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Fig.2 Effect of pH value on uranium removal
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Influence of rotation speed on

uranium removal
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Fig.6 Effect of initial uranium concentration

on uranium removal
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Table 1 Model parameters of Langmuir equation and

Freundlich equation at room temperature

Langmuir Freundlich
wE 0./ b/ K/
1 B R L R
(mg-g™") (L-mg™) (mg-g™")

i 20.83776  0.499  0.98681 9.72925 0.22559 0.900 15

BIADEHRZE (R, #—F 8 Langmuir J5 72,
MA(S) THE B 25 TRk EER N, <
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Fig. 10  Adsorption fitting and parameters of different kinetic models
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Table 2 Thermodynamic parameters

K AG/ AH/ ASY/
(KJ-mol 1) (KJ+-mol 1) (J/mol -K)

289 -7.63

308 -4.59

318 -1.148

328 -0.18 —-46. 67 138.17
338 0.28

348 1.24

358 2. 14

368 3.49
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2eAg R, CTAB 3 £ F1 CTAB/CTS-B W Bl f=
(R FEA B B b B s, B B iR e ok
3.4.4 XPS 43y

& 15 & CTAB/CTS-B W B4l A, J5 i XPS 3%
K, ME15(a) Al LLE ), Wl /5 CTAB/CTS-B 1y
XPS g i BT oo &R, Z AP CTAB/CTS-B
BB s AL 15 (b)) BT LA H Sl 2 DL 7S A g
TRk FE " A 15 () LB, C—C i 5



2023 4F 4 A2 ) BUNG Ao bk = L B T BB A SR x5 BROK 9 25 BR S PR RTA

- 133 -

301

20

S eV

10

B 12 SEM 4r#t
Fig.12 SEM analysis

40

30

BTV
S

10

(b) CTAB/CTS-BWEf})5

13 EDS A/t
Fig.13 EDS analysis

Si
Spectrum 1
o
[ Al
cl MJ
e K Fe Fe
Jﬂr M'} .\« + L L L L I 1 ! ]
2 4 6 8 10 12 14 16 18 20
e /keV
(a) CTAB/CTS-BW Fff a7
i Si
Spectrum 8
Mg
Lo A
€O ooy . v
| e Fe U U U U U
2 4 6 8 10 12 14 16 18 20
ek /keV



C 134 - T E A & S 4 LZ&F A SRR
N R e
A ~N N
~~d= #
1‘0 ZIO 3I0 4‘0 5‘0 6IO 7I0 3.0 3.5 4.0 4.5 5.0 5.5 6.0
20/(°) 20/(°)
(a) IR (b) BEIEXTLE
B 14 KARIZIE L FecrE e £ XRD Eik
Fig.14 XRD patterns of natural bentonite and modified bentonite
Ol 381426V U4f
39.2'04 eV .
Cl
s OKL2 )
L’4f1 Si2p
[ o
{@ Ols 4@
. Cls
AT oKL2
Si2p
12‘00 1600 860 6(I)0 460 260 6 395 390 385 380 375
&Ry 44 ReeV
(a) BRHE M AT 5 S S A (b) i RXE 23S
. Nls 0Ols
Cls C—NH =0
44 C—C 402.09 531.30
| 28471 CNI,
402.62 O0—H
530.21
B
i 3
S WA
‘—M, -
- o o0 Nls i
i C—NH \ Ols
= 5= 402.13 " = )
C—NH
< 401.58
o o W5 Bf AT
%@Q’D @ a5 q
° %o, 2
A =2 .
D

1 1 1 1 1 Il Il Il 1
298 296 294 292 290 288 286 284 282 280

1 1 1 1 1 1
404 403 402 401 400 399 398 397

544 542 540 538 536 534 532 530 528 526

4 4 flfeV S ftleV 2 £ ftleV
(c) EHTKEAL (o) AR (e) SR

15 BB BT IS ) XPS 5 K]

Fig.15 XPS spectrum of the material before and after adsorption

ok

C—O Mzl m 255 BT, W
JEFHL T 2 R AR, HL T 1) BRI

CTAB/CTS-B *F 4l1 4 W [ 77 76 4k 2% W B0 5 M

SEMER C
JE T 5%, Ui

25 S RET R,

285G L3 IR

K 15(d) A AFE H,C—NH 5 C—NH, Wi a5, &

HL -2 5% B RAI, e Il 5 3 & A
15(e) ATLLEH,0—H il C =0



2023 44 A2 M

BN o bedE = BRGSO R A IR X S ROK B L BR S ALY - 135 -

B E 25 AR & AR TR, R M E 4 A AR
M, Wi, BEMRERSS T RN,
XPS 7 Hr R W C—C ., C—0 & | 72 il pk L 7E
CTAB/CTS-B W Bl b &4 T HEWVER
3.4.5 LM T

HH L 16 AT, 4 FhobA et 35 10 301 g £ i i
W %4 000 ~3 500 em ™ 22 A 9 W WU Ky Al—
O—H B AR IR 2 WIS |3 434 em ™' b IR AL UG
Shy R A 2 ) 25 8 KR R B A 4 ik Bl I i 0
1632 cm ™' Ab I USCIE S 2 [B] 7K 43 F O—H 25 il 3k 30
WS4 1019 em " A W AL Sy 2 10 = A v /T R
Si—O—Si [ %e iz s i . CTAB i + A
B+ 5 E A e, 2040 )6 3 7E 3000 ~
2500 cm "' BRI LT 2 AN Il wT LRGSR
7Pt Sk = R IR B A S SRR I —CH—X AR I
X FR A AR I 2 WSO, ROPE S C—H X RR S 0 1
B £ 1 1449 em ™' 3 BB E 1 446 em ' 5
1489 em ™ '4b., CTAB/CTS-B 5 CTAB J#iH + %f [,
FHARE A 2913 em ™' 5 2 853 cm ' Ak W AT I T AR
S 5, U ST RAE LR R T, A b
XRD JZ R AL 45 , Ui B 55 MR -7 b3k =
H IR Ak e 3 A+, B A A REA R
CTAB/CTS-B W it 4l J& -5 W Bt 115 AH L, —NH, 5§ 1E
W |y W BfE RGBS 3 407 em ' % B B W K S Y
3435 em ™' BIEEH W RTAY 1 643 om ™' B8 5 2 0 B
JE 1627 em ™' FREE R HTAY 3 407 em ™' B3] F]

W2 B4 IS Y 3 435 em ', PR, MEIRR AL R BE R
FAE CTAB/CTS-B W Ffkh v 5 98 T ZA/ER, X
WIIE T XPS B ZENF4E R

CTAB/CTS-BIE [ f5

1627
CTABJZ#d L. 1469

CTAB/CTS-B 1489

3407 w1643 46

TR

1 449

4000 3500 3000 2500 2000 1500 1000 500
Wek/em™

B 16 ARSI AT

Infrared spectrum analysis of materials

Fig. 16

4 CTAB/CTS-B e e M K pif
4.1 CTAB/CTS-B FaE M

% & 3| CTAB/CTS-B 7 f# I AT 58 2 & 4 it
Mr, S0 F e B BE 7, I L, CTAB/CTS-B 19 Fa 5E 1
BRAE LR N B 25 jE g B 2R g P 3
HELIE] R pH X CTAB/CTS-B fift b (1 5%
Wi, ph% 3 AAL, I EE U ) %) CTAB/CTS-B Y4
SEPERZ AR /N | 560 R ISR A8 I K, AR i) S 5k
(pH =2) ANF] T CTAB/CTS-B AR EME,

3 CTAB/CTS-B H & 1 i 75 7K o ffr o e

Table 3 Precipitation concentration of surfactant in CTAB/CTS-B in water

TOC(FIE])/(mg-L~")
e ¢

TOC (IR )/ (mg-L~")

TOC(pH)/(mg-L~")

13 min 200 min 2 000 min 30 C

45 C 80 C 2 7 12

1 1.63 2.18 2.31 1.97

1.99 2.29 5.81 1.31 3.76

4.2 CTAB/CTS-B BB 4

H PR I AR E RE B F B bR . R
TOC 256 F1 A 2R 5256 ] 158 R A T CTAB/CTS-B
(IR RFE, SR 0. 1 mol/L 5 R ¥ W AE 5 IR % He gk
THE, ME 17 %0, CTAB/CTS-B 28 5 WG4
A JE Xl Y 5 B R AT T 60% , Ui BH CTAB/CTS-B
HABF B SR M,

5 458

1) i 28 CTAB SR K T ZMEE, 5 T

FERMEIEZ 5 04, =2 A ot s i A5 7S e
=B B 7 RS G+, IR R
XFURIE R 10 mg/L (& BlUE K 4T 5B , TR A
2N, EBRFERT 9% .

2) CTAB/CTS-B % 10 mg/L )2 8l % /K i) - 45
W BHAR FISGG Langmuir 5 F2 , #8724 500 2 R IR
A R AR AR A R R, B G AT
B UE ) 127 Elovich s f12F 05 #8  2 BH [ LA
U3y Ee

3) i@ X CTAB/CTS-B HEATFRAE, 4341 W2 fF HL



£ 136 - v E A E & & 6T A SR
100 of Chongging University, 2010, 33(5) : 120 - 125.
(5]  GRARMT, B ARy, 20080 45, FRSEm IR A O g e XA Ay %
80 WERCR T AL (1], 524 bR 4, 2024, 41, DOL 10.
£ 60 13801/j. enki. fhelxb. 20230314. 003
‘k\ﬂ: ZHANG Yishuo, ZHOU Zhongkui, LI Longxiang, et al. Study on
% 40 adsorption effect and mechanism of uranium by hydroxyapatite
modified bentonite [ J]. Acta Materiae Compositae Sinica, 2024,
20 41. DOI:10. 13801/j. enki. fhelxb. 20230314. 003
0 [6] ks, J& ek, b7 5, 45 KH550 WCPE I - Xk B U
1 2 3 4 5 (VD) WL T ] A R TR, 2022,12(9) 1154 — 164.
TSR ZHANG Yishuo, ZHOU Zhongkui, YANG Shunjing, et al. Ad-
& 17 ?Eﬂ:ﬁ\ﬁ sorption of low concentration U ( VI) by KH550 modified bentonite
Fig. 17 Number of cyc]es [J]. Nonferrous Metals Engineering, 2022,12(9) ; 154 - 164.
(7] ks, F it i 55, BRI g LB E R 5 HA
PR, B 5254 A C—C .C—0 & B B ()] A AR RIS ,2022(10) 1124 - 134
%*ﬂ%%?{ CTAB/CTS-B []ﬁl}ﬁ‘%ﬂ;] [:sz%ﬁ T E%“ E/‘J ZHANG Yishuo, ZHOU Zhongkui, YANG Shunjing, et al. Prin-
’ﬁzﬁﬁo ciples and techniques for remediation of heavy metal contaminated
4)5%\%‘@ ﬁE%ﬂEE}FUFﬁ‘I‘i ﬁﬁﬁﬂ%o Ej&iﬂ%\ T(;l‘ [_]1]3.4 Nonferrous Metals ( Extractive Metallurgy) , 2022(10) .
LT ] A ’ R B N T £ 32 K o R R ) il A [8] Ping Jing, Meifang Hou, Ping Zhao, et al. Adsorption of 2-mer-
ﬁz%*ﬁ s %%Eﬁ CTAB/CTS-B Eﬁiﬁf%ﬁ@%ﬁﬁ H %}:H captobenzothiazole from aqueous solution by organo-bentonite[ J].
0.1 mol/ L E@ﬁ{ﬁ?&ﬁ%ﬁ?ﬁﬁ—}ﬁi ,5 mf@%ﬁ: Journal of Environmental Sciences, 2013, 25(6) : 1139 - 1144.
A J5  CTAB/CTS-B X4l (9 22 B =45 T 60% , 1 [9] XUT, PRl =, ?’f\‘?‘ai%, S5 TR ML R AT R B AR S LR
Eﬁﬁﬁ?ﬂ@iﬁﬂﬁﬁﬁo iEARAR %iﬁﬂ—% s 201?’ 33(8)‘; 2889 —2894.
LIU Juan, CHEN diyun, ZHANG Jing, et al. Study on the ad-
[j}%i@(] sorption characteristics and mechanism of uranium on Attapulgite
(1] okasml, JEfpiet, F28, 45 STAC BUtkA HLgE £ 2Bk [J]. Environmental Science, 2012, 33 (8) : 2889 —2894.
R UV [ T]. A @R GRIFIRY) , 2022(1) ; 127 - [10] FhEH, ™, FER, 5. 50R/CTAB &4 U rENgiE -
132. XHEPELT X-3B MMM D], FREERL 22, 2017, 37(2)
ZHANG Yishuo, ZHOU Zhongkui, WANG Siyu, et al. Study on 617 —-623.
removal of U( VI) from water bodies by STAC modified bentonite SUN Zhiyong, YAN Biao, WANG Aimin, et al. Adsorption of
[J]. Nonferrous Metals ( Extractive Metallurgy), 2022 (1): activated red X-3B on chitosan/CTAB composite modified ben-
127 -132. tonite [ J]. Journal of Environmental Sciences, 2017, 37 (2):
(2] SK3EWL, FADE, BILEE, 4. JI CTAB BCPEMGE 1 M ve 617 —623.
SRR 2R U (VD) [J]. @ikia 4, 2022, 41(2): [11] A Mellah, S Chegrouche, M Barkat. The removal of uranium
145 - 149. (VI) from aqueous solutions onto activated carbon: kinetic and
ZHANG Yishuo, ZHOU Zhongkui, YANG Shunjing, et al. Ad- thermodynamic investigations[ J ]. Journal of Colloid and Inter-
sorption and removal of U ( VI) from low concentration wastewater face Science, 2006, 296(2) : 434 —441.
by CTAB modified bentonite [ J]. Hydrometallurgy of china, (127 B&lE, Wk, xBmL, 4. 58 RBHE )2 I 0E 006 5 S ]
2022, 41 (2): 145 -149. XUV BRI D). /KA BEE A, 2016, 42(6): 76 - 80,
(3] BN BRAR AR, 55 B T B A e e Ak B2 il B K o Y 85.
WL T]. A4 )E TR ,2022,12(3) ;147 - 159. CHEN Jing, XIE Shuibo, LIU Yingjiu, et al. Preparation of chi-
FAN Xiaolei, RAO Le, YU Shujun, et al. Research progress of tosan intercalated bentonite and its adsorption on U( VI) [J].
new adsorption materials in the treatment of uranium containing Water treatment technology, 2016, 42(6) : 76 —80, 85.
wastewater [ J ]. Nonferrous Metals Engineering, 2022,12(3): [13]  Wk&%, ZEWE, X8, 5. HTMAC/KH550/ 1% i + W% [ 500 59

147 - 159.

(4] ATESL MRLD, RPUZE. CTMA 32 ot g i £ %t B 5L 1Y
WERPRREL )] ERRE24R, 2010, 33(5) : 120 -125.
REN Jianmin, FU Bianhong, WU Siwei. Adsorption characteris-

tics of CTMA intercalated bentonite for methyl orange [ J]. Journal

il AL LA B SRS K W AT (7). AL Tk
2017, 36(4) : 1374 - 1380.

YAO Pei, LI Shubai, LIU Yuan, et al. Preparation and charac-
terization of htmac/KH550/Bentonite adsorbent and its adsorption

behavior in methyl orange wastewater [ J]. Progress in Chemical



2023 4F4 HE 2 ) BUNG . AonbeE = TR/ SRR & IR S0 S KR B S PR - 137 -

Engineering, 2017, 36 (4) . 1374 - 1380. and stabilization of Cr ( VI) in soil by HDTMA modified montmo-
[14] Vipasiri Vimonses, Shaomin Lei, Bo Jin, et al. Kinetic study rillonite [ J]. Environmental Science, 2016, 37 (3): 1039 -

and equilibrium isotherm analysis of Congo Red adsorption by 1047.

clay materials[ J]. Chemical Engineer Journal, 2010, 148 (2 - [17] ZetthB, T22N0, 2208, . Mg/Fe EARW 48 LY+ K

3): 354 -364. WERE U (VD) e R e B LI L)), WA 4w, 2019,
[15] GEmETs, RIB. S8 T B Yy b 3 )y 2 S B g 24 52 43(9) : 920 -927.

[J]. AEWHA, 2008, 18(2): 29 -32. NIE Shiyong, WANG Xuegang, LI Peng, et al. Adsorption prop-

NI Xiaoyu, WU Juan. Study on biosorption kinetics and adsorp- erties and mechanism of mg / Fe layered bimetallic oxide materi-

tion thermodynamics of lead ion [ J]. Biotechnology, 2008, als for U ( VI) [J]. Rare metals, 2019, 43 (9): 920 -927.

18(2): 29 -32. (18] A2t SRILALMZIE 4 XKk i 5 & s & T W M52 [ D .
[16] dgkste, wtd, BRth, % HDTMA Sik5efi 3 138 Cr IR : WAJRIE Tl K2, 2021.

(VD) W B R EAb oS [T]. S EERE2%, 2016, 37(3): FU Xuebo. Study on the adsorption of carboxylated bentonite to

1039 - 1047. heavy metal ions in water [ D]. Harbin: Harbin Institute of

JIANG Tingting, YU Kai, LUO Qishi, et al. Study on adsorption Technology, 2021.

Removal and mechanism of uranium containing wastewater by cetyltrimethylammonium
bromide/ chitosan composite modified bentonite
FAN Xiaolei'****
(1. State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang 330013, China;
2. School of Water Resource and Environmental Engineering, East China University of Technology, Nanchang 330013, China;
3. Jiangxi Bureau of Geology, China University of Geosciences, Nanchang 330000, China;
4. Nuclear Industry Eastern China Construction Engineering Group Co. Lid. , Nanchang 330000, China)

Abstract; Treating low-uranium wastewater directly by natural bentonite has limited removal efficiency. The
adsorption capacity will increase significantly after modification, but the current modification technologies are more
complicated. In the paper, CTAB/CTS-B adsorption material was successfully prepared with
cetyltrimethylammonium bromide and chitosan as modified materials, and characterized by SEM, EDS, XRD, XPS
and FTIR. In this work, the adsorption performance and mechanism of CTAB/CTS-B for uranium were mainly
studied. The results showed that the maximum removal rate of CTAB/CTS-B for low-concentration uranium-
containing wastewater was more than 99% under the conditions of pH 7, dosage 3 g/L, adsorption time 2 h,
rotational speed 180 r/min and room temperature. The adsorption process conforms to the pseudo-second-order
kinetics and Elovich kinetics equation, and the adsorption behavior is complex with Langmuir equation.
Thermodynamic analysis showed that the adsorption enthalpy changed to negative, AG’ >0, adsorption entropy
change AS” >0. Analysis of adsorption mechanism showed that ion exchange, electrostatic adsorption, C-C, C-O,
amino, hydroxyl and carbonyl played an important role in the adsorption of uranium by CTAB/CTS-B, and the
removal of uranium was still good after five cycles, indicating that CTAB/CTS-B has good reusability. CTAB/CTS-
B has good adsorption capacity for low-uranium wastewater, and the synthesis technology is relatively simple, which
is more suitable for application and promotion.
Key words: bentonite; low-uranium wastewater; modification technology; cetylirimethylammonium bromide/
chitosan composite modified bentonite ( CTAB/CTS-B) ; adsorption material; adsorption mechanism; adsorption

capacity ; adsorption cost



