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Abstract: Carbon nanotubes(CNT) with plenty of oxygen containing functional groups were
successfully prepared by the ozone oxidation method. The contents of oxygen containing
functional groups in the samples were determined by organic element analysis, XPS element
analysis and the Boehm titration. The special surface area, pore volume and pore diameter
were measured. Results show that the contents of oxygen containing functional groups
increase 3-7 times after modification. This ozone modification technique is significantly influ-
enced by temperature. The adsorption performance of the modified CNT for uranium from
aqueous solutions was investigated, and the optimum adsorption conditions were obtained.
Results show that CNT without modification has poor adsorption efficiency, and the maxi-
mum removal rate of uranium is only 78.0%. The adsorption property of the modified CNT

is significantly improved due to the increasing contents of oxygen containing functional
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groups, and the maximum removal rate of uranium is up to above 95. 0%.

Key words: carbon nanotube(CNT); ozone oxidation; uranium; adsorption
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Fig. 1 Oxygen contents and total oxygen contents
on CNT surface(insert is ozone decomposition

rate of blank samples)
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Fig. 2 BET surface area(a), pore volume below 5 nm(b) and

pore size distribution curves(c) of CNT and modified CNT
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Fig. 4 Effects of solution pH(a), adsorbent dosage(b), and shaking time(c)

on uranium removal efficiency

L PRP5 30 min a2 B WU AE pH R i
B 4 Ch) R R 2400 B 9 B i 5 VR R 0] 45 Jon 2 1) A
AT 380 » 2 o R R R 25 BRASOR S B S b T
A S BT 8 T80 v R ) DI e R A R 4
B 30/ » Al i) OB A5 P R AR AR AR AR L Al 2 PR
REE IR AR M T REU R CNT,
TERR AR T SO o0 il 1 25 BR R B 2 A5 D

M. CNT R 1 £ .25 44 .52 K5 0 e fE
P 1.0.1.5.0.5.2.5.1. 5 g/L. g K = %
ROy R R 78.0%6.92. 6%6.85. 876.83. 226l 94. 624,

XFTHI A e R S 10 mg/L @Rl . 4 pH
{4350 6.5.5. 4.5 B 0 B 550 43 o &t 43 591 Oy
1.0.1.5.0.5.2.5.1.5 g/L B}, 4R % W A 4f CNT
M1z 22 42 F5 & A5 280 8OR 197 e s T



B4 EWAE.

B4 S A B B A A o ) R R 1 i

271

4Cc), HIEL 4 Co) AT . 7 W B H 400, W% B 3 22
TE Tk 98 2K A8 3 TR PN B0 AL N A7 5 Bl o O A o
T VR BRF 358 A A7 /L o R T AL PN B OR T
B TR A BE Ty o DT e W S i 2 3 T A
CNT, 1# .24 .42 fl 5 K5 7E 30 min Z Y
AR B W BT A7 fe K R BR R A I 78.0% .
97.8%.94.6% . 84.4% f 97.6% . 4, 45 &
F1RE 4K F AR A FE 5T A5 2 0 Y
SR T IO AU BRI S RN ] RO
() A0 A Xt 7 A A (R A G B AR . 3R 1 TR Y
ST R BN ARG MR CNT 1 & A& fl A
B AE AT M B 34 Fe AT o DR ok L 25 A A R IR e 22 5 i R
DA PP o 4 2 A O I 3 400 R AU RE AT VR
JEE AR ARG o PRt W B 52 3 e W R 1 BB S R 2%
I AT A EE S O E W S AU Re MR S
AR E—EMIEL LR, W&, Y h &
ST RE T D2 S A R O T SR RN A AR
SCHRL21 AT 0, 3 46 55 40H BB T 5 il 9% 25 1 2 1]
F14 W o6 D B 2 A G 4 R LI 5] AR PH B -
m SEAE HIPL

TAh R T A Hl s CNT 5 H A A Ak
VP (1 5 40 DK A X Al 1) Jie K IR B o . Zhao A
Tl A5 424k TR0 1) 22 BE Bt 49 DK A5 ) 4l Y e R IO o
o 29. 99 mg/g, Schierz 455 il 2% 1) 4 A0 BCHE Bk
YK AE X Bl Y S R B B AT A 45. 93 mg/g. A
AR bl e i B 0 0 R & etk i CNT
X il ) die KB O 21, 38 mg/ g, TR AR AL
PEJG I CNT X il i) f R W B 3 75 21 B 48
mJ ik 45.23 mg/g.

3 & &

(1) SRR E A AR CNT BE47 8k 15 2
FLA AR 5 3 0 E BE 100 ol e i 4 oK A8 ik
BT T A [) e 2 1 6 6 | I 54 R PN T 55
AE R X IIRE L AL H 5 7 50 CLAIN B4,
40 °C B 2 1 7 AU R B SRR IR RO A i o
8. 30 %l 5. 24 %,

(2) B S oot b 3 = A 5 S0 RE TR
TRRYA KA ) R 1 FLAIE T 5 nm fLARFH,
Hh R I 5 119 DR AR R T AR TN AR 5 R 4R
HEEHWE 2 —ENERMEXR,

(3) XF T4 4 B & ¥k By 10 mg/ L B 5l ¥
W18 .22 45 F15 & WA R0 Rl 7 v 1 56 31
R B L BRBOR B AR B 25442 - pH 4351y 5

# o T

545 B 1.5.0.5.2.5.1.5 g/L; %
B SP-A87 F E] 34 A 30 min, Xl A8 85 K 25 Bk 340 )
97.8%.94. 6% .84. 4% .97. 6%, i AR M A CNT
T i DU PR A8 2% 24 pH=6 Iy 1.0 g/ L,
PG5 F A1 30 min B, e R RBRRAE 78. 0%,

(4) FES AW S5 F R s i 5 Fra 545 1
REUPER) CNT Xl Fc W B 34 21. 38 mg/ g,
7 5L A P IS B9 CNT b 4 4 s K W% 42 15
F W] 4 R L Tk 45. 23 mg/g.

S 23k

[1] Chen SP, HongJ X, Yang H X, et al. Adsorption
of uranium( V]) from aqueous solution using a novel
graphene oxide-activated carbon felt composite[ ] .
J Environ Radioactiv, 2013, 126(4). 253-258.

[2] Lingamdinne L. P, Choi Y L, Kim I S, et al. Prepara-
tion and characterization of porous reduced graphene
oxide based inverse spinel nickel ferrite nanocomposite
for adsorption removal of radionuclides[ J]. J Hazard
Mater, 2017, 326 145-156.

[3] Guo X, Feng YR, Ma L, et al. Phosphoryl function-
alized mesoporous silica for uranium adsorption[]].
Appl Surf Sci» 2017, 402 53-60.

[4] Mahfouz M G, Galhoum A A, Gomaa N A, et al.
Uranium extraction using magnetic nano-based par-
ticles of diethylenetriamine-functionalized chitosan:
equilibrium and kinetic studies[J]. Chem Eng J,
2015, 262, 198-209.

[5] Houhounea F, Nibou D, Chegrouche S, et al. Be-
haviour of modified hexadecyltrimethylammonium
bromide bentonite toward uranium species[ ] ]. ]
Environ Chem Eng, 2016, 4(3): 3459-3467.

[6] Alshammari A S, Alenezi M R, Lai K T, et al.
Inkjet printing of polymer functionalized CNT gas
sensor with enhanced sensing properties[ J]. Mater
Lett, 2017, 189. 299-302.

[7] Xia Y, Li Q, Wu X F, et al. Facile synthesis of
CNTs/Caln, S, composites with enhanced visible-
light photocatalytic performance[]J]. Appl Surf Sci,
2017, 391. 565-571.

[8] Ahmad A, Razali M H, Mamat M, et al. Adsorption
of methyl orange by synthesized and functionalized-
CNTs with 3-aminopropyltriethoxysilane loaded TiO,
nanocomposites[ J ]. Chemosphere, 2017, 168: 474-
482.

(9] BROGLNE . AEih . B4R, 55, S0 Bk 49 K A8 XK Ak vp oK
{19 0% W6 A RE F 5 LT . PR BT TR 241, 2011, 5(7)



272

Bz Sicter H40%

[10]

[11]

[12]

[13]

[14]

[15]

(16]

1473-1476.

Bayazit S S, Inci 1. Adsorption of Pb( [ ) ions from
aqueous solutions by carbon nanotubes oxidized
different methods[ J]. J Ind Eng Chem, 2013, 19
(6): 2064-2071.

Shih M W, ChinCJ M, YuY L, et al. The role of
oxygen-containing groups on the adsorption of bis-
phenol-A on multi-walled carbon nanotube modified
by HNO, and KOH[]J].
2017, 112(B) . 308-314.
Tan X L, Xu D, Chen C L, et al. Adsorption and

Process Saf Environ,

kinetic desorption study of “*"™ Eu(][l[) on multi-
wall carbon nanotubes from aqueous solution by
using chelating resin and XPS methods[J]. Radio-
chim Acta, 2008, 96(1). 23-29.

Druchok M. Holovko M. Carbon nanotubes as
adsorbents for uranyl ions from aqueous solutions: a
molecular dynamics study[J]. J Mol Liq, 2017,
228. 208-214.

Deb A, Mohanty B N, Ilaiyaraja P, et al. Adsorp-
tive removal of thorium from aqueous solution using
diglycolamide functionalized multi-walled carbon
nanotubes[ J ]. ] Radioanal Nucl Chem, 2013, 295
(2): 1161-1169.

XUWUR 254 0, B WA . %5, Ak SR b 2 BE Bk A
KA W B i B 9 LT ] AL S U A6, 2011, 33
(5):285-290.

Schierz A, Zianker H. Aqueous suspensions of car-

bon nanotubes: surface oxidation, colloidal stability

[17]

[18]

(19]

[20]

[21]

[22]

(23]

and uranium sorption[J]. Environ Pollut, 2009,
157(4) . 1088-1094.

Wang X K, Chen C L., Hu W P, et al. Sorption of
3 Am([[) to multiwall carbon nanotubes[J]. Envi-
ron Sci Technol, 2005, 39(8): 2856-2860.

Chen C L, Li X L, Wang X K. Application of oxi-
Th(IV)
adsorption[ J]. Radiochim Acta, 2009, 95(5): 261-
266.

Chen C L, Li X L, Zhao D L, et al. Adsorption

dized multi-wall carbon nanotubes for

kinetic, thermodynamic and desorption studies of
Th(IV) on oxidized multi-wall carbon nanotubes [ J].
Colloids Surf A, 2007, 302(1-3): 449-454.

Sun Y B, Yang ST, Sheng G D, et al. The remov-
al of UCV]) from aqueous solution by oxidized mul-
tiwalled carbon nanotubes[]J]. ] Environ Radioact,
2012, 105(2) . 40-47.

Pan N, Li L, Ding J, et al. Preparation of graphene
oxide-manganese dioxide for highly efficient adsorp-
tion and separation of ThC(IV)/U(VI)[J]. J Hazard
Mater, 2016, 309:. 107-115.

Zhao Y, Zong P, Li Y, et al. Fabrication of oxi-
dized multiwalled carbon nanotubes for the immobi-
lization of U(V]) from aqueous solutions[]J]. J
Radioanal Nucl Chem. 2015, 305(2) . 361-369.
Schierz A, Zinker H. Aqueous suspensions of car-
bon nanotubes: surface oxidation, colloidal stability
and uranium sorption[J]. Environ pollut, 2009,

157(4) : 1088-1094.





