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Abstract: Covalent organic frameworks (COFs) represent aitieg new type of
porous organic materials, which are constructetl migganic building units via strong
covalent bonds. Here in, the COF-2,4,6-Triformytpbblucinol p-Phenylenediamine
(COF-TpPa-1) was synthesized by solvothermal mefoodhe removal of U(VI)
from aqueous solution. Effects of pH, adsorptioseja@ontact time, uranium solution
concentration, temperature and adsorption and psorcycle on the efficiency of
COF-TpPa-1 removal of U(VI) are investigated. SEXRD, TGA and FT-IR were
employed to characterize the samples and analys@ @tcbon mechanism. The results
manifested COF-TpPa-1 has the high adsorption dgpég.,=152 mg/g), quick
adsorption kinetic, high selectivity, outstandingcycle performance and good
resistance to acids, bases and high temperature.
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1. Introduction

With the development of economy, the problems oérgy shortage and
environmental pollution bring challenge to susthleadevelopment of human
economy. Nuclear power is more and more irrepldegalenergy system as a kind of
clean and efficient energy [1]. As usage of nucleawver reactors developing [2,3],
which had leaded to several safety accidents apdiuged lots of radioactive wastes,
especially the containing uranium, plutonium anbeotradionuclides waste water,
had caused very serious environmental problemss,T¢$eparation, enrichment and
recovery of uranium from nuclear industrial efflteror other liquid are not only
significant in effective utilization of resources environmental security [4], but also
reduce the potential threat of radionuclides taremment and human health [5-7].

In the past few decades, several efficient semaratechnologies, such as
chemical precipitation, solid-phase extraction, raeme separation, ion-exchange
and adsorption, have been developed for the capndaecovery of U(VI) from the
natural environment [8-10]. Among these technokgide adsorption has been
widely employed as the primary method of recovdmyranium agueous solution due
to its simplicity and continuity of operation, megumethod, high efficiency, and
environmental friendly [11-17].

In radiation-related ions researches, kinds of rmasehave been developed to
collect radioactive ions, for example, optode membr [18], MOFs [19] and
mesoporous silica [20]. So far, various materiglsch as carbon-based materials
[21,22], clay materials [23,24], graphene-basedensls [24], nanoscale zero-valent
iron materials [25,26] and metal organic framewdM©Fs) [27,28], have been used
as adsorbents to capture U(VI) from aqueous saistidHowever, carbon-based
nanomaterials like graphene and carbon nanotubes egstly and the preparation
process was quite complicated. Clay minerals hawvemeal stability but low
adsorption capacities and removal rates. Zero-valem materials were unstable and

non-reusable, also harmful to the surrounding emvirent. And most of MOFs own



54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79

80

bad chemical stability. Therefore, developing a nsye of materials with high
efficiency, low cost, high stability is of greagsificance to remove U(VI) in practical
applications.

As an emerging porous crystalline material, covateganic frameworks (COFs)
[29] are prepared by various coupling reactions fzenek periodic two-dimensional or
three-dimensional structures [30-32]. Since thsical/ery, COFs have received a lot
of attention as they are highly crystalline andhiigveight materials possessing
exceptionally high surface area with a definiteepsize distribution pattern [33,34].
Due to its unique structure and nature, COFs has lag@plied in gas storage [35,36],
catalysis [37,38], electricity [39], etc. FurthemapCOFs have great potential for the
adsorption and separation metal ions due to itcgrit functional points [40—42].
Many COF materials have been reported in past fearsy For example, a kind of
graphene-synergized 2D covalent organic framew@&-COF) obtained via an in-situ
loading of a covalent organic framework (TDCOF) graphene sheets has been
reported with the maximum adsorption capacity d¥ 8®)/g [32]. Several other COFs
also have been reported by the same group. Theyeshihe stability and functionality
of COFs in condition of high acidity and strongiedibn existing in nuclear industry
[30-32,43].

In this work, COF-TpPa-1 was prepared to removeu@nium from aqueous
solution, the effects of pH, adsorption dose, oontime, uranium solution
concentration, temperature, adsorption and desorptiycle were investigated
detailedly. The SEM, XRD, TGA and FT-IR were alsopoyed to characterize the
samples and analyze adsorption mechanism. Thegeshdw that COF-TpPa-1 has
high adsorption capacity, good acid and base essist It can be used for treating

uranium-containing radioactive wastewater.

2. Experimental detail

2.1 Reagents and instruments
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All common chemicals used in this study were pusedafrom Aladdin
(Shanghai, China) and are of analytical grade. M2fe spectrophotometer (Shanghai,
China) was used for the detection of the U(VI). SEMasurements was carried out
using a Nova Nano SEM 450 (Czech Republic), equippth Oxford X-Max
spectrometer. X-ray diffraction were collected bBraker AXS D8 Discover powder
diffractometer (Germany). Thermal analysis wasiedrout by TGA Q500 thermal
analysis system (TA Instruments, USA). The FT-IRdm were performed on a
Nicolet 380 (Thermo, USA). Nitrogen adsorption asesorption isotherms were

measured at 77 K using an BELSORP-max analyzer.
2.2 Synthesis of 2,4,6-Triformylphloroglucinol

Hexamethylenetetraamine (15.098 g, 108 mmol) anorpdlucinol (6.014 g, 49
mmol) was added into 90 mL trifluoroacetic acid enbtl,. The solution was heated at
1007 for 2.5 h. Then 150 mL of 3 M HCI was added anel $blution was heated at
1001 for 1 h. After cooling to room temperature, théuson was filtered through
Celite, extracted with 350 mL dichloromethane, dr@ver magnesium sulfate, and
fillered. Rotary evaporation of the solution affedd1.23g (5.87 mmol ,11%) of an
off-white powder. The pure sample was obtainedubfisiation. 1H NMR (400 MHz,
CDCI3) data indicated near 99% purity, giving 14(823H, OH), 10.15 (s, 3H, CHO)

ppm.

2.3 Yynthesis of COF-TpPa-1

0.3 mmol (63 mg) of 2,4,6-Triformylphloroglucinol'®), 0.45 mmol (84.7 mg)
p-Phenylenediamine (Pa-1) was added into a Pyres with 1.5 mL butyl alcohol
and 1.5mL 1,2-dichlorobenzene. The mixture wascatad for 20 min, followed by
addition of 0.5 mL of 3 M aqueous acetic acid. Atfeat, the tube was degassed by
freeze-pump-thaw cycles for three times, seale®umdcuum and heated at 120 °C
for 3 days. The reaction mixture was cooled to rdemperature and washed with

deionized water, dimethylacetamide and acetone.ré&gting dark red powder was
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dried at 120 °C under vacuum for 12 hours.
2.4 Uranium adsor ption experiments

Uranium adsorption experiments were performed intches method.
COF-TpPa-1 was added into 50 mL plastic centrifugees containing 20 mL of
U(VI) solution with specific initial U concentratgCy) with stirring. The pH was
adjusted by HCI/N#& Os. The adsorption experiments were carried out ltinmuthe
plastic centrifuge tubes into a thermostatic shddah at 25 for 150 min, with
rotation speed of 250 rpm. Then, 1 mL solution digtwn from centrifuge tubes was
centrifuged at 10000 rpm for 8 min. the concertratof U(VI) at time t C;) was
detected by arsenazo (lll) spectrophotometric nobtitac650 nm. The desorption rate,
distribution coefficienty) and equilibrium adsorption capacify were calculated by

the Egs. (1), (2) and (3), respectively [44,45]:

Remove rate= (COV;CE) M (1)
qe - (CO - Ce) W/ (2)
W
C,-C
-GGy
d C. w 3

where Cy (mg/L) is the initial concentrationC. (mg/L) denotes the equilibrium
concentrationyV (L) is solution volume andv (g) is adsorbent weight. All data of

batch experiments were obtained in triplicates.
2.5 Chemical stability studies

COF-TpPa-1 was added into four glass bottles ofmtpeach. 6 M HCL, 6M
NaOH, 1M HNQ and HO were added respectively to for samples. The firste
were placed at room temperature for 72 hours aaeddurth was keep at 100for
same 72 hours. Then, samples were washed seveesd With deionized water for

XRD.

2.6 Desorption studies
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After each adsorption study, the solid liquid segian by high-speed centrifuge to
recover the spent COF-TpPa-1, which was then waskegdral times with acidic
solution (HCL, 1 mol/L) to remove the U(VI). Thecmered COF-TpPa-1 was
thoroughly washed with deionized water and methgblzol, dried at vacuum, and
used for further adsorption investigation. Durirge trepeated adsorption studies,
U(VI) adsorption capacity gf) was calculated. The adsorption and desorption
processes were repeated up to 4 times, to furtbeert@in the recyclability of

COF-TpPa-1.

3. Results and Discussion

3.1 Characterizations of COF-TpPa-1

Chemical stability experiments were performed bgksng COF-TpPa-1 in 1
mol/L HNOs, 6 mol/L NaOH and HCI, and 10@leionized water for there days. then
these samples was analyzed by XRD. The results sleyen in Fig. 1. Compared
with the Fig. 2, it can be easily concluded thatFeTpPa-1 possesses good chemical
and temperature stability.

To confirm the chemical stability of the samplesing adsorption of U(VI),
powder X-ray diffraction (XRD) of pristine and U(Mloaded samples were tested. As
shown in Fig. 2, The diffraction peaks between #@mnples before and after
adsorption were no significantly different befodsarption. Major XRD patterns for
the U(VI)-loaded samples basically the same asptisine samples, suggesting its
high chemical stability even after loading of U(MMloreover, the XRD Spectrum of
COF-TpPa-1 before and after adsorption matched wigtl its simulated data. The
simulated data was obtained by theoretical calciaand MS software simulation.
There is no corresponding JCPDS card with this kahdCOF material. But our
simulation data matches well with the eclipsed nhad¢he paper of Suvendu Karak

et al. [46].
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Fig. 1 XRD patterns of the samples after HCL (6 M, soalked2 h), HNQ (1M,
soaked for 72 h), NaOH (6 M, soaked for 72 h) ap@ KLOQO |, soaked for 72 h)

treatment.
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Fig. 2 XRD patterns of the samples before and after atisor.

Scanning electron microscopy (SEM) an acceleratoitage of 10 kV was used
to observe the microscopic morphology before amer @dsorption. It is obvious that
COF-TpPa-1 shows a radial cluster structure in $ieM images. There are no
significant differences between the surface of QY{dghded samples and pristine

samples.
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Fig. 3 SEM results of pristine and U(VI)-loaded samp(e3, (b) and (c) are

COF-TpPa-1 samples before adsorption; (d), (e)(Brade COF-TpPa-1 samples

after adsorption.

N, adsorption and desorption experiments were caaugcht 77 K to investigate

the surface area and porosity of COF-TpPa-1. Theadorption and desorption

isotherm of it is shown in Fig. 4. From the isothethe Brunauer-Emmett-Teller

(BET) surface area was found to be 70ZgnAccording to the inset of Fig. 4, the

result suggests the average pore diameter wasin86
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Fig. 4 N, adsorption/desorption isotherms of COF-TpPa-17a7Pore size

distribution is shown in the inset.
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To determine the thermal stabilities of COF-TpPa&h&ymogravimetric analysis
(TGA) for COF-TpPa-1 was performed. The resultsstmewn in Fig. 5. In the range
of 25-1007, the rapid reducing of weight can be attributedhe volatilization of
physically adsorbed water and residual solventidetand inside its pores. After that,
the COF-TpPa-1 was stabile before 300n the range of 300-40Q the weight loss
sharply increases due to the pyrolysis of sometioimal groups on the surface of
COF-TpPa-1. The most significant weight loss ocaitsr 4001, which suggests the

destruction and decomposition of the basic skelefddOF-TpPa-1 [14].

Before adsorption
—— After adsorption

1004
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\‘
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Temperaturg°C)
Fig. 5 Thermal gravimetric analysis (TGA) of the samplefobe and after
adsorption.

The samples were also analyzed by Fourier transfoimared spectroscopy
(FT-IR) in the wavenumbers range between 4000 @@l &n', and the obtained
results had been illustrated in Fig. 6. The adsmmpgbands at 3355 cfis assigned to
the O-H stretching vibration. The band at 1256dmattributed to the C-N bending
vibration of COF-TpPa-1. The aromatic -C=C- straighfrequency of the benzene
ring appears at 1450 émThe band at 1574 chis assigned to the C=C bending
vibration. The strong peaks at 1256 tiaC-N) and 1574 cih (-C=C) have clearly

shown the formation of the-ketoenamine-linked framework structures [46].
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Comparing the spectrum of COF-TpPa-1 samples befodeafter adsorption, it can
be found that there is a very weak adsorption tmr@llé crit. This is because U=O
bonds were formed after adsorption. The adsorgieomd is not obvious for its low

ratio to others.

Before adsorption
—— After adsorption
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Fig. 6 FTIR spectra of COF-TpPa-1 before and after adsorp
3.2 Effect of pH value on U(VI) adsorption

pH value is one of the most important parametedetermines the speciation of
uranium ions [47]. The effect of pH value on adsiorp capacity ) of U(VI) are
described in Fig. 7. The adsorption capacity of @€ strongly dependent on pH
values because of the morphological distributioru@nium at different pH values.
When pH value is lower than 4, uranium exists pneidantly as uranyl ions. When the
pH value increases to more than 4, there begif@rto uranium hydrolyzate, such as
UO,(OH)", (UO,)5(OH)s?*, (UD,)-(OH),?*. When pH increases to more than 5, another
uranium hydrolyzate of U§OH),-H,O is formed. Then, more than pH=8, anionic
form becomes to be the major form. Thereby, COFaFpFRprimarily adsorbs the
uranium hydrolysate. The U(VI) adsorption capaaityreases slowly from pH=1 to
pH=4, then a sharply increase was observed in thegnge of 4-6, subsequently

rapidly decreases at pH=6-9 was observed. At piZ€i;-TpPa-1 shows up strongest
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ability to adsorb uranium. Thus, this pH valuehesen for the further study.

/\

Adsorbance (mg/g)

40 - \
20 - /./'
L}
0o{ =
0 2 4 6 8 10
pH

Fig. 7 E[lect of pH on the U(VI) adsorption for the COF-TpPadsorbent. (&100
mg/L, m=10 mg, t=12 hours, T=298 K).

3.3 Adsorption kinetics and adsor ption mechanism analysis

To obtain the kinetic parameters of adsorptioa,dfiect of contact time on U(VI)
adsorption on COF-TpPa-1 is studied. The resuéishown in Fig. 8. The adsorption
capacity rapidly increased in the first 100 mitngrt increased slowly from 100 min
to 5 hours. There is no significant changing ofaapiBon capacity after 5 hours,
indicating the adsorption reaction reached equuiior The rapid growth of
adsorption capacity is attributed to the relatiieilgher concentration of U(VI) during
the initial time of adsorption reaction. In order &nalyze the kinetic at length,
pseudo-first-order and pseudo-second-order werdogexb to fit the experimental
data [44,48]. The result is shown in Fig. 9. Theul@ant fithess represents the
corresponding adsorption mechanism [49]. The psdéusteorder and

pseudo-second-order models can be described loyialy two equations:

k.t
log(q, - g,) = logqg, — ——= 4
g(9. - q,) = logq, 5303 4)

()
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where thek; (min?) andk, (g-mg-min™) are the adsorption rate constants in the
pseudo-first-order and pseudo-second-order adsorginetic models, respectively.
(mg-g") andge (Mg-g") are the adsorption quantities at time t and aogation
equilibrium, respectively. Kinetic parameters obtkinetic models are listed in Table
1.

The linear correlation coefficienRY) is used to check the validity of each model.
In Table 1, fitting result indicates that the ctaton coefficient R of
pseudo-second-order kinetic model was larger tismugbo-first-order kinetic model.
And the adsorption capacity calculated by pseudosstorder kinetic model
(0e,cam97.2 mg/Q) is closer to the experiment valgg£{=94.1 mg/g). Therefore, the
pseudo-second-order kinetic model could better rdesc¢he adsorption process of
COF-TpPa-1 on U(VI) and demonstrated that the gdior process was chemical

adsorption.

100

90 / /
70 /
60 /
501 /

0 100 200 300 400 500 600

./I

Adsorbance (mg/g)

t (min)
Fig. 8 Adsorption kinetics of COF-TpPa-1 for U(IV) adston (pH=6, V=20 mL,
Co=100 mg/L, m=10 mg).
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Fig. 9 The fitting by (a) pseudo-first-order and (b) psesecond-order models (the

black points and red line present the experimeamedlsimulated values, respectively).

Table 1Kinetic parameters of pseudo-first-order and peezgtond-order models.

pseudo-first-order pseudo-second-order
Adsorbent deex (mg/g) 1 R
Qocal (M/G) ko (Min®) R Geca(Mg/g) kp(g-mg"-min?) R
COF-TpPa-1  94.054 41.849  0.00177 0.9646  97.182 0.0005501  0.9995

3.4 Adsorption isotherm

In order to obtain its maximum adsorption capadityg adsorption capacity of

COF-TpPa-1 for U(VI) was performed by taking di#fat the uranium concentration
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from O to 300 mg/L at 25. As shown in Fig. 10, with the increasing of utami

concentration, the adsorption capacity increasé®& ddsorption gradually reaches
saturation when the initial uranium concentratian more than 150 mg/L. the
maximum adsorption capacity is up to 152 mg/g, Wheccomparable with the value
observed in the most reported porous materials.ablserption capacity and optimal

pH value of some other porous materials are showiable. 2.

160+

140- /.

120+
100+

_.—.—I§.

40
20

0 50 100 150 200 250 300

Co (Mg/L)
Fig. 10Adsorption isothermal of COF-TpPa-1 for U(1V) (p6l=/=20 mL, t= 480
min, m=10 mg, T=25 °C).

Table 2A comparison among some other porous materiald fgi) removal.

Adsorption .
. Optimal : .
Compounds  capacity Adsorption site Reference
pH value

(mg/g)
Sx-LDH 330 6 Polysulfide anions  [5]
MOF-76 298 3 Unclear [28]
UiO-68-P(O)(OEYy 217 25 Phosphorylurea [50]
MIL-101-DETA 350 5.5 Amine [51]
ED-MIL-101 200 4.5 Amine (52]
Zn(HBTC)(L) 115 2 Carboxyl [53]
Co-SLUG-35 118 5 lon exchange [54]
COF-HBI 211 45 Benzimidazole [31]

To learn more about the adsorption, the commomésotal adsorption model of

Langmuir and Freundlich model are also utilizedsukming that there is no interaction
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between adsorbates, and all the adsorption sitesliofsurface are same and distribute
uniformly, then it results uniform monolayer adgayp and conforms to the Langmuir
adsorption model. Supposing that the adsorbateearat the non-uniform surface of
the adsorbent from the liquid phase, and the aésttas dilerent adsorption sites on
the surface, thus leading to drent adsorption energies and unevenly distributed
surface adsorption heat, then the adsorption izsamenultilayer adsorption and in

accordance with the Freundlich model. In this systéangmuir and Freundlich
models were selected, and the fitting results wér@ve in Fig 11. Its linear

expressions are as following [55]:

G_1.6 (6)
g dab g,
logq, = logK, +% logC, (7)

wherege (mg/g) is the adsorption capacity when adsorpteaches equilibriungy,
(mg/g) is the theoretical saturation adsorptionac#y, C. (mg/L) is the equilibrium
concentrationb (L/mg) is the Langmuir adsorption-related constarandKg (L/mg)

are Freundlich equilibrium constants.

1.4 4 (a) .
1.2 1

1.0 1
0.8

oo

0.6 1

C./q. (g/L)

0.4 1
0.2 -

0.0

0 50 100 150 200
C, (mg/L)
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Fig. 11 Fitting the adsorption isotherm by (a) Langmuid &) Freundlich models
(the black points and red line present the expertai@and simulated values,

respectively).

In order to get the saturated adsorption capacftythe COF-TpPa-1 and
determine the adsorption type, Langmuir and Fradndhodel were used to fit the
experimental data. The results are illustratedign EL (a), (b) and Table 3.

The results of calculation and simulation indicatkdt the behavior of U(VI)
adsorption onto COF-TpPa-1 are fitted well by tlEgmuir model, suggesting that
the adsorption behavior is monolayer-type. Howethex, Freundlich model is widely
used in describing multilayer adsorption proces6].[SThe fitting line of the
Freundlich model is not matching well with the beba of U(VI) adsorption onto
COF-TpPa-1, which is monolayer-type. And the datien coefficient % of
Langmuir adsorption isotherm model was greater tharFreundlich model. It means
the Langmuir model was more suitable than the Ktz model for describing the
adsorption process of COF-TpPa-1 on U(VI), whicmdastrated that the adsorption
of U(VI) onto this adsorbent was dependent on thapletion of the chemisorption

monolayer.

Table 3Isotherm parameters of Langmuir and Freundlichetsod
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Langmuir model Freundlich model
Gm(Mg/g) b (L/mg) R Ke (mg"g™L") Un R

Adsorbent

COF-TpPa-1 168.1 0.0672 0.9965 32.3288 0.3198 0.8405

3.5 Thermodynamics

The effect of the temperature which was studied=&98, 308, 318, 328, 333 K
on U(VI) adsorption by COF-TpPa-1 is shown in Fi. As can be seen, the
adsorption capacity of COF-TpPa-1 increasing rgpith the temperature from 298
K to 333 K, denoting an endothermic process. Therntiodynamic analysis is

calculated according to Egs. (8) and (9):

AS AH
InKe =2~ Rr ®

AG=AH -TAS 9)
where4Sis entropy change (J/mol-KJG is Gibbs free energy change (kJ/mal)s
temperature (K)4H is enthalpy change (J/mol-KR is gas constant of 8.314
J/(mol-K), andKy is partition coelcient.

To acquire the thermodynamic data of the adsorppiatess, the plot of Ky
versusl/T was used to calculate the enthalpy of the adsargirocess according to

the slope and intercept of its linear equationc@lakion results were listed in Table 4.
AH is positive and greater than 40kJ/mol. It meara this reaction is mainly a

chemical endothermic process. Positik&indicates that the adsorption reaction can
be proceed in the ambienets is negative, so the reaction can proceed spontigheo
Gibbs free energy decreases with increasing teryerandicating that an increase

in temperature promotes the reaction.
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333

334 Table 4 The thermodynamics parameters of U(IV) adsorption.

AG/kJ-mol*
Adsorbent AH (kJ/mol) AS (J-K*mol™)

298.15 308.15 318.15 328.15 333.15

COF-TpPa-1 48.605 221.77 -17.515 -19.733 -21.950 -24.168 -25.277

335 3.6 Recycle

336 Adsorption and desorption experiments were peréarfior 4 times, the repeated

337 availability of COF-TpPa-1 was shown in Fig.13. @& be seen, the remove rate of
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U(VI) by COF-TpPa-1 have not reduced during cydtesmn 1 to 4 in sequence. The
remove rate of U(VI) by COF-TpPa-1 was about 70%ndufour cycles, it has not
reduced. This indicated that the chemical stabdft¢ OF-TpPa-1 was very well. The
desorption eiciency was about 96% in four cycles. The elutioncpss did not

damage the material and it was reused for fouresyskith no observation of

extraction capacity loss.

- Removal rate

Desorptlon rate

100% A
80% 1
60%
40% 1
20% 1

0%

Cycle 1ndex

Removal/Desorption rate

Fig. 13Recycling for the adsorption of U(VI) by COF-TpRa-
3.7 Effect of competitive ions

In practical applications, the system of uraniwsa@ption usually contains many
other metal ions. Thus, the selective separatiofityalof COF-TpPa-1 towards
uranium was confirmed using batch adsorption exrpanmis in solution containing 6
coexisting ions (U&, Cr*, SF*, Cd*, Cs, Mg®). As shown in Fig. 14, thge for
U(VI) is up to about 150 mg/g, which is far moreaih others. The results
demonstrated the high selectivity of COF-TpPa-1i(vI).
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Fig. 14 The competitive sorption capacities and selegtiwitCOF-TpPa-1 for U(VI)

over competing ions (50 mg/L for all cations, t=480 min, m=10 mg, T=25)°

Conclusions

For effective adsorption of U(VI) from aqueousdimn, the COF-TpPa-1 was
prepared through solvothermal method. The resuitsvsthat such adsorbent can
effectively adsorption U(VI), leading to high adgton capacity up to 152 mg/g. The
value is comparable with some COFs for such purtpdke adsorption process of

COF-TpPa-1 strongly depended on pH value and teatyrer. Adsorption processes
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corresponded to the Freundlich model and pseudmseorder kinetic model. The
calculation results of thermodynamic study show tie adsorption process was
endothermic, freedom increase, and spontaneoustiaeacdn adsorption and
desorption experiments, the adsorbent shows goewhichl stability and recyclability.
The selectivity experiments results demonstratedhigh selectivity of COF-TpPa-1
for U(VI). XRD patterns for the U(VI)-loaded samplenatches well with the pristine
samples, suggesting its high chemical stabilityneaier loading of U(VI). The SEM
images shows a radial cluster structure of COF-ThH&A-IR have clearly shown the
formation of thef-ketoenamine-linked framework structures. Over@DF-TpPa-1
shows high adsorption capacity for U(VI), good cleahstability, high selectivity
and recycle performance. It can be used for treattnnadioactive waste water

containing uranium.
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1. The covdent organic frameworks-2,4,6-Triformylphloroglucinol p-Phenylenediamine
(COF-TpPa-1) was synthesized by solvothermal method, and applied in the removal of U(VI)
from aqueous solution.

2. COF TpPa-1 owns dramatic chemical stability (in 6 M HCI, 6 M NaOH, 1 M HNO3 and 1000}
soaked for 3 days keeping intact structure).

3. This material owns high adsorption capacity (qn=152 mg/g) and excellent recycle
performance (almost unchanged removal rate after four adsorption and desorption cycles).



Graphical Abstract L egend:

Covalent organic frameworks (COFs) represent an exciting new type of porous organic
materials, which are constructed with organic building units via strong covalent bonds. In this
study, the COF-2,4,6-Triformylphloroglucinol p-Phenylenediamine (COF-TpPal) was
synthesized by solvothermal method for the removal of U(VI) from agueous solution. The results
manifested COF-TpPa-1 has the high adsorption capacity (g,=152 mg/g), quick adsorption kinetic,
high selectivity, outstanding recycle performance and good resistance to acids, bases and high
temperature.



