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Preparation of urea-modified walnut shell porous carbon
and itsremoval of iodine
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Abstract: A high-performance porous carbon material (WS-Urea) for iodine capture was prepared using agricultural
waste walnut shells as carbon matrix through urea-assisted potassium hydroxide activation, and characterized by SEM,
N, adsorption-desorption, XPS and XRD, followed by evaluation on its ability of gaseous iodine capture, with the
porous carbon loaded with gaseous iodine further characterized. The iodine capture mechnism was analyzed. The
adsorption kinetics and adsorption isotherm characteristics of WS-Urea for the capture of iodine in cyclohexane were
analyzed. The results showed that the porous carbon exhibited an ultra-high specific surface area (3395.97 cm’/g) and
micropore volume (1.39 cm®/g), and achieved an iodine capture capacity of 3161 mg/g within 6 h. Under the conditions
of m(walnut shell) : m(KOH) : m(urea)=1 : 1.5 : 3.0 and activation temperature 900 °C, the maximum iodine capture
capacity reached 6248 mg/g. The microstructure predominantly facilitated physical adsorption of iodine, while
chemical adsorption, mainly by hydroxyl groups, played a secondary role, which led to the charge transfer of some
trapped iodine in the form of polyanions. The removal rate of porous carbon with a mass concentration of 0.4 g/L to
cyclohexane-iodine solution with an iodine mass concentration of 100 mg/L at 90 min reached 86.62%. The kinetic and
isothermal analyses suggested that the physical monolayer adsorption was the predominant mechanism, while the
thermodynamic analysis indicated that the adsorption process was exothermic and proceeded spontaneously.
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Fig. 2 SEM images of WS-Urea (a, b) and WS-KOH (c, d)

at different magnifications
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Fig. 3 N, adsorption-desorption isotherms (a) and pore
size distribution curves (b) of porous carbon
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FRIAT SR IGEBiR B, & WA DR 28 10 i B AV PR (o k1 S ) 2%
¥ kAT I R AE, SR WS-KOH T HA L
PEBT YEARATSS A B, WS-Urea A% T WS-KOH E.
AHEERSREE, FHNTHAAEEZHMILEY, X5
BET %5 AT o
25 HBIRMSSHMBIKERES T
KA 1 PR 3 s I T SR SE 8, 25
RILE 6.
3500
3000

)

N
W
(=3
(=)

2000 -

—e— WS-Urea
—— WS-KOH
1000+ ——WS-C

KR/ (mg/g
2

0 60 120 180 240 300 360
st B8] /min
Kl 6 AEZ AL A B RrEfe
Fig. 6 Capture performance of gaseous iodine by different
porous carbons
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Table 2 Pore structure parameters of porous carbons with
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Table 1 Todine capture capacity of different materials Sper/(m?/g) 2963.36 2704.92
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% (WS-ZnCl, )

B ook £ Lok 2751 80, #pZs 2620 [41]
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¥ (NTP)

LIRS IL R AW 526 75, #A& 0 1390 [46]
(NOP-55)

& J® - A7 DUHE 42 44 R} — 75, #A& 0 2160 [47]
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Fig. 7 Effect of porous carbon prepared with different urea
dosages on capture performance of gaseous iodine
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Fig. 8 Effect of porous carbon prepared with different

activation temperature on capture performance of
gaseous iodine
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Table 3 Pore structure parameters of porous carbon activated
at different temperature

EALIEIE/C Sper/(m/g) Vaien/(cm/g) -3 $L42/mnm
300 7.34 0.0026 16.70
400 6.64 0.0025 34.90
500 1246.92 0.49 7.11
600 1769.41 0.70 5.47
700 3360.29 1.38 4.63
800 2963.36 1.18 426
900 2684.77 1.07 3.39
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X ML e e AR AR R . R TEALIREE R
300 CHFZHALR I Sper 1 Viniero I TG ALIREE 600 °C
BFE 2o, HHMEREE S, JFHOARE
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Fig. 9 Effect of porous carbon prepared by different precursors
on capture performance of gaseous iodine
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Table 4 Pore structure parameters of porous carbon prepared
from different precursors

GIELSEN Sper/(m*/g) Vmiero (cm®/g) FHFLAE /am
JR% 2963.36 1.18 4.26
i 1310.67 0.55 8.24
XU 841.10 0.35 4.54
= RE 689.56 0.29 6.43
M B ) 2 137.57 0.057 9.32
R 133.77 0.047 8.29

M 9 FiZk 4 a] LUE iR bl A 2 fL K Sper
5 Viniero FIB/INITTIZWIREAR , X i — 20 B0k 1 L3R
AL AE U SR P P EE M. BB, PRZBEAE M
IX AR & 1 2L B ORI IR TR, X ATRe S
PRZAE S R rh B L A5 A

S T i — 25 R Bl AR LAR /N R )1 R
SR I -7 N F AR e i B = DO RN 1 DO BN
HhE, ZERILE 10,

2000

—e— JHR AR LR T BERR KA 1~2 nm
—a— SUBERRAIKE2~4 nm

—— ZRERAPKE (K ) <8nm
—o— ZERERYOKE (K ) 10~20 nm
—— ZRERYPKE (K ) 20~30 nm
—— ZEERYPKE (K ) 30~50 nm
—a— ZERYPKE (K ) >50 nm

1500

1000 |

gk R/ (mg/g)

500

0 60 120 180 240 300 360
Fisf 8] /min
B 10 AR FLARBR A0 AR A UL 0 1 F) 52 T
Fig. 10 Effect of carbon nanotubes with different pore sizes
on capture performance of gaseous iodine
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Fig. 11 Effect of water vapor on capture performance of

gaseous iodine
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Fig. 12 Retention performance of WS-Urea@l at room
temperature and ambient pressure
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Fig. 13 TG curves (a), XRD patterns (b), XPS survey spectra
of WS-Urea before and after iodine capture (c);
High-resolution 1 3d XPS spectra (d) and Raman
spectra (e) of WS-Urea after iodine capture;

High-resolution O 1s XPS spectra (f) of WS-Urea
before and after iodine capture
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Fig. 14 Schematic illustration of mechanisms of iodine
capture by WS-Urea
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Fig. 15 Desorption (a) and cycling performance (b) of porous
carbon for gaseous iodine
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Fig. 16 Capture of iodine by different porous carbons in
cyclohexane
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Fig. 17 Pseudo-first-order and pseudo-second-order kinetic
models fitting curves of WS-Urea
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Table 5 Nonlinear fitting parameters for pseudo-first-order
and pseudo-second-order kinetic models

EIpIES 24 g
WE— 2 g R R 0.9996
q./(mg/g) 214.73
ky/min™! 0.6422
i S PAK ey i R 0.7588
k>/[g/(mg-min)] 2.6022
q./(mg/g) 197.71
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Fig. 18 Fitting curves of Langmuir and Freundlich isotherm
models for WS-Urea
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Table 6 Nonlinear fitting parameters for isotherm models

SR AR R Bl
Langmuir R? 0.9968
Gmax/(mg/g) 605.83
Ky/(L/mg) 0.0050
Freundlich R? 0.9856
Ki/[(mg/g)(L/mg)"""] 15.921
n 0.5402
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Fig. 19 Fitting curves of thermodynamic model for WS-Urea
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Table 7 Fitted thermodynamic parameters

N /K
e 2
298 308 318
Kq 16.19 12.11 9.25
AG*/(kJ/mol) —23.40 —23.44 —23.49
AH'/(kJ/mol) ~22.04
ASY/[(J/(mol-K)] 4.56
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