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Introduction

Harmful organic compounds with stable physicochemical properties cause more and more threaten of the safety and health of lives. For instance, the 4,4'-Isopropylidenediphenol known as Bisphenol A (BPA) is classified as one 1B reprotoxic substance, which results in a serious pollution to the environment as well as threaten of human health. [START_REF] Rochester | Bisphenol A and human health: a review of the literature[END_REF][START_REF] Erler | Bisphenol a exposure: human risk and health policy[END_REF][START_REF] Cimmino | Potential mechanisms of bisphenol A (BPA) contributing to human disease[END_REF] Accordingly, numerous remediation technologies had been adopted such as adsorption and electrochemical treatment. [START_REF] Hernández-Abreu | Effective adsorption of the endocrine disruptor compound bisphenol a from water on surfacemodified carbon materials[END_REF][START_REF] Samarghandi | Enhanced electrocatalytic degradation of bisphenol A by graphite/β-PbO2 anode in a three-dimensional electrochemical reactor[END_REF] Among these methods, advanced oxidation processing (AOP) is considered as one of most promising ways due to the easy operation, strong oxidizing ability and the avoidance of secondary pollution. [START_REF] Shang | Single-atom catalysis in advanced oxidation processes for environmental remediation[END_REF] Thus, from the previous work, it is suggested that the AOPs based on the sulfate radical (SO4 •-) that is generated from peroxymonosulfate (PMS) or peroxydisulfate (PDS) attract much more research interests because of the low price, good chemical stability and high oxidation ability. [START_REF] Giannakis | A review of the recent advances on the treatment of industrial wastewaters by Sulfate Radical-based Advanced Oxidation Processes (SR-AOPs)[END_REF][START_REF] Lin | Is sulfate radical a ROS?[END_REF] However, it was worth mentioning that the catalysts were required for activation of PMS or PDS. Therefore, it was discovered that the transition metal ions or oxides (e.g., Mn, Fe and Co) could effectively activate PMS or PDS. However, compared with the metal ions, the metal oxides as heterogeneous catalysts demonstrated various advantages such as high activity and easy-recovery. [START_REF] Zhou | Transition metal catalyzed sulfite autooxidation systems for oxidative decontamination in waters: A state-of-the-art minireview[END_REF][START_REF] Wang | Activation of persulfate (PS) and peroxymonosulfate (PMS) and application for the degradation of emerging contaminants[END_REF] Among the metal oxides, the Co3O4 based catalysts were evidenced that they could efficiently activate the oxidants to generate the radicals. Thus, different strategies were developed to prepare Co3O4 and Co3O4 based composite oxides. [START_REF] Liang | Activation of peroxymonosulfate (PMS) by Co3O4 quantum dots decorated hierarchical C@Co3O4 for degradation of organic pollutants: Kinetics and radical-nonradical cooperation mechanisms[END_REF][START_REF] Bai | Nest-like Co3O4 and PdOx/Co3O4 synthesized via metal organic framework with cyclodextrin for catalytic removal of Bisphenol A by persulfate[END_REF] Notably, in recent years, the research concerning cobalt based organic frameworks attracted lots of interest and attention, which was due to their high specific surface area, regular shape and rich derivatives. [START_REF] Zhong | The application of ZIF-67 and its derivatives: adsorption, separation, electrochemistry and catalysts[END_REF][START_REF] Bibi | Synthesis and applications of metal oxide derivatives of ZIF-67: a mini-review[END_REF] For example, ZIF-67 solids synthesized by cobalt ions and 2-methylimidazole were widely employed to prepare Co3O4 based composites, which were confirmed to be effective for PDS and PMS activation and for further degradation of harmful organic compounds. [START_REF] Chen | Catalytic ozonation of norfloxacin using Co3O4/C composite derived from ZIF-67 as catalyst[END_REF][START_REF] Bai | Tunable synthesis of cagelike Co3O4/N-C composite and nest-like Co3O4 for oxidative degradation of Bisphenol A[END_REF][START_REF] Zhang | Metal-organic framework Co3O4/C@SiO2 yolk-shell nanoreactors with enhanced catalytic performance[END_REF] These works indicated the promising application of cobalt based organic frameworks for synthesis of functional materials and water disposal.

On the other hand, it was also found that the hollow structure of Co3O4 based composite facilitated the mass exchange during the reaction and led to an enhanced catalytic performance. [START_REF] Khan | Metal-organic framework-derived hollow Co3O4/carbon as efficient catalyst for peroxymonosulfate activation[END_REF] Besides, the growth of ZIF-8 on ZIF-67 could result in the formation of hollow ZnO-Co3O4/N-C cages with smaller Co3O4 nanoparticles and an increase of the catalytic activity was observed. [START_REF] Bai | ZnO-Co3O4/N-C cage derived from hollow Zn/Co ZIF for enhanced degradation of Bisphenol A with persulfate[END_REF] Moreover, the doping of NiOx on the Co3O4 from the ZIF-67 could promote the catalytic performance in gas phase for toluene oxidation and BPA oxidation in aqueous solution. [START_REF] Cong | The insight into the degradation of emerging organic pollutants by peroxydisulfate activated with Co3O4@ NiO: Role of each component and catalytic mechanism[END_REF][START_REF] Qu | Construction of Pd-Modified NiCoOx Hollow Nanospheres with Surface Hydroxyls and Oxygen Vacancies for Highly Enhanced Catalytic Toluene Oxidation Activity[END_REF] Based on the above study, hollow ZIF-8/ZIF-67 was used to impregnate with nickel nitrate via ion change and leaching to obtain the precursors, which were then calcined in air. The results suggested that the formation NiCo2O4-Co3O4-ZnO/N-C cage was observed and the catalytic results confirmed that a better activation of PDS for the degradation of BPA was evidenced in comparison with the referenced catalysts. From the structure and composition information, it was suggested that the advantages of this composite could be hollow structure and synergistic effect between the components in the composite.

The present work aims to develop stable and highly-active catalysts for PDS activation as well as provide an example for the application of hollow composite oxides derived from MOFs for the insight of synthesis of functional materials and environmental remediation.

Experimental

Synthesis of samples ZIF-67 and hollow ZIF-8/ZIF-67 were synthesized according to a previous work. [START_REF] Bai | ZnO-Co3O4/N-C cage derived from hollow Zn/Co ZIF for enhanced degradation of Bisphenol A with persulfate[END_REF] Ni doped ZIF-8/ZIF-67 solids were synthesized as following: 120 mg ZIF-8/ZIF-67 and 30 mg Ni(NO3)2 . 6H2O were added into 15 mL ethanol under ultrasonic treatment for 5 min and stirred for 6 and 12 h, respectively. These samples were denoted as Ni-ZIF-8/ZIF-67 (6 h) and (12 h). Besides, Ni doped ZIF-67 was prepared as the above for stirring 6 h, which was named as Ni-ZIF-67.

The Ni doped samples were calcined at 603 K for 2 h with a heating rate of 1 K . min - 1 in air in a Muffle furnace. After calcination, the Ni-ZIF-8/ZIF-67 (6 h), (12 h) and Ni/ZIF-67 were denoted as NZC/N-C-6, -12 and NC/N-C for simplicity, respectively.

The cobalt and nickel content in each sample were determined as shown in STable 1.

Characterization

X-Ray Diffraction (XRD) was performed on an XRD-6000 X-ray diffractometer (XRD, SHIMADZULIMITED Corp.) with a scanning rate of 20 o. min -1 . Transmission electron microscopy (TEM) was performed using a JEOL JEM-2010. Field-Emission Scanning Electron Microscope (FE-SEM) was performed by Hitachi-4800. Highresolution transmission electron microscopy (HRTEM) and High-angle annular darkfield detector scanning-transmission electron microscope (HAADF-STEM) were performed on JEOL 2100, which was operated at 200 KV. X-ray Photoelectron spectra (XPS) were obtained by a Thermo ESCALAB 250 instrument with a monochromatic Al Kα (hv = 1486.6 eV) X-ray source. The metal content was determined by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-AES) analyses, which were performed at Agilent ICP-OES 720ES. Chronoamperometry, linear sweep voltammetry (LSV) and Electrochemical Impedance Spectroscopy (EIS) were performed by a threeelectrode system on a CHI 660E dual channel electrochemical workstation. During the test, the platinum wire and a saturated calomel electrode (SCE) were used as the counter and reference electrode, respectively. Ultraviolet-visible (UV-vis) absorption spectra of the solutions were recorded on a Shimadzu UV-2600 spectrophotometer. The electron paramagnetic resonance (EPR) measurement was investigated on the Bruker A300 spectrometer (Bruker, Germany) with 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as the free radical scavenger. Total organic carbon analysis was performed by Shimadzu TOC-4200.

Preparation of electrodes for electrochemical test 4 mg of the solids were dispersed in a 0.5 mL solution containing 0.49 mL N, N-Dimethylformamide and 0.01 mL Nafion (5 wt.%), respectively and the mixtures were treated under ultrasonication for 1 h to obtain the inks. Then, 10 μL of the ink was dropped on the glass carbon electrode with a diameter of 5 mm, which was dried at room temperature before use. The electrochemical properties of the samples were studied by using a three-electrode system on a CHI 660E dual channel electrochemical workstation, where the platinum wire as counter and a saturated calomel electrode (SCE) as reference electrode were used in a negative analysis mode.

Catalytic tests

Typically, 10 mg catalyst was dispersed in 50 mL aqueous solution containing 20 ppm BPA by ultrasonication for 5 min. The reaction solution was under stirring at 303 K for 20 min to achieve the adsorption-desorption equilibrium and then, 20 mg K2S2O8 was added into the solution. At certain time, 1.5 mL of the solution was draw and transferred into a tube containing 1.5 mL methanol. After centrifugation at 10000 rpm for 2 min, the solution was analyzed by UV-vis spectroscopy.

The influence of radical scavengers and pH on the degradation reaction was studied by the above procedure. The average data were used by performing each test for three times. Besides, the reusability of the catalyst was investigated for three successive runs by collecting the solid with centrifugation and washed by distilled water for twice before further use.

Results and discussion

XRD patterns of the ZIF-67 and ZIF-8/ZIF-67 were displayed in SFig.1. As shown by the patterns, the growth of ZIF-8 on the ZIF-67 did not modify the crystal structure, possibly due to the isoreticularty and matching lattice parameters of ZIF-8 and ZIF-67. Furthermore, XRD patterns in Fig. 1A suggested that the peaks at about 7.5, 10.2 and 12.5 o were ascribed to the (110), ( 002) and (112) crystal faces of ZIF-67, respectively. [START_REF] Wang | Designing ZIF-67 derived NiCo layered double hydroxides with 3D hierarchical structure for Enzyme-free electrochemical lactate monitoring in human sweat[END_REF] After introducing the nickel nitrate, no obvious changes were observed as shown in Fig. 1a-c for Ni-ZIF-67, Ni-ZIF-8/ZIF-67-6 and -12, which was possibly resulted from the low amount of nickel nitrate used during the preparation of the precursors. However, after calcination, the peaks corresponded to ZIF-67 and ZIF-8/ZIF-67 disappeared, due to the decomposition of organic ligands as present in Fig. 1d-f. First of all, the broad peak located at about 20 o in the samples was corresponded to the amorphous carbon derived from 2-methylimidazole. In the NC/N-C, the peaks corresponded to Co3O4 (JCPDF No. 43-1003) were observed and no peaks due to the ZnO were noticed. It was worth mentioning that the peaks corresponded to the Co3O4 and ZnO (JCPDF No. 36-1541) were observed from NZC/N-C-6 and NZC-N-C-12.

However, due to the close position of the diffraction peaks, it was difficult to distinguish the NiCo2O4 phase in the two composites. It was worth noting that the intensity of the peak at 44.9 o of NZC/N-C-6 was much lower than that of NC/N-C and NZC-N-C-12, indicating a smaller size of Co3O4 or NiCo2O4 obtained in NZC/N-C-6. The solutions after impregnation process were collected by centrifugation and the color was displayed in SFig.2. It was observed from SFig.2A that the slightly purple solution indicated the very slight dissolution of ZIF-67 in ethanol. After impregnation with nickel nitrate, the rose red color was noticed in SFig.2B, strongly suggesting that the leaching of Co 2+ ions and the ion exchange was occurred during the impregnation process. However, for the ZIF-8/ZIF-67 composite, the solution was colorless as shown in SFig.2C and it was implied that the Co 2+ ions in the ZIF-8/ZIF-67 was nearly no loss during the impregnation. It was reasonable that the previous work confirmed the ZIF-8/ZIF-67 was core-shell structure and the exterior was ZIF-8 and thus, the leaching ions could be Zn 2+ ions. [START_REF] Bai | ZnO-Co3O4/N-C cage derived from hollow Zn/Co ZIF for enhanced degradation of Bisphenol A with persulfate[END_REF] Clearly, the above observation evidenced the impregnation process was related with ion exchange and cobalt or zinc leaching.

As an illustration, the morphology of ZIF-67 and ZIF-8/ZIF-67 before and after impregnation of Ni precursor as well as after calcination was observed by FE-SEM. As displayed in Fig. 1B (a-c), for the ZIF-67, a relatively smooth surface of ZIF-67 turned to be coarse after reacting with nickel nitrate. The color of the supernatant as shown in SFig.2B strongly confirmed the exchange of nickel ions with cobalt ions in ZIF-67.

After calcination, the Ni/ZIF-67 was transformed the corresponded oxide and due to the existence of organic ligands, broken structure was noticed. On the other hand, for the ZIF-8/ZIF-67 used as precursor, from Fig. 1B (d-f), after interacting with the nickel nitrate, the smooth surface of ZIF-8/ZIF-67 became also coarse, indicating that the reaction between the two components was occurred. The recovered liquid was nearly colorless and confirmed the less loss of cobalt ions and the above observation was reasonable because the exterior of ZIF-8/ZIF-67 was ZIF-8 composed by zinc ions. [START_REF] Bai | ZnO-Co3O4/N-C cage derived from hollow Zn/Co ZIF for enhanced degradation of Bisphenol A with persulfate[END_REF] Besides, the further thermal treatment resulted in the decomposition of ligands and the formation of cage-like structure.

For further information of the composition and structure, the NZC/N-C-6 was further investigated by HRTEM and HADDF-STEM. As shown in Fig. 2A,a The surface information of the samples before and after calcination was investigated by XPS and the results were shown in Fig. 3. The full XPS spectra of the Ni-ZIF-8/ZIF-67-6 and NZC/N-C-6 confirmed the existence of C, N, Co, Ni and Zn in the precursor as shown in SFig.3. As displayed in Fig. 3A, a difference value (6 eV) of binding energy was observed in the Ni-ZIF-8/ZIF-67-6 between the XPS peak of Co 2p3/2 and its satellite peak suggested that the main specie was Co (II). [START_REF] Bai | Transformation of Co(OH)2/ZnO to Co3O4-ZnO/N-C composite via MOFs for enhanced Bisphenol A degradation[END_REF] After calcination, the difference value was changed to be 10.3 eV, confirming the presence of Co (III) and the formation of Co3O4 in the NZC/N-C-6 composite. [START_REF] Bai | Transformation of Co(OH)2/ZnO to Co3O4-ZnO/N-C composite via MOFs for enhanced Bisphenol A degradation[END_REF] For the Ni 2p spectra in Fig. 3B, it was demonstrated that the peaks with the binding energy of 854.9 and 872.6 eV were due to the Ni2p3/2 and Ni 2p1/2, respectively, with the satellite peaks. These binding energies evidenced the presence of Ni(II) in the Ni-ZIF-8/ZIF-67-6 during the impregnation process and no oxidation of Ni(II) was observed. [START_REF] Peck | Comparison of nanoscaled and bulk NiO structural and environmental characteristics by XRD, XAFS, and XPS[END_REF] However, after calcination, the peaks at 853.6 and 871.6 eV were attributed to Ni(II) species, whereas the peaks at 855.1 and 872.7 eV corresponded to Ni(III) species were also observed. [START_REF] Xue | Ni foam-supported ZnO nanowires and Co3O4/NiCo2O4 double-shelled nanocages for efficient hydrogen peroxide detection[END_REF] For N1s XPS spectrum in SFig.4, one main peak at 398.8 eV for N1s spectrum of Ni-ZIF-8/ZIF-67-6 was observed. After calcination, the characteristic peaks at 398.1, 399.1 and 400.6 eV were corresponded to pyridinic N (containing N-Co and N-C), pyrrolic N and graphitic N, respectively. [START_REF] Bai | ZnO-Co3O4/N-C cage derived from hollow Zn/Co ZIF for enhanced degradation of Bisphenol A with persulfate[END_REF] In the previous work, it was discovered that the electrons transfer was key process for the degradation reaction. [START_REF] Ahn | Surface-loaded metal nanoparticles for peroxymonosulfate activation: Efficiency and mechanism reconnaissance[END_REF] Thus, the electrochemical analysis was performed to evidence the electrons transfer during PDS activation. As shown in Fig. 3C from chronoamperometry, once PDS was added into the solution, the change of the current density was about 8×10 -4 mA for NZC/N-C-6. For the NC/N-C, the change was about 2.8×10 -4 mA. The change in current density was possibly due to the redistribution of electron density between the catalysts loaded on electrodes and PDS by the course of PDS contacting with the catalysts [START_REF] Zhu | Catalytic Removal of aqueous contaminants on N-doped graphitic biochars: Inherent roles of adsorption and nonradical mechanisms[END_REF]. The further addition of BPA resulted in the appearance of an obvious peak in current density for both solids, suggesting that the electrons transferred from BPA to catalysts-PDS complex. Moreover, the more intensive peak was observed for the NZC/N-C-6-PDS complex, indicating that the electrons transfer from BPA to NZC/N-C-6-PDS complex was more easily than to NC/N-C. The results from electrochemical impedance spectroscopy (EIS) in Fig. 3D suggested that the as-prepared NZC/N-C-6 demonstrated a smaller semicircle diameter than NC/N-C, implying the decreased charge transfer resistance of and enhancement of the electron transfer in the NZC/N-C-6. The above results indicated that the NZC/N-C-6 had s superior conductivity and a faster electron-transfer performance [START_REF] Wang | Activating peroxydisulfate with Co3O4/NiCo2O4 double-shelled nanocages to selectively degrade bisphenol A-A nonradical oxidation process[END_REF]. This observation was in accordance with the trend of BPA degradation in the presence of NZC/N-C-6 and NC/N-C, implying that the enhanced oxidative degradation on NZC/N-C-6 might be resulted from the fasted electron transfer and better electron conductivity. Additionally, an obvious increase of current toward the NZC/N-C-6 electrode in linear sweep voltammetry (LSV) plot with the addition of PDS as displayed in SFig.5, indicating the formation of metastable reactive complex via the interaction between PDS and NZC/N-C-6. Moreover, the subsequent addition of BPA initiated a further increase in the current, indicating the accelerated electron transfer on the NZC/N-C-6 surface loaded on from BPA to the surface confined reactive species.

Accordingly, it was inferred that BPA could act as an electron donor and on the other hand, NZC/N-C-6 solid with its high conductance could act as an electron transfer mediator, and metastable reactive complex acted as an electron acceptor [START_REF] Zhu | Catalytic Removal of aqueous contaminants on N-doped graphitic biochars: Inherent roles of adsorption and nonradical mechanisms[END_REF]. It was proposed that when the electron-rich BPA molecules approached the activated PDS, a ternary system of electron donor (BPA)-mediator (NZC/N-C-6)-acceptor (metastable complex) was formed, where the NZC/N-C-6 as catalyst could act as electron transfer mediator to accelerate electron transfer from BPA to PDS.

Finally, the calcined samples were employed as catalysts to activate the PDS for the BPA degradation. First of all, without PDS or catalysts, nearly no degradation of BPA molecules was observed as suggested by the degradation rates of zero. After introducing the NC/N-C, NCZ/N-C-6 and NCZ/N-C-12 into the reaction, as shown in Fig. 4A based on SFig.6A, the degradation rates were estimated to be 0.07, 0.42 and 0.31 min -1 with a good linear relationship (as indicated by linear correlation coefficient, R 2 ) based on the persodu-first order reaction [START_REF] Bai | Nest-like Co3O4 and PdOx/Co3O4 synthesized via metal organic framework with cyclodextrin for catalytic removal of Bisphenol A by persulfate[END_REF]. Notably, the long impregnation time led to a decrease of the activity, which could be possibly due to the more leaching of cobalt ions. Then, the NCZ/N-C-6 was used for another two runs as displayed in Fig.

4B and the degradation rates were 0.38 and 0.36 min -1 from SFig.6B, indicating a good reusability of the sample. Furthermore, the influence of the different additives and pH were investigated as shown in Fig. 4C andD. It was found that the introduction of methanol, TBA and NaCl could lead to a decrease of degradation rate to some extent, as indicated by the degradation rates of 0.312, 0.31 and 0.351 min -1 as displayed in SFig.6C. It was known that methanol is an effective quencher for both •OH and SO4• -, and TBA is usually used as a chemical probe for •OH. These could be due to the formation of less active species between Cl -with •OH and SO4 .-as well as slight consumption of . OH by TBA. [START_REF] Wang | Activating peroxydisulfate with Co3O4/NiCo2O4 double-shelled nanocages to selectively degrade bisphenol A-A nonradical oxidation process[END_REF] Notably, in the presence of NaHCO3, a significant decrease of the catalytic performance was noticed (0.007 min -1 ). It was suggested by the previous work, the inhibitory effect of NaHCO3 could be interpreted as HCO3 - greatly scavenging SO4 .-and HO . and result in the formation of weak active radicals (HCO3 . and CO3 .-) as well as increase of pH. [START_REF] Deng | Activation of peroxymonosulfate by metal (Fe, Mn, Cu and Ni) doping ordered mesoporous Co3O4 for the degradation of enrofloxacin[END_REF] The influence of pH on the degradation efficiency was also studied as present in SFig.6D. First of all, when pH was mediated at 12, the degradation rate decreased to 0.173 min -1 , which could result from the fact that the transformation of cobalt oxide into cobalt hydroxide and the selfdecomposition of PDS. Moreover, when pH reached to 2 or 3, the activity of the catalyst was nearly lost possibly due to the SO4• -radicals scavenging. The above observation was also noticed by the previous work. [START_REF] Zhang | Activation of persulfate by Co3O4 nanoparticles for orange G degradation[END_REF] It was discovered that when PDS was used as oxidant, the •OH and SO4• -species could be generated for the organic compound degradation. The EPR spectra in Fig. 5A illustrated the possible active species. First of all, no signals corresponded to •OH and SO4• -were found, which was in accordance with the results that the BPA could not be degraded only in the presence of PDS. When the catalysts were introduced into the reaction system, both •OH and SO4• -species were identified with the characteristic peaks due to the DMPO-HO and DMPO-SO4 adducts, respectively. [START_REF] Yang | Degradation of aquatic sulfadiazine by Fe 0 /persulfate: kinetics, mechanisms, and degradation pathway[END_REF][START_REF] Zhang | Rapid removal of organic pollutants by activation sulfite with ferrate[END_REF] As one can see, the signal of •OH and SO4• -in the presence of NCZ/N-C-6 was much higher than with NC/N-C. Furthermore, the intensity of DMPO-OH signals was much higher than that of DMPO-SO4, which could be resulted from the fast transformation from DMPO-SO4 to DMPO-OH though the nucleophilic substitution as pointed by the previous work. [START_REF] Zhang | Rapid removal of organic pollutants by activation sulfite with ferrate[END_REF] Moreover, Fig. 5(B) shows EPR spectra using TEMPO as a spin trapping agent at 5 min in the reaction system. The characteristic signals of the three-line of TEMPO-1 O2 confirmed that the nonradical reactive specie 1 O2 was generated for the system with the catalysts. The results of EPR evidenced that the 4) and ( 5) [START_REF] Yang | Structure-dependent catalysis of Co3O4 crystals in persulfate activation via nonradical pathway[END_REF] and the whole process was simply described in Fig. 5C. 

CoOH + /NiOH + + S2O8 2-→ CoO + /NiO + + SO4 

•SO4 -+ H2O → HSO4 -+ •OH

CoO + /NiO + + H2O + S2O8 2-→ Co 2+ /Ni 2+ + 2SO4 2-+ O2• -+ 2H + (4) 2O2• -+ 2H2O → H2O2 + 1 O2 (3) 
The possible degradation path of BPA was studied by High-Performance Liquid Chromatography-Electrospray Ionization Mass Spectrometry as described in supporting information. The degraded intermediates were analyzed and it was found that a large number of the intermediates were observed in the reaction solution.

According to the previously reported work, several intermediates with a higher molecular weight than that of BPA were noticed in the mass spectra, which could be due to the oxidative coupling reactions between BPA. With the reaction occurring, the by-products produced from BPA could further be degraded by reacting with the oxidative radicals in the solution to generate the small organic molecules such oxalic acid, alcohol, phenol and so on. Although the intermediates found in the system were various, the confirmed fragments evidenced the decomposition of the BPA molecules.

In order to confirm the reproducibility of the catalyst, the NCZ/N-C-6 was resynthesized and further used to degrade the BPA at 293 K. The results were shown in SFig. 8 and the calculated degradation efficiency was less than 5%. Based on the observation, a good reproducibility of the present catalyst in BPA degradation was evidenced. Finally, the morphology of NZC/N-C-6 after catalytic test was investigated by FE-SEM and as displayed in SFig.9, it was indicated that the hollow cage was almost kept and suggested a good stability of the solid. Finally, the results from Total Organic Carbon and ICP-AES from the reaction solution of NiCo2O4-Co3O4-ZnO/N-C confirmed a high a desirable mineralization (66% of organic carbon removal in 8 min)

and negligible leaching of metal ions (about 0.1 mg . L -1 both for cobalt and nickel ions) as shown in STable 2.

Conclusion

Core-shell ZIF-8/ZIF-67 composite was employed to synthesize Ni-ZIF-8/ZIF-67 via ion exchange and leaching. The calcination of the precursor resulted in the formation of cage-like NiCo2O4-Co3O4-ZnO/N-C composite, which was used as catalyst for the PDS activation and degradation of BPA. It was evidenced that the electron transfer was more easily accomplished in the reaction system. A promoted catalytic activity was ascribed to the hollow structure, the synergistic effect of NiCo2O4 as well as the smaller size of the active species, which facilitated the transportation of molecules and ions as well as the activation of PDS.

Fig. 1 (

 1 Fig.1 (A) XRD patterns of (a) Ni-ZIF-67, (b) Ni-ZIF-8/ZIF-67-6, (c) Ni-ZIF-8/ZIF-67-12, (d) NC/N-C, (e) NZC/N-C-6 and (f) NZC-N-C-12; (B) SEM images of (a) ZIF-67, (b) Ni-ZIF-67, (c) NC/N-C, (d) ZIF-8/ZIF-67, (e) Ni-ZIF-8/ZIF-67-6 and (f) NZC/N-C-6.

  hollow cage structure of the NZC/N-C-6 was noticed. The HRTEM image in Fig.2B displayed the average lattice distance of 0.243 and 0.468 nm, which were corresponded to the (311) crystal face of Co3O4 [JCPDF NO. 43-1003] and (111) crystal face of NiCo2O4 [JCPDF NO. 20-0781], respectively. Although the NiCo2O4 was not detected by XRD, the observation from the HRTEM confirmed the existence of both Co3O4 and NiCo2O4 in the composite. Furthermore, the HADDF-STEM was performed to understand the distribution of the elements in the composite. As present in Fig.2C-G, the Co, Ni, N and O elements were homogeneously distributed and by the overlap map in Fig.2H, the Ni atoms were generally located at the surface of composite, which was in good accordance with the results that the Ni species were introduced by the impregnation on the ZIF-8/ZIF-67 as described above.

Fig. 2

 2 Fig.2 TEM image (A), HRTEM image (B), HADDF-STEM image (C) and elemental distribution of Co (D), Ni (E), N (F), O (G) as well as overlap image of NZC/N-C-6.

Fig. 3

 3 Fig.3 XPS spectra of Co 2p (A) and Ni 2p (B) N1s of Ni-ZIF-8/ZIF-67-6 (a) as well as NZC/N-C-6 (b); (C) Chronoamperometries analysis of the synthesized solids in 0.05 M Na2SO4 solution by adding PDS and BPA and (D) EIS analysis in 0.1 M Na2SO4 + 5 mM K3Fe[(CN)6] solution with frequency of 10 6 -0.01 Hz.

Fig. 4

 4 Fig.4 Average degradation rates (A) over NC/N-C, NCZ/N-C-6 and NCZ/N-C-12; (B) for three consecutive runs over NCZ/N-C-6; (C) over NCZ/N-C-6 with additives; (D) at different pH over NCZ/N-C-6. [R 2 is the correlation coefficient.]

Fig. 5 (

 5 Fig.5 (A) and (B) EPR spectra of (a) without catalyst, (b) NC/N-C, (c) NCZ/N-C-6 as well as (C) the possible degradation mechanism of BPA with NCZ/N-C-6 and PDS.

  [START_REF] Gao | Degradation of bisphenol A through transition metals activating persulfate process[END_REF] Some identified intermediates were proposed based on the mass spectra and displayed in SFig.7. As we can see, the formation of monohydroxylated BPA with a molecular weight (MW) of 244 and dihydroxylated BPA (MW = 264) was observed, possibly due to the hydroxylation (addition) reaction between . OH species. Besides, the hydroxycyclohexadienyl radicals generated by SO4 .-species could result in the formation of quinone of monohydroxylated BPA with a MW of 242 as well as quinone of dihydroxylated BPA (MW = 260). Then, the C-C bonds between the carbonyls of the monohydroxylated BPA were attacked by the continuously generated radicals and the ring-opening reaction was achieved, which led to the formation of the carboxylic acid compound (MW = 276). Meanwhile, the quinone of dihydroxylated BPA was oxidized as indicated by the polyestrone (MW = 257).

  1 O2 specie also participated in the catalytic degradation reaction. First of all, Co 2+ /Ni 2+ ions could serve as Lewis sites and couple with dissociated adsorption of water molecules to produce CoOH + on the surface of Co3O4/NiCo2O4 as shown by Equation1(Eq.1).[START_REF] Cheng | Non-photochemical production of singlet oxygen via activation of persulfate by carbon nanotubes[END_REF] After the addition of PDS, the abundant CoOH + /NiOH + could combine with PDS through Hbond.[START_REF] Ren | Sulfate radicals induced from peroxymonosulfate by magnetic ferrospinel MFe2O4 (M = Co, Cu, Mn, and Zn) as heterogeneous catalysts in the water[END_REF] Immediately, Co 2+ /Ni 2+ ions loses electrons and were oxidized to Co 3+ /Ni 3+ , and the O-H and O-O break concurrently after accepting electrons to generate high reactive •SO4 -(Eq.(2)).[START_REF] Cheng | Non-photochemical production of singlet oxygen via activation of persulfate by carbon nanotubes[END_REF] A part of •SO4 -can further react with H2O to produce •OH as illustrated by Equ.3.[START_REF] Yang | Structure-dependent catalysis of Co3O4 crystals in persulfate activation via nonradical pathway[END_REF] According to the previous work, •OH and O2• -formed in the previous stage could react and generate 1 O2 as shown in Eqs. (
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