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14 Abstract

15 Strategies to incorporate porous coatings on 3D printed devices with intricate geometries are 

16 critical to expanding the scope of application of this type of manufacturing technique. Herein, 

17 the preparation of metal-organic framework (MOF)/polymer dispersions to be applied as 

18 coatings for 3D printed devices is described. As a proof of concept, submicrometric crystals 

19 of a zeolitic imidazolate framework (ZIF-67) were dispersed in a binary mixture comprising a 

20 polymer and an organic solvent. The resulting dispersion is dispensed through the structure 

21 of 3D printed devices, and after gentle heating for a short time, a homogeneous and robust 

22 MOF/polymer mixed-matrix coating (MMC) is formed on the effective area of the 3D printed 

23 device. The developed MOF-MMC procedure is simple, fast, and does not require specific 

24 instrumentation, or synthetic skills. The resulting MOF-MMC 3D printed devices were 

25 evaluated for the peroxymonosulfate activation to enhance the degradation of organic dyes 

26 in water. After a degradation time of 30 min using rhodamine B (5 mg L-1) as a model dye, 
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27 the MOF-MMC 3D printed devices showed excellent reusability and reproducibility, 

28 degrading an average of 97-98% of the rhodamine B after 10 consecutive degradation 

29 cycles comparing three different devices. Dye degradation was evaluated in stirred-tank and 

30 flow-through column formats, demonstrating that the developed MOF-MMC procedure is a 

31 versatile, safe and convenient way to implement micro/nanoparticulated materials for water 

32 pollutant degradation applications.

33

34 Keywords: 3D printing; metal-organic frameworks; mixed-matrix coating; 

35 peroxymonosulfate activation; environmental catalysis

36

37 1. Introduction

38 Additive manufacturing (3D printing) is revolutionizing many fields such as medicine [1], 

39 synthetic chemistry [2], pharmaceutical production [3], energy [4], catalysis [5], microfluidics 

40 [6], sensor fabrication [7, 8], or the development of novel analytical technologies [9, 10]. The 

41 search for 3D printable materials with improved features is an active field of research [11]. 

42 However, the small surface area of polymer-based 3D printable materials is one of the 

43 current bottlenecks to further expand the scope of application of 3D printing.  

44  Metal-organic frameworks (MOFs) are an interesting class of advanced porous 

45 materials based on the coordination of metal centers with organic rigid linkers, resulting in 

46 porous materials that exhibit very high surface areas [12–14]. Among their different 

47 applications [14], MOFs are becoming promising materials for pollutant extraction and 

48 degradation [15–18]. 

49 The development of novel approaches to incorporate MOFs in 3D printed devices is 

50 gaining interest [19-26]. Recent progress has been made by incorporating MOFs in 3D 

51 printed scaffolds by using extrusion-based printers [19-22]. These approaches rely on MOF 
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52 incorporation in acrylonitrile butadiene styrene filaments [19], the use of MOF-bentonite clay-

53 poly(vinyl alcohol) extrudable pastes [20], the preparation of MOF-based extrudable inks 

54 using Pluronic F127 [21], or the preparation of hybrid hydrogels based on MOF anchored on 

55 oxidized cellulose nanofibers [22]. MOFs have been also dispersed in 3D printable resins, 

56 followed by MOF embedding using Digital Light Processing techniques [23]. The embedding 

57 of the MOF crystals in the 3D printed polymer support, which generally takes place when 

58 using the above mentioned procedures to incorporate MOFs to 3D printed devices, was 

59 circumvented by the post-printing partial dissolution of the 3D printed polymer in an 

60 appropriate organic solvent, which allows to expose part of the initially obstructed 

61 micropores of the embedded MOF [24]. Alternatively, MOFs have been in situ grown by a 

62 post 3D printing layer-by-layer approach on already preformed 3D printed devices [25, 26], 

63 or attached on the surface of partially fused polymer particles, by using Selective Laser 

64 Sintering, remaining accessible to fluids passing through the 3D printed device [27]. 

65 However, approaches to coat just the effective area of 3D printed devices in a fast and 

66 efficient way have not been reported to date. Such approach would be desirable to 

67 incorporate porous coatings on intricate 3D printed devices with a large size, such as 

68 integrated packings [28, 29], or membranes [30, 31]. Recent efforts to position functional 

69 materials on the effective surface of 3D printed devices include the immobilization of 

70 polyoxometalates via polymer surface modification for water decontamination [32], or the 

71 direct immobilization of sorbents into stereolithography (SLA) 3D printed devices in the 

72 “green state” [33, 34]. With the latter approach, 3D printed supports for the removal of dyes 

73 from water using hyperporous carbons [33], and the extraction of radionuclides by 

74 immobilized selective beads [34], have been accomplished. However, these approaches rely 

75 on time-consuming surface modification procedures, or they are limited to small sized and 

76 accessible 3D printed structures.

77 The aim of this work is to develop a simple and efficient post-printing approach to 

78 coat 3D printed devices based on intricate geometries with microporous materials. To 
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79 achieve our goal, we explored the use of MOF dispersions in polymer/solvent mixtures 

80 typically used for the preparation of mixed-matrix membranes [35], reaching in this way the 

81 whole effective area of the 3D printed device. To the authors' knowledge, the potential of 

82 mixed-matrix precursors as coatings for 3D printed devices has not been explored yet. As a 

83 proof-of-concept, we have tested the immobilization of submicrometric crystals of the zeolitic 

84 imidazolate framework (ZIF-67) [36], onto SLA 3D printed devices via dispersion in 

85 polyvinylidene fluoride/dimethylformamide (PVDF/DMF) mixtures obtaining a MOF-mixed-

86 matrix coated (MOF-MMC) 3D printed devices. The so prepared coated devices have been 

87 evaluated for the activation of potassium peroxymonosulfate (PMS) to form sulfate radicals 

88 [37], which are strong oxidants capable to degrade organic synthetic dyes from water [38], 

89 whose presence is a concern in industrial areas [39]. In addition, the fabricated MOF-MMC 

90 3D printed devices have been evaluated for the degradation of dye pollutants in both stirred 

91 batch mode and flow-through column format.

92

93 2. MATERIALS AND METHODS

94 2.1. Materials

95 2-methylimidazole (2-MIM) (99%), rhodamine B (95%), malachite green oxalate (95%), 

96 polyvinylidene fluoride (PVDF, MW ∼ 180,000), cobalt nitrate hexahydrate (Co(NO3)2⋅6H2O) 

97 (98%), methyl orange (85%), methylene blue (95%), and potassium peroxymonosulfate 

98 (PMS, OXONE®), were purchased from Sigma-Aldrich. Dimethylformamide (DMF) (99.5%), 

99 methanol (99.8%), and 2-propanol (synthesis grade) were purchased from Scharlab. All 

100 chemicals were used as received without any further purification. Ultrapure water (18.2 MΩ 

101 cm) was obtained from a Milli-Q water generator.
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103 2.2. Instrumentation

104 A Formlabs Form 2 3D Printer and clear photoactive resin (Formlabs Clear V4 (FLGPCL04)), 

105 composed by methacrylate monomers/oligomers and an initiator, were used for device 

106 fabrication. An Upland CL-1000 ultraviolet crosslinker with a 365 nm UV lamp was used for 

107 post-curing the 3D printed devices. Powder X-ray diffraction (PXRD) and micro X-ray 

108 microdiffraction (µXRD) patterns were obtained using Cu Kα radiation on a Bruker D8 

109 Advance diffractometer. Scanning Electron Microscopy (SEM) was carried out using a 

110 Hitachi S-3400N microscope. Nitrogen adsorption–desorption isotherms were measured at 

111 77 K using a TriStar II (Micromeritics) gas adsorption analyzer. The samples were previously 

112 outgassed at 393 K overnight. Data were analyzed by using the Brunauer-Emmett-Teller 

113 model (BET) to determine the specific surface area. The proper experimental range of 

114 relative pressures to apply the BET model was determined following the procedure 

115 described by Rouquerol et al [40]. Absorbance measurements were carried out using a HP 

116 8453 UV-Vis spectrophotometer. 

117

118 2.3. Fabrication of 3D printed devices

119 The design of the 3D printed devices was carried out using the software Rhinoceros 5.0 

120 SR11 32 (McNeel & Associates, USA). The STL files for the 3D printed devices used in this 

121 work are shared in the Supporting Information. The printing time for the basic device based 

122 on a matrix of interconnected cubes (Figure 1a) was 50 min. However, up to 21 devices 

123 were 3D printed simultaneously in just 119 min. These devices were 3D printed vertically 

124 with stand with a resolution of 0.100 mm and 141 layers. Its weight was 100 mg, and just 

125 0.88 ml of resin were required per device, with an approximate cost of 0.13 USD. The 3D 

126 printed devices were rinsed thoroughly with 2-propanol to remove unreacted monomers, 

127 followed by drying at room temperature. UV post-curing was carried out for 4 h at 365 nm.

128



6

129 2.4. Preparation of ZIF-67 

130 ZIF-67 was synthesized according a procedure previously reported in the literature with 

131 minor modifications [41]. Briefly, a solution of 4 mmol of Co(NO3)2⋅6H2O in 100 ml of 

132 methanol was slowly poured into another one of 16 mmol of 2-MIM in 100 ml of methanol. 

133 The resulting mixture was stirred at room temperature for 2 h. The resulting violet solid was 

134 collected by centrifugation and washed repeatedly with ethanol. The obtained crystals were 

135 dried at 60 °C in a conventional oven for 6 h. The yield of the final product was ∼75% based 

136 on the amount of Co(II) added in the synthesis.

137

138 2.5. Immobilization of ZIF-67 in 3D printed devices

139 The preparation of ZIF-67/PVDF dispersions was carried out following the procedure 

140 reported by Denny and Cohen with minor modifications [35]. ZIF-67 crystals (150 mg) were 

141 dispersed in 5 ml of acetone by sonicating for 30 min. The so prepared dispersion was 

142 mixed with 1 g of a PVDF solution (7.5 wt% in DMF) to obtain a ratio of ZIF-67:PVDF of 2:1 

143 (w:w). The resulting mixture was then sonicated for 30 minutes, followed by acetone 

144 evaporation under a gentle nitrogen flow, obtaining a ZIF-67 dispersion in PVDF/DMF, which 

145 was added dropwise (dip-coated, or pumped) onto the 3D printed device (Figure 1b). After 

146 removing the excess of the dispersion by using a gentle nitrogen stream, the 3D printed 

147 device coated with the ZIF-67 dispersion was placed in a convection oven at 60oC for 1 h for 

148 DMF evaporation. Finally, the resulting ZIF-67-MMC 3D printed device was rinsed 

149 thoroughly with 2-propanol observing no leaching of ZIF-67 particles from the device.  

150

151 2.6. 3D printed device for dye degradation in stirred batch-mode 

152 In order to use the 3D printed device for extraction in stirred batch-mode, a thin metallic wire 

153 (0.5 mm diameter, 17.60 mm length) was inserted through the cube interspaces of the 3D 



7

154 printed device. The desired volume of the aqueous dye solution was added to a 250 ml 

155 beaker together with the 3D printed device. The solution was stirred for the desired amount 

156 of time using a stirring plate. Since the ZIF-67 crystals are immobilized onto the 3D printed 

157 device, different aliquots can be taken from the solution and directly measured by UV-vis 

158 spectrophotometry with no need to filter, or centrifugate the solution. After dye degradation, 

159 the 3D printed device was easily retrieved from the aqueous solution using a magnetic stir 

160 bar and rinsed with Milli-Q water before reuse.

161

162 2.7. 3D printed device for dye degradation in flow through column format

163 In the case of the 3D printed column-based flow-through device with integrated packing, the 

164 column was connected to a multisyringe pump equipped with 2 x 5 ml glass syringes. 

165 Syringe 1 contained an aqueous organic dye solution and Syringe 2 contained the PMS 

166 solution. Each syringe was connected to a 2-way solenoid valve. The first position of the 

167 solenoid valve was connected to a rhodamine B, or PMS, reservoirs enabling the automatic 

168 syringe refilling. The second position of the solenoid valves were connected to the two inlets 

169 of the column-based 3D printed device. The outlet of the 3D printed column was directly 

170 connected to a UV-vis spectrophotometer using a 1-cm optical pathlength flow cell. 

171 Rhodamine B absorbance was monitored at 553 nm. 

172

173 3. RESULTS AND DISCUSSION

174 3.1. Incorporation of ZIF-67 mixed-matrix coating on 3D printed devices 

175 As starting point, we carried out the synthesis of ZIF-67 following a mild and high yield 

176 synthetic procedure at room temperature, obtaining submicrometric microporous ZIF-67 

177 crystals with a surface area of 1369 m2g-1 (Supporting Information, Figure S1 and Figure S2). 

178 A 3D printed device based on a matrix of interconnected cubes with a diameter of 8 mm and 

179 a height of 5.5 mm was then 3D printed using the SLA technique. Figure 1a shows the 
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180 design of the basic 3D printed device from top and front views and a SEM image of the 

181 surface of a cube located in one of the edges of the device. The different layers of 3D printed 

182 polymer used for the fabrication of the cube can be clearly observed in the SEM image, as 

183 well as the typical smooth surface of the 3D printed device fabricated by SLA. A scheme of 

184 the developed procedure to coat the 3D printed device is shown in Figure 1b. The coating 

185 procedure is simple, fast, and no specialized instrumentation is required. In the first step, 

186 approximately 1 h is required to obtain the dispersion of ZIF-67 in PVDF/DMF. After that, the 

187 resulting dispersion is simply added to the 3D printed device, and after removing the excess 

188 of ZIF-67 dispersion, this one becomes permanently immobilized after heating for 1 h at 

189 60oC. The mechanism of the ZIF-67 coating relies on the solubilization-precipitation of PVDF 

190 in the presence/absence of DMF. Pellets of PVDF are dissolved in DMF obtaining a stable 

191 solution miscible with a ZIF-67/acetone dispersion, which after acetone removal results in a 

192 dense and stable ZIF-67/PVDF/DMF dispersion. The final dispersion is well retained on the 

193 surface of acrylate-based 3D printed devices by dip-coating, or by pumping the dispersion 

194 through the channels of the 3D printed device. By gentle heating of the coated 3D printed 

195 device, DMF is slowly evaporated, becoming the dispersion rich in PVDF. The phase 

196 separation of PVDF is produced, reprecipitating on the surface of the 3D printed device 

197 entrapping the ZIF-67 crystals and obtaining a permanent MMC covering the entire effective 

198 surface of the 3D printed device. Figure 1b also shows a SEM image of a MOF-MMC 3D 

199 printed device. It can be observed that, after coating, the surface of the device is fully 

200 covered with submicrometric ZIF-67 crystals becoming rough, although the layers of the 3D 

201 printed material can still be noticed. 
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202

203 Figure 1.  a) Top and front views of the design of the basic 3D printed device. b) Schematic 

204 representation of the developed method for immobilizing MOF mixed-matrix coatings on 3D 

205 printed devices together with a SEM micrograph of the coated device. 

206

207 To study the reproducibility of the developed coating procedure, 10 replicates of the device 

208 shown in Figure 1a were 3D printed and coated with the same ZIF-67 dispersion. The 

209 average weight of the MOF-MMC after subtracting the weight of the 3D printed polymer 

210 scaffold (100 mg) was 29.6±3.7 mg, representing a device-to-device variation of the amount 

211 of MOF-MMC of a 12.5 wt% (RSD, n= 10). Figure 2a shows the morphology of the cube-

212 based structure of an uncoated 3D printed device. Magnified images of a cube of the 

213 uncoated 3D printed device and a detail of its smooth surface are shown in Figure 2b and 

214 Figure 2c, respectively. Figure 2d shows a SEM image of a cube of the MOF-MMC device 
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215 after applying the developed coating method, where it can be observed a uniform coating 

216 covering entirely the surface of the cube. A magnified image of the surface of a coated cube 

217 (Figure 2e) shows the homogeneous and dense packing of the ZIF-67 crystals. A closer 

218 view of the MOF-MMC device shows clearly the presence of the PVDF polymer matrix 

219 entrapping the submicrometric ZIF-67 crystals (Figure S3). To gain insight into the thickness 

220 of the MOF-MMC, a square rod of 1 mm width and 10 mm length was 3D printed, and 

221 subsequently coated. A SEM image of the cross-section of the coated 3D printed rod shows 

222 that the thickness of the coating is 30 µm (Figure 2f), approximately. 

223

224 Figure 2. SEM images of 3D printed devices: a-c) Uncoated 3D printed device at different 

225 magnification. d-e) MOF-MMC 3D printed device at different magnification. f) Cross-section 

226 image of a cube of a MOF-MMC 3D printed device.

227

228 Figure 3a shows the XRD pattern of the as-synthesized ZIF-67 crystals together with the 

229 µXRD pattern (obtained from the selected areas shown in Figures 3b and 3c) of a 3D printed 

230 device before and after coating with the MOF-MMC. Before coating, the XRD pattern just 

231 shows a broad band corresponding to the amorphous uncoated 3D printed polymer, while 

232 the most intense diffraction bands present in the ZIF-67 diffractogram are also clearly visible 

233 in the µXRD pattern of the coated device. The µXRD experiment was repeated at 3 different 
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234 locations of a MOF-MMC 3D printed device detecting in all instances the presence of ZIF-67 

235 diffraction peaks as shown in Figure 3d, demonstrating the homogenous distribution of the 

236 ZIF-67 crystals on the surface of the MOF-MMC device. 

237

238 Figure 3. Simulated XRD pattern of ZIF-67, XRD pattern of the as-synthesized ZIF-67 

239 crystals, and µXRD patterns of a 3D printed device before and after coating with a MOF-

240 MMC (a). Images of the uncoated (b) and MOF-MMC (c) 3D printed devices showing the 

241 area analyzed by µXRD. Comparison of the µXRD patterns of three different spots of a 

242 MOF-MMC 3D printed device (d). 

243

244 3.2. Degradation of rhodamine B in water

245 Porous crystalline MOFs are promising materials for the highly efficient extraction of 

246 pollutants from water [42], including organic dyes [43], heavy metals [44], or both families of 

247 pollutants simultaneously [45]. In addition, certain MOFs such as ZIF-67, have also shown 

248 promising results as catalysts for the degradation of pollutants from water [37, 46]. To test 

249 the efficiency for the degradation of organic pollutants of the prepared MOF-MMC 3D printed 

250 devices, the oxidation of the rhodamine B dye in water was selected as model experiment. A 

251 basic 3D printed device, as that shown in Figure 1b, was stirred in an aqueous solution of 
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252 rhodamine B in the presence of PMS. As shown in Figure 4, just 10 minutes were required to 

253 completely degrade the rhodamine B solution under the selected experimental conditions, 

254 observing no trace of the dye remaining after degradation (Figure S4). This result was 

255 compared with the same experiment using an uncoated 3D printed device and dispersing 

256 the ZIF-67 crystals in the solution. In this case, just 5 min were required to completely 

257 degrade the rhodamine B (Figure 4), but a laborious and time-consuming centrifugation 

258 process was needed to completely remove the submicrometric ZIF-67 crystals dispersed in 

259 the aqueous medium, which is a critical step to recover the catalyst enabling the safe reuse 

260 of the purified water. However, when the ZIF-67 was immobilized onto the 3D printed device, 

261 it was easily retrieved from the aqueous medium by using an external magnet in a simple 

262 and safe manner, leaving no free ZIF-67 crystals in the medium. In the absence of PMS 

263 (Figure 4), the MOF-MMC 3D printed device just removed a 4% of the rhodamine B after 30 

264 min, which is attributed to the dye adsorption on the coated 3D printed device. In a similar 

265 experiment, in this case in the absence of ZIF-67 (Figure 4), the PVDF coated 3D printed 

266 device just removed a 10% of the rhodamine B, attributed to the dye adsorption on the 

267 PVDF coating and the polymer of the 3D printed device, as well as the possible dye 

268 degradation by the PMS present in the medium. 

269
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270

271 Figure 4. Elimination of rhodamine B based on PMS activation using the ZIF-67-based 

272 MOF-MMC 3D printed device. Comparison with rhodamine B degradation using the MOF-

273 MMC 3D printed device in the absence of PMS, absence of MOF, and using an uncoated 3D 

274 printed device stirring freely dispersed ZIF-67 crystals (20 mg) in the rhodamine B solution 

275 (MOF-bulk). 3D printed devices were stirred at 200 rpm. Weight of added PMS, 20 mg. 

276 Volume of rhodamine B solution, 100 ml. Concentration of rhodamine B solution, 5 mg L-1.

277

278 3.3. Reusability of the 3D printed devices

279 As the reusability of an adsorbent is a crucial factor from the practical application point of 

280 view, the XRD of ZIF-67 was recorded again after rhodamine B degradation (Figure S5), 

281 showing that the crystals structure of the ZIF-67 catalyst was preserved.

282 To ensure the regenerability and the reusability of the MOF-MMC 3D printed devices, 

283 the rhodamine B degradation was repeated 10 consecutive times (Figure 5). Three different 

284 MOF-MMC 3D printed devices were satisfactorily reused for at least 10 rhodamine B 

285 degradation cycles obtaining an excellent reproducibility. Variations of just a 1.4%, 1.6%, 

286 and 2.1% (expressed as RSD, %) were obtained for the three different devices. Besides, 
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287 once the activity began to decrease, the developed MOF-MMC 3D printed devices are 

288 potentially and easily recyclable since the MOF-based coating can be dissolved in acidic 

289 aqueous medium and renewed by applying a new coating cycle with a ZIF-67/PVDF/DMF 

290 dispersion.

291

292 Figure 5. Reusability for 10 consecutive catalytic degradation cycles of rhodamine B using 

293 three different MOF-MMC 3D printed devices. Rhodamine B concentration, 5 mg L-1. Stirring 

294 rate, 200 rpm. Extraction time, 30 min. 

295

296 3.4. Degradation of other organic dyes

297 The efficiency of the MOF-MMC 3D printed devices for the degradation of rhodamine B was 

298 compared with that of other organic dyes. A similar degradation performance for malachite 

299 green, methylene blue and methyl orange was obtained when compared with the 

300 degradation of rhodamine B (Figure 6). In all instances, just 10 minutes were required for the 

301 complete degradation of the selected organic dyes. 
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302

303 Figure 6. Elimination of different pollutant dyes from water using a MOF-MMC 3D printed 

304 device. PMS, 20 mg L-1; dye concentration, 5 mg·L-1. Stirring rate, 200 rpm.

305

306 3.5. Degradation of rhodamine B in flow-through format

307 The basic 3D design based on a matrix of small interconnected cubes (Figure 1a) was 

308 adapted to an integrated packing in column format. The design of the 3D printed column is 

309 shown in Figure 7a, and the corresponding STL file is shared in the Supporting Information. 

310 The 3D printed column was filled with the same dispersion of ZIF-67/PVDF/DMF used for 

311 coating the 3D printed cubes with the aid of a disposable syringe. After removing the excess 

312 of dispersion by passing a gentle nitrogen stream through it, the column with the inlets/outlet 

313 opened was placed inside a conventional oven for 1 h at 60oC. Finally, unreacted monomers 

314 were removed by rinsing with 2-propanol. Once coated, Rhodamine B and PMS solutions 

315 were pumped through the two inlets of the column using a multi-syringe pump. The outlet of 

316 the column was connected to a flow cell with 1 cm optical pathlength for the continuous 

317 spectrophotometric monitoring of the rhodamine B absorbance. 
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318 Pumping the rhodamine B and the PMS solutions at 1 ml min-1, resulted in a total 

319 flow rate of 2 ml min-1 through the MOF-MMC, ensuring enough residence time to 

320 completely degrade a 5 mg L-1 rhodamine B solution (Figure 7b). The system was left to 

321 continuously operate refilling automatically the syringes (5 ml volume) with the rhodamine B 

322 and PMS solutions. At this flow rate, no rhodamine B was detected in the effluent of the 

323 column until pumped a volume of 500 ml of rhodamine B solution through the column, when 

324 a small amount of non-degraded (<0.5 mg L-1) rhodamine B was noticed. The flow rate 

325 through the 3D printed column was increased up to 20 ml min-1, noticing no overpressure 

326 thanks to the 3D printed cubes are sufficiently separated to allow a high-water permeability 

327 through the support. However, as shown in Figure 7b, the rhodamine B breakthrough 

328 increased by increasing the flow rate, from 0% using a flow rate of 2 ml min-1, to almost an 

329 80% by increasing the flow rate to 20 ml min-1. Further optimization of column dimensions, 

330 packing design, or the use of 3D printers with improved resolution will probably lead to 

331 exciting developments on catalytic and separation media for synthetic, analytical, or 

332 environmental applications. In addition, the developed coating method open new avenues 

333 for the study of other types of MOFs for flow-based applications, as for instance 

334 photoluminescent MOFs to create integrated sensors in 3D printed devices [47], or for the 

335 immobilization of other types of materials for pollutant degradation, such as metal oxide 

336 nanosheets [48].
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338

339

340 Figure 7. a) Design of the 3D printed column with integrated packing based on 

341 interconnected cubes and picture of the column with the MOF-MMC. b) Effect of flow rate on 

342 the flow-based degradation of rhodamine B (5 mg L-1) using the column shown in a). 

343

344 4. CONCLUSIONS

345 Incorporation of submicrometric crystals of the metal-organic framework ZIF-67 on intricate 

346 3D printed devices fabricated by stereolithography has been achieved via the use of PVDF 

347 as binder. The resulting ZIF-67 mixed-matrix coatings have been efficiently applied to coat 

348 3D printed packings based on interconnected cube matrices. The incorporation of such 

349 coatings in flow-through devices in column format was also achieved in a simple and 

350 efficient manner, without requiring of specialized instrumentation. The developed MOF-MMC 

351 3D printed devices showed high efficiency for the fast removal of rhodamine B from water by 

352 PMS activation. The fabricated devices were highly reproducible and reusable for the 

353 efficient degradation of different organic dyes from water in stirred and column-based 

354 formats. Future developments towards the use of robust materials for 3D printing and 

355 improvements on printing resolution can lead to interesting applications using MOF-MMCs 

356 for separation and catalysis, both in batch and flow modes. In addition, in-depth studies 
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357 towards the long-term stability and durability of 3D printed materials and immobilized 

358 catalysts will be of a great interest for the practical real-life application of coated 3D printed 

359 devices for water purification.
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Figure S1. SEM image of the synthesized ZIF-67 crystals.
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.

Figure S2. Nitrogen adsorption-desorption isotherms of the synthesized ZIF-67 

crystals. BET surface area, 1369 m2g-1.
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Figure S3. SEM image of a detail of a ZIF-MMC 3D printed device.
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Figure S4. UV-Vis spectra for the degradation of rhodamine B with the ZIF-MMC 3D 

printed device. PMS, 20 mg L-1; dye concentration, 5 mg·L-1; stirring rate, 200 rpm.
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Figure S5. XRD of the ZIF-67 crystals before and after rhodamine B degradation.




