raman Spectra of ZT-MOFs was obtained by 

JASCO NRS-1000 micro-Raman spectrometer. 

2.4. Adsorption experiments 

10 mg of the sample was placed in a 15 ml centrifuge tube and 10 ml of a gold 

ion solution with the concentration at 200 mg/L was added. After mixing, the tube 

was placed in a ZD-85 gas bath thermostat and shaken for 24 h at 25 ℃ and 300 rpm. 

After the reaction reached equilibrium, the residual gold ion concentration was 

measured by ICP-OES. The equation (1) and (2) were used to calculate the adsorption 

capacity and adsorption rate[17]. 

𝑞𝑒 =
(𝐶𝑖−𝐶𝑓)𝑣

𝑚
                                    （1） 
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R =
𝐶𝑖−𝐶𝑓

𝐶𝑖
× 100%                                 (2) 

qe (mg/g), R (%), Ci (mg/L) and Cf (mg/L) represent the adsorption capacity, the 

absorption rate, the initial content and the remaining content of gold ion, respectively. 

V (mL) and m (mg) are the volume of gold ion solution and the weight of ZT-MOFs. 

In order to explore the effect of pH on the experiment, ZT-MOFs was added to 

the gold ion solution with pH from 2 to 11. The different initial concentrations of gold 

ion solutions(200mg/L-550 mg/L/) were used to study the adsorption isotherms. After 

mixed ZT-MOFs with gold ion solution, the solution was taken out at set intervals to 

explore the adsorption kinetics. To investigate the effect of interfering ions, ZT-MOFs 

was added to a wastewater containing Mg
2+

, Cr
2+

, Mn
4+

, Co
2+

, Zn
2+

, As
3+

, Sb
2+

 and 

Au
3+

 and waggled for 24 h. After adsorption, the supernatant was detected to obtain 

the residual ions concentration. 

3. Results and Discussion 

3.1. Characterization  

The surface morphology of ZT-MOFs was observed using FE-SEM (Fig. 1a). It 

can be observed that the ZT-MOFs adsorbent is formed by stacking many small 

particles. Fig. 1(b) was the EDS image of area 1 and confirmed the presence of Zr and 

trithiocyanuric acid. The infrared spectrum of ZT-MOFs is shown in Fig 1(c). The 

peak at 1589 cm
-1

 indicates that trithiocyanuric acid had an interaction with Zr
4+

. The 

peaks at 1589 cm
-1

 and 1715 cm
-1

 are due to the stretching vibration of C-H and 

C=N[18]. The peaks at 1019 cm
-1

, 1467 cm
-1

 and 1537 cm
-1

 are due to the stretching 
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vibrations of C=S, CN and NH. The –N-C=S band appeared at 1251 cm
-1

 and 1662 

cm
-1

. Fig 1 (d) is the raman spectrum of ZT-MOFs. The peaks at 143 cm
-1

, 293 cm
-1

 

and 990 cm
-1

 are the characteristic vibration of N-Zr. The characteristic peak at 667 

cm
-1

 is caused by the vibration of the C-S bond[19]. So, ZT-MOFs has been 

successfully synthesized.  

 

Fig 1. Characterization of ZT-MOFs adsorbent:(a) FE-SEM image 

(b) EDS image and (c) FT-IR,(d) Raman 

To explore the pH stability of ZT-MOFs, Adding of 10 mg ZT-MOFs and 10 ml 

of water with pH from 1 to 9 in centrifuge tube and shaken for 24 h in a constant 

temperature. After centrifuged and removed the supernatant, the centrifuge tube was 

dried to constant weight. The weight of the remaining adsorbent was obtained by 
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subtracting the weight of the centrifugal tube(Fig. 2a). It is found that the weight 

before and after immersion is unchanged. So, ZT-MOFs have good pH stability. 

In order to study the porosity of ZT-MOFs, low temperature N2 gas adsorption 

and desorption experiments were carried out on ZT-MOFs (Fig. 2b). The nitrogen 

adsorption and desorption isotherms of ZT-MOFs show a type IV hysteresis loop, 

which is a characteristic of mesoporous materials. The average 

Brunauer-Emmett-Teller (BET) surface area, pore radius and pore volume calculated 

by the Barrett-Joyner-Halenda (BJH) method were 111.35 m
2
/g, 6.88 nm, and 0.102 

cm
3
/g, respectively. Their high active sites facilitate the rapid mass transfer of Au(III). 

Au(III) can diffuse into the pores and form a chemical bond with the inner surface of 

the mesopores. 

 

Fig.2 (a) pH stability and (b) BET of ZT-MOFs 

3.2. Effect of pH on removal rate and zeta potential 

In the adsorption process, pH has a crucial effect on the adsorption 

capacity .The highest adsorption capacity of ZT-MOFs for Au(III) is obtained at 

neutral and weak base conditions (Fig. 3a). When the pH increases from 2 to 7, the 
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removal rate increase and finally reach the maximum. When pH is 7.0, the 

maximum removal rate is 93%. At lower pH, the concentration of hydrogen ion is 

higher, and a large number of free hydrogen ions exist in the solution. These free 

hydrogen ions will compete adsorption points with chloroauric acid ions on the 

adsorbent surface. Therefore, the removal rate of Au(III) decreased with the 

decrease of pH. When the pH is higher than 7, complexes such as AuCl3(OH)
-
, 

AuCl2(OH)
2-

 AuCl(OH)
3-

, and AuCl(OH)
-
4 are produced. So the removal rate is 

remarkably lowered. The optimum pH is 7.0.  

 

Fig.3 (a) The effects of pH value on the adsorption of Au(III) 

and (b) zeta potential of ZT-MOFs 

Fig. 3(b) is the zeta potential of ZT-MOFs. The isoelectric point of ZT-MOFs 

is 6.4. When the pH is less than 6.4, ZT-MOFs has a positive charge. Conversely, 

when the pH is greater than 6.4, ZT-MOFs has a negative charge. The literature 

indicates that Au(III) species are mainly present as negative charges in acidic 

solutions (pH from 2 to 6). There was no significant correlation between adsorption 
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rate and Zeta potential, indicating that the adsorption mechanism of ZT-MOFs is 

not ion exchange and electrostatic interaction. 

3.3. The effect of initial Au(III) concentration and adsorption isotherms 

 

 

Fig.4 Effect of the initial Au(III) concentration on gold adsorption. The linearized                          

isotherm models for gold adsorption on ZT-MOFs:  

Langmuir(b), Freundlich(c) and Hill(d) 

Adsorption capacity is an important factor to understand how many adsorbents 

are necessary for valid enrichment of adsorbates in a given solution. To evaluate the 

adsorption capacity of ZT-MOFs, the effect of the initial Au(III) concentration was 

investigated (Fig.4a). With the increase of initial Au (III) concentration, the 

adsorption capacity of ZT-MOFs for Au (III) increases rapidly. When the initial 
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concentration of Au (III) reached 550 mg/L, the adsorption reached its maximum. At 

low concentrations, the surface binding site of the adsorbent can fully bind to Au(III). 

However, as the concentration of Au(III) increases, the adsorption site on the surface 

of the adsorbent reaches saturation and gold ions can no longer be adsorbed. The 

maximum adsorption capacity of gold ion on ZT-MOFs is 333.34 mg/g. Table 1 lists 

some Au(III) adsorbents. It can be found that the maximum adsorption capacity of 

ZT-MOFs was higher than that of other adsorbents. In general, ZT-MOFs was a very 

effective adsorbent for Au(III). 

Table 1 Comparison of the Au(III) adsorbing capacity of ZT-MOF 

and adsorbent reported in the references 

Adsorbent Adsorption 

capacity (mg/g) 

pH Time 

(h) 

Cycles References 

aminopropyltriethoxysilane-functionalized 

lignocellulosic coconut pith 

261.36 4 2 3 [20] 

P(Penta3MP4/PEG-DA/HEMA） 45.19 0.5 2 3 [21] 

Tetraalkyl phosphonium chloride 140 1 2 4 [22] 

2,2-dimethoxy-2-phenylacetophenon 118.81 5 5 4 [23] 

Fe3O4@SiO2-SH 84.75 5 4 5 [24] 

Aliquat-336-impregnated alginate capsule 191.92 1 2 4 [25] 

nanosilica with guanidinium ionic liquids 120.56 5 2.5 5 [26] 

ZT-MOF 333.34 7 8 4 This work 
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In this study, adsorption isotherms can be used to obtain some important data and 

to understand the adsorption process. The Langmuir, Freundlich and Hill isotherm 

models were used to fit the experimental data. Langmuir is used for single-layer 

adsorption and can be described as the dynamic equilibrium between adsorption and 

desorption of single layer phase points on the surface of the adsorbent(Eq3). The 

Freundlich model was used for multilayer adsorption. It is described that the 

adsorption of multiple layers at different phase points is different(Eq 4). The Hill 

model is used for adsorption of different adsorbed species on the surface of the 

adsorbent. It can be used to describe the synergy between a single ligand and different 

phase points on the same surface (Eq 5). The isothermal adsorption models are 

described as the following equations: 

1

𝑞𝑒
=

1

𝑞𝑚
+

1

𝐾𝐿𝑞𝑚
.
1

𝐶𝑓
                                         (3) 

ln𝑞𝑒 = 𝑙𝑛𝐾𝐹 +
1

𝑛
𝑙𝑛𝐶𝑓                                      (4) 

𝑞𝑒 =
𝑛𝑁𝑚

1+(
𝐶1/2

𝐶𝑓
)

𝑛                                             (5) 

In the above formula, Cf(mg/L), qe(mg/g) and qm(mg/g) are equilibrium 

concentrations, equilibrium adsorption capacity and maximum adsorption capacity. 

KL, KF, KG are the constants of Langmuir, Freundlich and Hill models, n is the 

number of metal ions on per site, Nm(mg/g) represents the density of the receptor site, 

C1/2 (mg/L) and Ce (mg/L) represent the concentration at half equilibrium and 

saturation. 
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Table2 Isotherm parameters of Au(III)
 
adsorption  

Isotherm models Parameters Valu 

Langmuir 

 

 

Freundlich 

 

 

Hill 

qmax 

KL 

R
2
 

KF 

n 

R 

q0 

C1/2 

n 

R
2
 

333.34 

0.029 

0.851 

51.61 

3.203 

0.983 

0.312 

2.15 

0.25 

0.921 

Fig 3 (b-d) is a linear fit of the three isotherm models, and the fit data is shown in 

Table 2. It can be seen from the figure that the order of the fitting coefficient R
2
 of the 

three isothermal models is R
2

Freundlich> R
2

Hill> R
2

Langmuir. From the point of view of the 

fitting coefficient, the Freundlich model is more in line with the adsorption process. 

This indicates that the adsorption process of Au(III) in ZT-MOFs is a heterogeneous 

multi-layer adsorption process. Because its binding sites are unevenly distributed on 

the ZT-MOFs. For KF, the magnitude of the n value indicates the adsorption capacity 

of the adsorbent for Au(III). In general, the larger the value of KF, the greater the 

adsorption capacity of the adsorbent for Au(III). For the value of n, when 1 < n < 10, 
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it is advantageous for the occurrence of the adsorption process. The larger the value of 

n, the stronger the adsorption capacity. In Table 2, n=3.203. It indicates that 

ZT-MOFs has strong adsorption capacity for Au(III). 

3.4. Effect of adsorbing time and adsorption kinetics 

 

Fig.5 Effect of absorbing time (a). Linearized kinetics model for gold adsorption 

on ZT-MOFs: (b) pseudo-first-order model,(c) pseudo-second-order model and 

(d)intraparticle diffusion model 

The adsorption speed is one of the important factors to evaluate the adsorbent 

properties. Fig. 5(a) shows the effect of time change on the adsorption rate. As shown 

in Fig. 5(a), it can be seen that the adsorption process is divided into three stages. In 
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the first 60 min, the adsorption rate is very fast. The removal rate reached 57% due to 

the rich adsorption sites on the surface of the adsorbent in the initial stage. In the 

period of 60 to 480 minutes, the adsorption rate also increases gradually with time and 

the removal rate only reaches 91%. Because the active site on the surface of the 

adsorbent is covered. The adsorption process of Au(III) by ZT-MOFs reaches 

equilibrium in about 480 min, and the maximum adsorption amount reach 182 mg/g at 

pH=7.0. It is usually necessary for most reported sewage treatment materials to reach 

equilibrium in a few days. Thus, it can be seen that the ZT-MOFs adsorbent has the 

advantage of rapidly removing gold ions and is also superior to other adsorbent 

materials. 

For the above dynamics part, pseudo-first-order dynamics model (6), 

pseudo-second-order dynamic model (7) and intra-particle diffusion model (8) can be 

used for data analysis. The model can be expressed by the following formulas 

𝑞𝑡 = 𝑞𝑒(1 − e−𝐾1t)                                      (6) 

𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2 +

𝑡

𝑞𝑒
                                           (7) 

𝑞𝑡 = 𝐾3𝑡
1

2 + 𝐶                                          (8) 

In the above formula, qe(mg/g), qt(mg/g) and t(min) are the adsorption capacity 

at equilibrium time, the adsorption capacity at any time and the adsorption time. 

Among them, K1, K2 and K3 are the invariant parameters of the three adsorption 

kinetic models. The linear fit of the data is shown in Fig. 4(b-d) 
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Table 3 The parameters of the kinetics models 

Kinetics model Parameters Values 

Pseudo-first-order 

 

 

Pseudo-second-order 

 

 

Intraparticle diffusion  

K1 

R
2
 

qe 

K2 

R
2
 

qe 

K3 

R
2 

C 

0.13 

0.52122 

142.52 

0.000227 

0.96 

173.61 

4.21 

0.93253 

81.1 

The pore diffusion rate is a control step in the pseudo first order model. The 

adsorption rate control step is chemisorption in a pseudo-secondary model. 

Intraparticle diffusion models include porous diffusion and surface diffusion. Fig.5 

(b-d) are linear fit data for the three models, and Table 3 gives data for the three 

models. The order of the linear fitting coefficient (R
2
) in the three models is the 

pseudo second order (0.96) intraparticle diffusion (0.93) pseudo first order (0.52). The 

calculated second-order model equilibrium adsorption amount (qe) is about 172 mg / g, 

which is larger than the pseudo first-order model. It can be inferred that the adsorption 

process of Au(III) by ZT-MOFs is more in line with the pseudo second-order kinetic 

model. It is indicated that the adsorption process of Au(III) by ZT-MOFs is chemical 
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adsorption. The intraparticle diffusion process is divided into three steps: mass 

transfer, adsorption and diffusion. As shown in Fig5 (d). Step (I) is dominated by the 

process of external mass, so the diffusion within the particles is faster, so that the 

mass transfer process is completed in a short time. Step (II) is the adsorption process 

of Au(III) on the surface of ZT-MOFs. Therefore, adsorption and diffusion are the 

main control steps. As the binding site of the ZT-MOFs surface gradually decreases, 

the adsorption rate becomes slow and eventually reaches equilibrium in step (III). 

Combined with the data, it can be judged that the adsorption restriction step of 

ZT-MOFs on Au(III) is chemical adsorption. 

3.5 Reusability and practicality of ZT-MOFs 

Repeatability is an important property of adsorbents. 50 mg of ZT-MOFs was 

placed in a 100 ml centrifuge tube, 50 ml of a gold ion solution having a 

concentration of 200 ppm also was added. The mixture was shaken at 25 ℃ for 24 h 

in a constant temperature shaking box. The supernatant was acquired by centrifugal 

separation, and the remaining Au(III) concentration was measured. The residual solid 

was added to 10% pure thiourea(50 ml) and placed in a constant temperature shaking 

box and shaken at 25 ℃ for 24 h. After centrifuged and washed five times with 

distilled water. The second adsorption test was carried out. This process was repeated 

4 times. The adsorption amount and removal rate of Au(III) are shown in Fig. 6(a). It 

can be seen from the data that the removal rate of the four repeated adsorption and 

desorption Au(III) is only decreased by 7%. Table 1 lists also the regeneration times 
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of adsorbent reported in the literatures. The regeneration times of ZT-MOFs is higher 

than these of adsorbent reported in the literatures. Therefore, the use of this adsorbent 

can significantly reduce the cost due to its higher adsorption capacity and more 

renewable cycles. 

 

Fig.6 Practicality(a) and Repeatability(b)and of the ZT-MOFs  

In order to evaluate the practicality of ZT-MOFs and better use it in industrial 

production, wastewater from laboratories was used. First, the pH of the wastewater 

was adjusted to 7.0 and ICP-OES is used to determine the type and amount of metal 

ions in the wastewater. Then, 10 mg of ZT-MOFs was added to 10 ml of wastewater. 

The mixture was placed in a constant temperature shaking box and shaken at 25 ℃ 

for 24 h. The mixture was separated by centrifugation and the type and content of the 

metal ions in the supernatant liquid were measured by ICP-OES. The data is shown in 

Fig 6(b). It can be seen that ZT-MOFs hardly adsorbs other kinds of metal ions. At the 

same time, ZT-MOFs has an extremely high selectivity for Au(III). 

The affinity and selectivity of ZT-MOFs for Au(III) was investigated by using 

the partition coefficient (Kdc) and the selectivity coefficient (k). When the value of 
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Kdc is large, it indicates that ZT-MOFs can remove Au(III) well. Conversely, when 

the value of Kdc is small, it indicates that a large amount of Au(III) is still present in 

the solution. The values of Kdc and K obey Eq(9) and (10).[28,29] 

𝐾𝑑𝑐 =
𝑞𝑒

𝐶𝑓
                               (9) 

k =
𝐾𝑑𝑐(𝐴𝑢)

𝐾𝑑𝑐(𝑀𝑖)
                             (10) 

Where Cf(mg/L) represents the remaining concentration; Kdc(Au) represents the 

distribution coefficient of Au(III), and Kdc(Mi) represents the distribution coefficient 

of other ions. 

Table 4 Adsorption results of ZT-MOFs in practical application. 

Metal 

ions 

C0 (mg/L) Cf (mg/L) qe (mg/g) R (%) Kdc (L/g) K 

Au 

Cr 

Sb 

Zn 

Mn 

Mg 

Cd 

As 

Co 
 

50 

0.46 

0.46 

4.61 

9.07 

9.17 

16.34 

16.79 

19.06 
 

0.78 

0.45 

0.46 

4.52 

8.71 

8.69 

16.06 

16.62 

19.05 
 

49.22 

0.01 

0 

0.09 

0.36 

0.48 

0.28 

0.17 

0.01 
 

0.9844 

0.0217 

0 

0.0195 

0.0397 

0.0523 

0.0171 

0.0101 

0.0005 
 

63.103 

0.0222 

0 

0.0199 

0.0413 

0.0553 

0.0174 

0.0102 

0.00053 
 

- 

2842.478 

- 

31711 

1527.919 

1143.177 

3626.610 

6186.570 

120196.29 
 

It can be seen from Table 4 that the Kdc value of Au(III) far exceeds that of the 

interfering ions, and thus it can be proved that ZT-MOFs has the highest affinity for 

Au(III). It can be seen that the K value of Au(III) is larger than that of the interfering 

ions, which indicates that the interfering ions in the wastewater are easily substituted 

by Au(III). Au(III) is in the soft metal ion and has a large affinity with the sulfur 

group. This shows that ZT-MOFs has great potential in practical applications. 

3.6 Adsorption mechanism 
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Fig. 7. XPS spectra of ZT-MOFs, ZT-MOFs-Au (a); Au4f spectra of 

ZT-MOFs-Au (b); S 2p spectra of ZT-MOFs before adsorption (c) 

and after adsorption (d). 

Fig. 7 shows the spectrum of XPS of ZT-MOFs and ZT-MOFs-Au. The peak of 

Au can be clearly observed in Fig.7 (a). The peak corresponds to Au4f in Fig 7 (b), 

indicating that Au(III) is absorbed by the ZT-MOFs adsorbent. It can be seen from 

Fig 7 (b) that the peaks at 84.36 eV (Au 4f7/2) and 87.36 (Au 4f5/2) corresponded to 

Au (III)[30,31]. Because there is no absorption peak of Au
0
 in the figure, it can be 

determined that the adsorption mechanism of ZT-MOFs is a coordinated interaction. 

Fig. 5(c) is a high-resolution spectrum of Sp1/2 and Sp3/2 before ZT-MOFs adsorbs 
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Au(III). The binding energy was 162.35 eV for Sp3/2 and 163.55 eV for Sp1/2. In Fig. 

7(d), the peak value of Sp1/2 becomes 162.73 eV and 164.43 eV[32,33]. The increase 

of binding energy is attributed to the interaction between ZT-MOFs and Au(III). 

Therefore, it can be explained that S is related to Au(III) when ZT-MOFs adsorbs 

Au(III). 

4. Conclusions 

A trithiocyanuric-Zr based MOFs adsorbent was successfully synthesized for 

recovering Au(III) from solution. The synthesis of ZT-MOFs can be proved by FT-IR 

and Raman spectra. ZT-MOFs are porous material with higher specific surface area. 

ZT-MOFs is stabile in the range of pH from 1 to 9. ZT-MOFs can effectively adsorb 

Au(III) from solution at pH 7. The maximal adsorption capacity of Au(III) on 

ZT-MOFs is 333.34 mg/g. The adsorption process followed the pseudo-second-order 

kinetics and Freundlich isotherm models, indicating the adsorption of Au(III) was a 

heterogeneous multi-layer chemadsorption. ZT-MOFs can be regenerated at least 4 

cycles, and the adsorption capacity slightly decreased with the increase of the 

regenerated cycles. ZT-MOFs selectively adsorbed Au(III) from wastewater. The 

adsorption effect comes from coordination between Au(III) and the function groups of 

ZT-MOFs. The present work indicate that ZT-MOFs is very promising for the 

extraction of Au(III) from wastewater. 
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Highlights 

1. A novel Zr-based MOFs adsorbents was prepared by one-step method. 

2. Adsorbent shows good reusability and selectivity for Au(III). 

3. Adsorption mechanism was chelation. 

4. Adsorbent separated successfully Au(III) from the laboratory wastewater. 
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