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 20 

Abstract 21 

Iodine plays a significant role in industry and in chemical processes within living organisms. 22 

However, radioiodine exposure possess threats such as thyroid cancer to humans, when they are 23 

released into the environment when using nuclear technology and through nuclear accidents. Its 24 

capture and storage is critical to safeguard industrial applications while preventing 25 

environmental leakages. Herein we report efficient radioiodine capture using a hierarchical 26 

nitrogen-doped, large surface area, nanoporous carbon derived from ultrasonication of ZIF-8. 27 

mailto:yangyi@njust.edu.cn


The carbon exhibited high adsorption capacity of 434 wt% gravimetrically and 1418 mgg-1 in 28 

cyclohexane solution with fast kinetics and high recoverability. We deduced the high adsorption 29 

capacity to be due to the large surface area with micro and mesopores, presence of hydroxyl 30 

groups acting as electron donors and the presence of nitrogen, which interacts strongly with the 31 

electron‐deficient iodine (I2). Moreover, the process best fits the pseudo-second-order and 32 

Freundlich models with multilinearity observed with Webber-Morris model. Because of its 33 

comparatively lower cost, large surface area, facile preparation, good regeneration and fast 34 

kinetics, the as-prepared porous carbon shows exceptional promise as radioiodine adsorbent. 35 

Keywords: Radioiodine, Zeolitic imidazolate framework-8, adsorption, sonication, porous 36 

carbon, metal organic framework 37 

1.0 Introduction 38 

Increasing world energy demands because of rising population, coupled with industrialization 39 

and reduction in traditional fossil fuels has made the need for alternative energy sources more 40 

important. Nuclear energy has come as a source of choice as it does not emit greenhouse gases. 41 

Countries such as the United States of America, France, United Kingdom and China have 42 

adopted this option to mitigate this problem (Patzek and Croft 2010), (Kaltsoyannis and Liddle 43 

2016). However, it is worrying to note that with this proliferation of nuclear technology comes 44 

the emission of radionuclides. Key among these is radioactive iodine, which is a fission product 45 

of fissile Uranium-235. The accidents in Chernobyl, 3 mile island and recently Fukushima for 46 

instance have released large amounts of radioiodine into the environment (Wang et al. 2018), 47 

(Hobbs et al. 2011). Due to its high volatility, long half-life (1.57*107 for the 129I isotope), easy 48 

dissolution in water and adverse effects on human metabolic processes, radioiodine has drawn 49 

significant attention from the scientific world recently. Though the 131I isotope has a half-life of 50 

8.02 days, its thyroid cancer causing potential in children makes its removal from the 51 

environment very important (Prisyazhiuk et al. 1991), (Cardis et al. 2005). The adsorption 52 

technology has seen commonplace in iodine reoval due to its easy operation, large-scale 53 

deployment potential and very economical. However, it requires a very efficient adsorbent in 54 

order to be successfully deployed. Many adsorbent materials have been used for iodine 55 

sequestration over the years including silver-containing mordenites, (Chapman et al. 2010), 56 

Metal organic and covalent organic frameworks (Sava et al. 2011), (Nandanwar et al. 2016), (Yu 57 



et al. 2015), (Sun et al. 2013); and aerogels (Riley et al. 2013), (Riley et al. 2014), (Adams and 58 

Weller 2018), (Huang et al. 2017), (Kobielska et al. 2018), (Shen et al. 2018). Amine-59 

impregnated activated carbon, silica and zeolites are also used extensively (Liu et al. 2015), 60 

(Subrahmanyam et al. 2015). The challenges with these adsorbents however limit their efficiency. 61 

For instance, organic amine ages easily and makes the potential for secondary pollution very 62 

high as captured iodine could leak into the environment. Moreover, small pore sizes of activated 63 

carbon makes for low adsorption capacity. In addition, low recovery and recyclability 64 

percentages makes the need for more efficient adsorbents even more important. 65 

Recently, porous carbons have drawn attention in gas storage and separation applications, water 66 

purification and catalysis due to their highly developed porosities, large specific surface areas, 67 

good recycling ratios and robust thermal and chemical stability (Han et al. 2020).(Sun et al. 68 

2017). Additionally, they have been highlighted as promising adsorbents in many reports 69 

because of their environmental friendliness and tunable textural and structural properties (Yang 70 

et al. 2012), (Sevilla et al. 2011), (Nandi et al. 2012), (Qian et al. 2014). The challenge is to 71 

obtain efficient adsorbent with favorable properties for efficient radioiodine removal while 72 

reducing cost. Zeolitic Imidazolate Frameworks (ZIFs) belong to the Metal Organic Framework 73 

family but combine the classical zeolite properties of chemical and thermal stability with the rich 74 

topological diversity of MOFs. ZIFs possess similar structures to aluminosilicate zeolites, but 75 

with the additional advantageous characteristics MOFs (Miensah et al. 2019). These make them 76 

suitable precursors for porous carbons as the favorable characteristics of the ZIFs are retained in 77 

the corresponding porous carbons. Recently Amali and co-workers developed porous carbon 78 

materials where meso, macropores were introduced into the synthesized materials to obtain 79 

hierarchical, highly porous carbons with efficient supercapacitor properties (Amali et al. 2014). 80 

Based on these we prepared a nitrogen doped nanoporous hierarchical carbon by ultrasonication 81 

of ZIF-8 precursor. Ultrasonication introduced mesopores as additional second order structures, 82 

which enhanced radioiodine adsorption. No report highlights radioiodine adsorption with 83 

nanoporous carbon derived by ultrasonication of the ZIF-8 precursor, to the best of our 84 

knowledge. The as-synthesized nanoporous carbon displayed very high radioiodine adsorption 85 

and exhibited exceptional recyclability, boosting its practical application potential. 86 



2.0 Materials and method 87 

2.1 Chemicals 88 

Zinc nitrate hexahydrate (Zn (NO3)2·6H2O, ≥99.9%), 2-methylimidazole (MeIm, ≥99.0%, 89 

Aldrich), triethylamine (TEA, ≥99.0%, Aldrich), 90 

2.2 Instrumentation 91 

We used the bath sonicator model VELVO, VS-N100S, at 100 W, and 40 kHz for the  92 

ultrasonication stage. Scanning electron microscope (SEM) model FEI Quanta FEG, USA, 93 

Powder X-ray diffraction (PXRD) with Bruker D8 Advance X-ray diffractometer, equipped with 94 

Cu Kα radiation at 40 kV and 40 mA. X-ray photoelectron spectroscopy (XPS) model PHI 95 

Quantera II electron spectrometer, equipped with a monochromatic Al Kα radiation. 96 

Transmission electron microscope (TEM), model Tecnai G2 F30 S-Twin TEM with voltage 97 

200 kV. Brunauer−Emmett−Teller (BET) method (ASAP-2020, USA) at 77 K. 98 

2.3 Preparation of materials 99 

2.3.1 Preparation of sonicated ZIF-8 100 

Synthesis was according to the literature with modifications(Amali et al. 2014). Briefly methanol 101 

solution (250 ml) with 3.7273 g of Zn (NO3)2·6H2O was added into a 250 ml methanol of 1.1747 102 

g 2-methylimidazole (MeIm) and 2.25 ml of triethylamine (TEA) under ultrasonication for 10 103 

minutes at ambient temperature for a turbid solution immediately. Nucleation and aging was 104 

allowed for 4 hours before centrifugation to obtain white solid which was washed 3 times with 105 

methanol before drying at 65oC for 24 hours to obtain sonicated ZIF-8 captioned s-ZIF-8 106 

2.3.2 Synthesis of sonicated ZIF-8 nanoporous carbon 107 

1.5g of s-ZIF-8 was transferred into a ceramic boat, calcined at 800oC for 4 hours in nitrogen 108 

atmosphere using a programmable furnace with 10oC min-1 heating rate. The resultant carbon 109 

material was then activated using potassium hydroxide (KOH). Briefly, KOH was ground with 110 

the as-synthesized carbon in a 3:1 ratio, transferred into a ceramic boat and calcined in a 111 

programmable furnace under nitrogen flow for 1 hour at a 10oCmin-1 heating rate. The porous 112 

carbon obtained was then washed with 1M HCl; and then deionized water to remove residual 113 

zinc. The final sonicated nitrogen-doped hierarchical carbon obtained was captioned s-ZNPC. 114 

For comparison ZIF-8 as was prepared without sonication and was directly carbonized and 115 

activated with KOH to obtain ZNPC. 116 



2.4 Adsorption and storage of Iodine 117 

Iodine uptake was studied by exposing the as-prepared carbon materials to iodine 118 

(nonradioactive) in a vessel tightly sealed at 353 K and atmospheric pressure for specific times. 119 

The vessel was then cooled and we took weight measurements and calculated iodine uptake as 120 

          ( )2 1 1/ 100m m m wt−                           (1) 121 

Where m1 is the adsorbent mass before adsorption and m2 is the adsorbent mass after adsorption. 122 

We studied iodine adsorption in cyclohexane by placing 10mg of the as-prepared adsorbent in 10 123 

ml iodine in cyclohexane solution for a while. Approximately 2 mL supernatant was then taken 124 

and evaluated with UV–Vis. iodine (I2) amount at equilibrium qe was then obtained using Eqn.2: 125 
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With v signifying iodine/cyclohexane solution volume in liters, Co denotes initial concentration 127 

of iodine/cyclohexane solution and Ce denotes equilibrium concentration of iodine/cyclohexane 128 

solution in mgL-1; and m is the mass of the adsorbent in grams. We evaluated removal efficiency 129 

with Eqn. 3: 130 

                         0

0

Re 100%eC C
moval efficiency

C

 −
=  
 

                          (3) 131 

Co signifies initial concentration and Ce denotes equilibrium concentration of iodine/cyclohexane 132 

solution. We performed all the experiments in triplicates to obtain reproducible results and 133 

calculated errors using a 95% confidence level of the standard deviation from the origin-9 pro 134 

software. We used weber-Morris model, pseudo-first-order model and pseudo-second-order 135 

model (Hosseini et al. 2011) to study the adsorption kinetics. The pseudo-first-order kinetic 136 

model is depicted by eqn.4 below: 137 

                                                         ( ) 1ln lne t eq q k t q− = +                       (4) 138 

With qe representing equilibrium adsorption capacity and qt representing adsorption capacity at 139 

time t, and k1 is adsorption rate constant. Rate constant value and adsorption capacity values 140 

were obtained using the intercept value and slope value after plotting ln (qe-qt) vs. t. 141 



Eqn. 5 below displays the pseudo-second-order kinetic model: 142 

                                                      
2
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= +                         (5) 143 

With k2 representing rate constant, qe representing equilibrium adsorption capacity while qt 144 

represents adsorption capacity at a certain time (t). k2 (intercept) and qe (slope) were derived 145 

from plotting t/qt vs. t.  146 

The Weber-Morris model is depicted by eqn.6 below: 147 

 148 

                                                         
0.5

t dq k t c= +                                      (6) 149 

Where, kd represents the diffusion rate constant with c denoting the intercept, which were derived 150 

by plotting qt against t0.5. 151 

Adsorption isotherm studies were also performed using the Freundlich and Langmuir models 152 

represented by equations 7 and 8 below respectively 153 

1
ln ln lne F eq k c

n
= +                        (7) 154 

With KF (mgg-1), being the Freundlich constant, associated with adsorption capacity and n being 155 

Freundlich constant associated with adsorption intensity, which we derived from the slope (KF) 156 

and intercept (n) value after plotting ln qe vs ln Ce 157 
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Where Ce (mgL-1) is equilibrium iodine concentration, qe (mgg-1) is equilibrium adsorbed amount, 159 

qm (mgg-1) represents maximum amount of iodine adsorbed, and KL (Lmg-1) represents 160 

equilibrium adsorption constant. By plotting Ce/qe vs. Ce, we obtained qm and KL from the slope 161 

and intercept respectively. 162 

 163 



2.5 Characterization 164 

PXRD (Powder X-ray diffraction) was performed with a Bruker D8 Advance X-ray 165 

diffractometer with Cu Kα radiation at 40 kV and 40 mA. Raman spectra was recorded with a 166 

LabRAM HR800 Raman spectrometer with sample excitation at 532 nm. XPS was recorded with 167 

PHI Quantera II electron spectrometer. N2 adsorption-desorption analysis was done using 168 

Quantachrome Autosorb-iQ MP gas sorptometer at 77k, while BET method was adopted to 169 

evaluate the specific surface areas using N2 adsorption data. Pore size distribution was evaluated 170 

using the NLDFT (Non-localized Density Functional Theory) method. SEM (Scanning Electron 171 

Microscope) image as taken with JEOS JSM-IT500HR system while TEM scan was done on a 172 

FEI (Tecnai G2 TF20) microscope. The concentration of I2 in the supernatants were measured 173 

with UV–vis spectrophotometer. 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 
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 187 

 188 

 189 

 190 

 191 

 192 



3.0 Results and discussion 193 

3.1 Structural analysis 194 

We prepared the porous carbon samples s-ZNPC and ZNPC by ultrasonication and carbonization 195 

of ZIF-8 precursor as outlined in the experimental section and further deployed chemical 196 

activation by KOH to introduce pores by etching the carbon framework. KOH activation resulted 197 

in increased surface area and introduced hydroxyl groups on the porous carbon material. As can 198 

be observed from the PXRD (fig.2a), both carbon sample exhibit peaks at 2θ = 25o and 42o 199 

which correspond to the 002 and 100 planes of amorphous carbon materials respectively 200 

indicating the successful formation of the carbon samples(Hu et al. 2020). The broad 002 Brag 201 

peak is an indication of low graphitization. The empirical parameter (R), which measures the 202 

ratio of peak to background, showed a lower value for s-ZNPC than ZNPC. This shows aligned 203 

structural domain breakdown in s-ZNPC after KOH activation as reported in the literature (Sun 204 

et al. 2017). Moreover, the poorly crystallized nature as well as low graphitization could be 205 

observed. During KOH activation of s-ZNPC the carbon framework is etched due to carbon atom 206 

being oxidized to carbonate ion. In addition to this, there is also potassium compounds 207 

intercalation (K2CO3), decomposition of which results in the emission of CO2 through carbon 208 

gasification, leading to formation of more pores in the carbon material. PXRD also confirms that 209 

KOH activation resulted in decreased low-angle peak intensity of s-ZNPC consistent with the 210 

literature (Choi and Ryoo 2007). This is also an indication of the significant structural change to 211 

the carbon framework by KOH activation. 212 

 213 



The Raman spectra was taken to analyze the degree of order in the porous carbon samples 214 

(fig.2b). The 1592cm-1 peak position also known as G-band is consistent in all sp2 carbon 215 

systems as well as the E2g graphite mode. The second peak located at 1348cm-1 also known as 216 

the D-band indicates disorder in carbon materials (Sun et al. 2017). The relative disorder in 217 

graphitic crystallinity is normally determined by the integrated intensity ratio of the D-band to 218 

the –band, denoted ID/IG. the higher intensity ratio for s-ZNPC (1.01) as opposed to ZNPC (0.976) 219 

indicates higher defects after KOH activation which enhanced its adsorption properties (Qie et al. 220 

2013), (Sun et al. 2017). The XPS of the samples before and after iodine adsorption is shown in 221 

fig. 4. The survey spectra (fig. 4a) shows a high carbon and oxygen content, confirming further 222 

the high degree of oxidation of the as-prepared sample. Moreover, nitrogen is confirmed 223 

successfully doped into the material and the appearance of the iodine peak after adsorption 224 

confirms that the porous carbon samples captured iodine successfully. The high resolution C1s 225 

spectra (fig.4c) of s-ZNPC exhibits three peaks at binding energies 286.6eV, 285.1eV and 226 

284.4eV corresponding to O-C=C, C-N and C-C carbon species respectively (Hu et al. 2020). 227 

The deconvoluted N1s spectra (fig.4b) also shows four peaks at 406.3eV, 401.2eV, 400.0eV and 228 

397.0eV representing oxidized, graphitic, pyrrolic and pyridinic nitrogen species respectively 229 

(Xiao et al. 2018). The deconvoluted I3d spectra (fig.4d) also displays two distinct peaks at 230 

binding energies 620.0eV and 630.2eV which resulted from spin orbit splitting of I3d5/2 and 231 

I3d3/2 respectively with splitting energy of 10.2eV. These are consistent with molecular iodine 232 

and iodide (Kajan et al. 2016), (Dillard et al. 1984), (Sherwood 1976). The presence of iodide 233 

could have resulted from reduction of molecular iodine (I2) by hydroxyl groups (OH-) present on 234 

the carbon surface acting as electron pair donors (Flockhart 1974), (Gliński and Ulkowska 2011). 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 



 244 

3.2 Morphological studies 245 

Careful observation of the SEM and TEM (fig.1) images show a highly porous structure for both 246 

carbon samples with s-ZNPC (fig.1a) showing a uniform distribution of micro and mesopores. 247 

TEM image of s-ZNPC (fig. 1b) confirms the presence of aperiodic and hierarchical pore 248 

structure with micro and mesoporous three-dimensional structure. It could also be seen that s-249 

ZNPC is poorly crystallized with little parallel graphene sheets observed, consistent with the 250 

Raman and PXRD results. Quantification of the surface textural features was achieved by 251 

measuring the nitrogen (N2) adsorption-desorption curves and as can be observed in fig.S1, a 252 

varied type I and type IV isotherms were obtained. Distinct plateaus could be seen in the 253 

isotherms, confirming the hierarchical pore structure of as-prepared carbons with dominant 254 

mesoporosity in s-ZNPC (fig.S1a-b) and microporosity being dominant in ZNPC (fig. S1c-d). 255 

The N2 adsorption isotherms at 77k display a strong adsorption at low pressure for both carbon 256 

samples, indicating microporosity. However, mesoporosity is also observed by the appearance of 257 

hysteresis loop at relative pressure range 0.4 to 0.9. The BET surface areas were calculated to be 258 

2350 m2g-1 for s-ZNPC with pore volume 1.4 cm3g-1 and 1899 m2g-1 for ZNPC with pore volume 259 

1.12 cm3g-1 (tab. S1). We employed the non-local density functional theory method (NL-DFT) to 260 

evaluate pore size distribution of the materials. The results further confirm that s-ZNPC has 261 

hierarchical pore structure with micropores (< 2nm) and mesopores (2-50 nm); but with a higher 262 

mesopore density than ZNPC. 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 



3.3 Radioiodine capture 274 

Encouraged by the large surface area and porous features of as-prepared carbon samples, we 275 

investigated their iodine adsorption capacity by exposing them to iodine in a sealed container at 276 

350K and atmospheric pressure for various time intervals. These conditions represent nuclear 277 

fuel reprocessing conditions (Qian et al. 2016). We substituted radioisotopes 131I and 129I for 278 

stable 127I that has similar chemical characteristics to the radioisotopes. We then took gravimetric 279 

measurements at various time intervals. It could be observed in fig.2c that adsorption of iodine 280 

increased with time up to 5 hours. Changes were not observed after about 11 hours, which 281 

signifies the saturation point of the adsorption process. Maximum adsorption capacity of 434 282 

wt% was obtained for s-ZNPC and 342 wt% for ZNPC after calculations using eqn.1. We 283 

believe this high adsorption capacity could be the result of the large surface area with 284 

hierarchical micro and mesopores introduced through ultrasonication and KOH activation. In 285 

addition to the above, the high iodine capacity could be attributed to the nitrogen-rich nature of 286 

these porous carbons due to the strong interaction between nitrogen atoms and electron‐deficient 287 

iodine (I2); consistent with the literature (Sen et al. 2020). Moreover, XPS results (fig.4) also 288 

confirm the captured iodine as in the zero valence state (I2). This capacity is the highest reported 289 

for sonicated ZIF-8-derived carbons to the best of our knowledge. It is also higher than most 290 

porous sorbents reported to date (Qian et al. 2016), (Sun et al. 2017),(Liu et al. 2011), (A et al. 291 

2014), (Sava et al. 2013), (Chien et al. 2011),(Zhou et al. 2014), (Riley et al. 2011), (Liu et al. 292 

2011), (Yin et al. 2012), (Sava et al. 2011), (Huang et al. 2012), (A et al. 2014).  293 

 294 



We also investigated iodine capture by as-prepared carbon materials in iodine/cyclohexane 295 

solution, and observed an initial increase in adsorption amount, which then decreased slowly as 296 

equilibrium is reached after 30 hours (figx. We calculated the maximum adsorbed amount for s-297 

ZNPC using eqn. 2 to be 87 mgg-1, 238 mgg-1 and 305 mgg-1 for iodine/cyclohexane solution 298 

concentrations 100 mg/L, 300 mg/L and 500 mg/L respectively. Removal efficiencies of 87%, 299 

70% and 61% were observed for solution concentrations 100, 300 and 500 mg/L respectively 300 

(fig.3). The concentration of the solution and contact time affected the adsorption process. 301 

Clearly, the adsorbed amount increased in high concentrations while the efficiency of the 302 

adsorption decreased. The equilibrium adsorption isotherm displayed in figure 2d is very 303 

important in deducing the maximum adsorption capacity of the porous carbons. The amount was 304 

found to be 1418 mgg-1 for s-ZNPC, which is the highest ever reported for sonicated ZIF-8-305 

derived porous carbon for I2 adsorption, to the best of our knowledge. We deduced this high 306 

value to be due to the large surface area, high porosity (micro, mesopores) and the presence of 307 

hydroxyl groups (OH-) serving as electron pair donors on the porous carbon surface. Moreover, 308 

the presence of heteroatom nitrogen enhanced the adsorption capacity for radioiodine, due to the 309 

strong interaction between nitrogen atoms and electron‐deficient iodine (I2); consistent with the 310 

literature (Song et al. 2018), (Sen et al. 2020).  311 

 312 

The plot of equilibrium concentration (Ce) versus the equilibrium amount (qe) (fig. 2d) showed 313 

that the initial adsorption depended on the initial concentration of the solution, where there was 314 

high amounts of iodine in solution (‘host-guest interaction’). However, this changed as the 315 

adsorption reached equilibrium as iodine amounts dropped in the solution (‘guest-guest effect’), 316 

consistent with the literature (Li et al. 2020), (Geng et al. 2018). We simulated the adsorption 317 

isotherm using the Freundlich (eqn. 7, fig.S2b) and Langmuir models (eqn. 8, fig.S2a). From the 318 

fitting parameters in table S2, Freundlich model best fits the adsorption process due to its higher 319 

correlation (0.998). In addition to the above, its adsorption intensity (n=4.45) indicates a 320 

favorable adsorption (1 < n < 10). We inferred from these data that the adsorption is a multilayer 321 

process on a multiphase surface as reported in the literature (Geng et al. 2018).  322 



We also investigated adsorption kinetics using the pseudo-first-order model (eqn.4, fig. S2c), 323 

pseudo-second-order model (eqn.5, fig.S2d) and weber-Morris model (eqn.6) and found the 324 

pseudo-second-order model as the best fit for the adsorption process, indicating a chemisorption 325 

process (table S3). This is because it has a higher correlation with the calculated adsorption 326 

capacity closer to the experimental values as previously reported (Geng et al. 2018). Moreover, 327 

we adopted the Webber-Morris model to evaluate the adsorption mechanism and found the 328 

adsorption process to be multi-linear as seen in fig. S4. This implies that the adsorption process 329 

involved more than one stage. From fig. S4, the initial stage is indicative of iodine molecules 330 

diffusing onto the outer surface of s-ZNPC while the second stage could be attributed to 331 

intraparticle diffusion leading to saturation or equilibrium as reported in previous literature 332 

(Hosseini et al. 2011). The captured iodine was quickly recovered by immersing the I2-loaded 333 

sample captioned I2@s-ZNPC into ethanol solution and taking UV-Vis measurements until there 334 

was no further change in concentration of the iodine solution (fig. S.3). 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 



4.0 Conclusion  352 

Briefly, we synthesized nitrogen-doped, hierarchical porous carbon by ultrasonication of ZIF-8 353 

to introduce additional mesopores as secondary structures, activated the porous carbon using 354 

KOH to introduce hydroxyl groups and increase the surface area. We took advantage of the 355 

favorable features of the as-prepared carbon (s-ZNPC) for capture and reversible release of 356 

radioiodine. We obtained very high adsorption capacity of 434 wt% after gravimetric 357 

measurements and 1418 mgg-1 in cyclohexane solution. These values rank among the highest for 358 

nanoporous carbons obtained by sonication of ZIF-8 precursor. We also found the adsorption 359 

data to fit with the pseudo-second-order and Freundlich models. We achieved desorption easily 360 

by immersing the iodine-loaded sample (I2@s-ZNPC) into ethanol solution and took UV-Vis 361 

measurements. The high adsorption capacity, relatively faster kinetics, easy preparation and 362 

recoverability make s-ZNPC a promising candidate for radioiodine adsorption and could be very 363 

essential in decontaminating the environment of radioactive iodine. 364 

 365 
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Figures 558 

 559 

 560 

 561 

Fig. 1. Morphological studies of as-prepared materials showing (a) SEM and (b) TEM of s-562 

ZNPC and (c) SEM and (d) TEM of ZNPC 563 

 564 



 565 

 566 

Fig. 2. (a) XRD and (b) Raman spectra of s-ZNPC and ZNPC, (c) Gravimetric radioiodine 567 

uptake at 353K by s-ZNPC and ZNPC and (d) adsorption equilibrium isotherm showing 568 

maximum adsorption capacity for radioiodine. Error bars were calculated with the standard 569 

deviation of triplicate measurements at 95% confidence level 570 

 571 



 572 

Fig. 3. Kinetic studies of I2 adsorption by s-ZNPC and ZNPC: (a) Amount of Iodine removed by 573 

s-ZNPC in 100, 300 and 500 mg/L Iodine/cyclohexane solutions (b) I2 removal efficiency in 100 574 

mg/L I2/cyclohexane solution, (inset: color change of solution over time); (c) Radioiodine 575 

removal efficiency in 300mg/L solution; (d) Radioiodine removal efficiency in 500 mg/L 576 

cyclohexane solution. The error bars were calculated with standard deviation of triplicate 577 

measurements at 95% confidence level 578 
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 583 

Fig. 4. XPS studies of s-ZNPC and I2@s-ZNPC showing (a) survey spectra before (s-ZNPC) and 584 

after (I2@s-ZNPC) iodine adsorption; (b) deconvoluted N 1s spectra; (c) C 1s spectra; (d) I 3d 585 

spectra 586 

 587 

 588 



Figures

Figure 1

Morphological studies of as-prepared materials showing (a) SEM and (b) TEM of s-ZNPC and (c) SEM
and (d) TEM of ZNPC



Figure 2

(a) XRD and (b) Raman spectra of s-ZNPC and ZNPC, (c) Gravimetric radioiodine uptake at 353K by s-
ZNPC and ZNPC and (d) adsorption equilibrium isotherm showing maximum adsorption capacity for
radioiodine. Error bars were calculated with the standard deviation of triplicate measurements at 95%
con�dence level



Figure 3

Kinetic studies of I2 adsorption by s-ZNPC and ZNPC: (a) Amount of Iodine removed by s-ZNPC in 100,
300 and 500 mg/L Iodine/cyclohexane solutions (b) I2 removal e�ciency in 100 mg/L I2/cyclohexane
solution, (inset: color change of solution over time); (c) Radioiodine removal e�ciency in 300mg/L
solution; (d) Radioiodine removal e�ciency in 500 mg/L cyclohexane solution. The error bars were
calculated with standard deviation of triplicate measurements at 95% con�dence level



Figure 4

XPS studies of s-ZNPC and I2@s-ZNPC showing (a) survey spectra before (s-ZNPC) and after (I2@s-
ZNPC) iodine adsorption; (b) deconvoluted N 1s spectra; (c) C 1s spectra; (d) I 3d spectra
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