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 E AT KRR BOR Y — NI (AR S, FF & T — R 75 A I 2 BE B 40 K B (MWCNTSs-Mn) W%
BRI, O T B K b Ni(TD). 5 5 38 A8 Sk ik 77 MWCNTs-Mn (9 il £ 2540, 31 2 7 2% 55 T i
R 52 56 % 48 T MWCNTs-Mn X 7K A NiT0) (9 W% Bt 2 6, di Je 9k F 3 T8 9 fb 55 18 43 B T MWCNTSs-Mn Xt K
Ni(ID) B9 W B AL BE . 455 %00 . 78 KMnO, # i 2.1 g #A S LB A R 2.5 h, L E N 35 C i, MWCNTs-
Mn XF Ni(IT) W% B 3% i€ 5% 41, MWCNTs-Mn XF 7K F Ni(11) #9 5 R W B 4 AT 3% 22.37 mg-g!, WWEALRTR & T
16.61 4% ; MWCNTSs-Mn % 7K H Ni( 1) 9 W% B 57 FH Langmuir 2 36 0% B R (R*=0.996 2) A1 #E = B 5h 77 25 Wik B} 455 750
(R*=0.997 1) #8145, LTI B o 50 5% 7 )= W S AL AL “# W B 5 5088 P S8 AG AT AH e, MWCNTs-Mn #9 Hb L AL 2 FE A
T 72.25%, O HHHINT 12.68%, Xk WM 7 & AL 35 il T MWCNTSs-Mn 3= [ (1% 56 /K P 5 40U E B8 38 Al R L DR
oy o, JF 5K b Ni(I) /Y 2T 4% A 0 T B L W BRE AL RE o ok B A RE B AR Ak S BT Sy b R K rh
Ni( 1) 1945 50 22 B 4 R S0k .

KHEIR AL ZEEBRYURE WHE; Ni(D)

TR AR K W HE R 2 TS Y R K o B2 R Y A Ml K AR SR RO K R 2 e N iR fa R,
FE BT B R P2 R G I A AR A AT RS B, 1990 AF [ B A A 98 Ni( D) ARG )
MR BA IR it FREX K Ni(ID) fbRfEdsoRs ™4, (R /K iEbsifE ) (GB/T 14848-
2017) e, 125K Ni(lD) SRR 2 pg L', AW E LI, Ni(Il) 7EK LA P R 1
JoT v BE Y ME R 168.14 pg-L™",  Hrb SR A5 AR i A 0T o vk B O 480 pge L', 7R TR TR R ER VL BT
VI m B EW EWEeR, 290 1111 pg- L' A1 15.87 pg L7'C. HET, EER/KP Ni(ID) 7 655
A DITETE . BRI . B SR L MRS B IR R Bk AR o, MR A ERAE R A . AR HL
AopiE = ki5 gy, EETEERAKP NI W EETEZ —.

BT, T LBRK A NiCIl) B e B35 32 2 TE v U 2 BERR g oK A1 A0 U A 1
o Hrh, ZEERRYIKE (MWCNTSs) & — MR Mo 5], BA MR b2 Z R 45 & b 2s i e
Wi HER: 2021-02-25; R HEA: 2021-05-12

EEWB: HZ%ELITRTR GBI H (2018YFC0406404-5); 3 iy AL B 75 4F 24 % B B0 H (2020QN09);  H e i AL JE ARl
% PG I ¥E 4 9% B (2020YQHHO3)
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P B BB A0 KA RE, B2 T K b 4 R B I B F R 1Y, {H MWCNTS A5 b 40K A4 86 3% TR
gy AR U TR BOH K iR Ni(ID) i B e A PR . R, o 17 88 8 MWCNTSs 787K H Y 23
PERIE B RO, A X MWONTs SE172ebE . A9 & &80, etk MWCNTSs [ 55 o i o %
mAARIEN, LT 4N ] H,0,. HNO, Fil KMnO, A kAL B f5 i MWCNTs 2 W LBk H cd™, &5
F W, A A4 5 MWCNTSs 19 FL 25 Fi LG 2% 1 38 . W B g J0 3% 9, H 28 KMnO, A b 5 1Y
MWCNTs *f 7K 1 Cd* By W Bt 5 e K, 2 11.0 mg-g™'c FARGHALI 21" ] H,0, Al HNO, & &%) ] %
AL MWCNT, X Ni(ID) B BRR ATk 83%, X EZEH T H,0, Al HNO, S AL 1EH 7T AR MWCNT
PN A, 2R AT R IR MWCNT 23 B/ N, B85 7 MWONT B9 7 st JF
H AL A #E fF MWCNT 3R i /9% ACE B (1 4—COOH, —OHHI—C==0) i %k & K K34,
A DAL 2 b 22 0 B 7 . AHER Y, AL M MWONTSs 3 2208 38 0 3 FH A9 Ak, A 5]
KB MWCNTS 2 [fil 7= Az K it 19 S5 K & SV B BB SE AT R 3% . BB FITR OIS Jr K M & U A L 1A
— 7 TH BB AE TR T & A Ak B AT B AIR MWCNTs 26 THT Y Zeta B (57 (L, i 17 384 5 L 645 1F F 42 i B8 1
(Cu™. Cd*. Zn"FI Ni*'4) B e | 3™ 55— J5 TH o] B MWONTs Uk 22 1] g Ja fE 42 0,
1M 42 5 MWCNTSs 767K /1 (8 43 80, mIEE, S 7 iF—20 & R4tk MWCNTs 22K i 3 ik, A
W DR FRE S A 7, 22838 A 26V W A R BN T DR IR R A, 7 AR R Y R e e A
i o VU AEAE TR 45 FE— 2 ) MWCNTSs 1% 43 32,

KT BRI, ABESR B L a8 S A A B NI ) s 8 e ) ——
P A A2 BEIR 9K (MWCNTs-Mn), 3% 5 15— 7 AT 3 =y FLAE K i 43 8k, o5 — D 1 AT 3 5
XF7K A Ni(ID) W B R RE o B2, 8 B R 3R AR R ik Ak MWCNTSs-Mn (9 il 45 45445 S8 5 R H 30
125 R4 B 2% 5 T MWCNTs-Mn X K H NiCID) (090 B A% Rl 5 ) 2k T 2% T W AL s e R AR IR 5T
T MWCNTs-Mn %} 7K H Ni(I1) A0 BELER, DL Ak e Ni(ID) BA 3L B ki gt 2%
1 MR57F%
1.1 MRS

AHEFEE 1 MWCNTs g BRI TR A BR A R, 45480 50 nm, AT 224 60 °C T4
TR 24 . AR AR A SRR . R . AR SAKERRE . rIER
B TZEAMG . EDTAL &/K . BURBULER, 0 B bt -k T A BR ST~ Al .
1.2 BES L MWCNTs BE &5k

A W 5% 43 % % ] H,0,. HNO, fil KMnO, ¥f MWCNTs #k 17 &tk ek . B %6, # 15 gy
MWCNTs fil A 250 mL — & e B2 (i S A0 7 i, RIRAWE DS, 2R R B 75 A | 75 40,
PBEE KU W A 15~35 °C . @A B R 1.5~2.5 h, RG-S WU, 15 3 A 0 S A fk
MWCNTs, %8 KPS E B T 60 °C fHIRTHRA b 08 24 b, [EARE S A7 75 111

h T HE 25 P A AL MWCNTSs XK i Ni(ID) 1 W B i, ASBIFSE il 7 il 45 2k, %
AR A AL FISE (H,0,. HNO, Fl KMnO,). A LFI# it (2.10. 143, 0.75 g). #75 A LB H (0.5,
1.5, 2.5 h) FE = AR (15, 25, 35 C).
1.3 Ni(IT) #9 % Bt

AT 5 Hh Bl 7 2 R A5 R W B S 06 2 2 BB HOU 282 iff gy (i G e o o, sl Jy 22 W s 56
e Ni(TT) 80 46 53 6 3 5 150 mg L™, S R W B 52 56 v Ni(TD) 9 80 4 o ik ARl 1, 5. 10,
20, 50. 100 1 150 mg-L™", W BfHEEE R 25 °C o ASBFFE K Ni(I) BRI 7 ok T 0 fi5 430 ok
JE¥E (GB 11910-1989), H Ik SER AR U B ATHE, H SRR 24 HITE 19%~3%.
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1.4 MWCNTs B9 & {F

ARHEFE 43 531 % F Autosorb-iQ 1 #% (3 [E Quanta-chrome 23 7). 3% & 8F H1 4 i 7 & fi4% (SEM).
vario MACRO cube 7 Z 43 A7 (SR8 BL i A8 46 21 FP 5% 35 (Y (Nicolet 1S10 38 [E JE &5 1 /3 Al ) X 7 48 Ak
HI 5 B MWCNTs #E17 R MJE S 73 87 . BET LR M AAIFLASFLAR I E . Ju R 434 DL SR TS S E g
A 5317 -
2 #HR512
2.1 BES I MWCNTs B9HI ZF &Gt

Vol - N K= 1] SO = 5 [ == A <= A T DR WA DO D=
MWCNTs W fff 7K o Ni( 1) F9RLRE RZ o #R T 1(a) AT HT, 00 RI 3 a o 1.43 g 8 75 S0 AL (]
1.5 h AU A AL IR EE N 25 C i, 7E 3 R AL R, 4 KMnO, %A 4L J5 i MWCNTSs-Mn X Ni(1T)
() W% B B K (17.27 mg-g ™), J& H,0, & 1k J5 MWCNTSs-H (1) 8.15 %, J& HNO, % 1k J§ MWCNTs-N
1 9.39 1%, /& MWCNTs i 13.59 1% . X Alfig/e T —J 7, 5 H,O, Fl HNO, #H Ik, £ KMnO, %
fb J§ MWCNTs & [fif /) & 0B g 2k A1 & &t 38 2, nl 4 v HLO0) Ni(In) /9 W B o B 5 59 — 7 Ifi,
KMnO, &AL i #2 th =42 T /08 (19 MnO,, 1 MnO, A8 B 5l 5 A K1 He 2 1 BRI KL e 116 W 617
Al fF— 20 38 58 MWCNTs-Mn %t Ni( 1) A9 W B AR o X 5 L1 30 i pFoe 45 1 2 — 8oy, B RH
H,0,. HNO, Fl KMnO, 73 5| & ft 4k # MWCNTs B, - £ KMnO, %k J5 1 MWCNTs X} Cd* i) W fff &
KR, A 1mgg!, M Ni*'5 Cd HA LA W B4k

o & 1(b) AT, M44EFRIN KMnO, . M7 SRR 1.5 h AU A5 A LIRS 25 ¢ if, 74
A FI NN 0 g 58K F 2.10 g A A2 T, MWCNTs=Mn %f Ni(I1) 59 0% fif 5652 i s 524 48 Ak )
B 2.10 g B, MWCNTs-Mn % Ni( D) f W Bff i 3k 1) 55 K ME (19.14 mg-g™), B & F 4804k 7 4%
JndE ok 1.43 g F10.75 g A9 W Bff & (17.30mgeg ' A1 12.71 mg-g ™). XL, 24 KMnO, A4 # in & 3 i
A, MWOCNTs fi9 40 b A B i v, ol 0 3 g 7™ 28 09 % 460 BB 1AL 5 s 188 o, DT ] 34 o JFE 5% 7K
Ni( 1) 11495 B £ o

H 1) AT, AR KMnO,« A LRIy 2.10 g A 7= A AR TR Sy 25 C /), 76
P AL ] S 2.5 h B, MWCNTs-Mn ot Ni( 1) 90 Bf & e K (17.71 mgeg™), >4 6 7 48 A0 B 1] 43 531
W0 F) 1.5 h 0.5 h I, MWCNTs-Mn % Ni( 1) F W& B 5 808/, 425102 17.23 1 7.85 mg-g . LU
2R UL, MWCNTs-Mn %F Ni( 1) (9 W% B et B & 480 Ak s B) 09 38 i imi 3 m . 3 5 20 46 20 i 4
FEAERIE — By, BIAE AT PG e fb AR A e 0 KA L Bk = s, 500 () A 2 h 35 2] 4 h B,
W Rt 4 mg-g 7 B T 13 mgrg

BB 1) AL, AR KMnO,. AL R 2.10 g ALl 75 A AL B (] 2.5 h B
e A AR R 15°C THE 2 35 C ik 2, MWCNTs-Mn % Ni I1) B9 0% b 2 18 5Lk
B 3023 320 W R, BEEH MWCNTs-Mn W B 25 B 7K o Ni(TD) A S g i W8 R o 24 7 4 Ak T
k135 C-Hf MWCNTs-Mn % Ni( 1) #90% fi it s Bl K, 2237 mgrg'o 3X B2 i F il T vl
7= s s 1 R e = s - G 5 3 o= N (1 i R s

ZRa UL EE5R AT, MWCNTSs-Mn (9 5 il 45 454 R . #4650 KMnO, # it hy 2.1 g, AfLET
] 42,5 h, F AL E K 35 C, M, MWCNTs-Mn XF Ni( 1) B9 W Fff & % K R 22.37 mg-g (C=
150 mg-L™"), HCEALHTHE S T 16.61 5. XFEb 4 B[R AG 6 45 44 vl LLE S AR Rh 2t Atk sk
B ek, HR RS ALIE] . X B JE T MWCNTs-Mn 19 S /0 FE B0l i, LR I 0 S5 K
RESL B 2, ZrHLPERRBR AT, WF K b NI D) @9 I BOF A% R e 4 B0 it o, A5 s AT 42 5 MW CNTs-
Mn 75K 438t , A FT MWCNTs-Mn % 7K o Ni( 10 B % Bt
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Fig. 1 Effect of different preparation conditions on the adsorption performance of
ultrasonically oxidized MWCNTs toward Ni( I') in water

2.2 MWCNTs-Mn %F Ni( 11 ) 89 0% [t 25 g€

1) 3 J) W Mg . A T E— 25 % 58 MWCNTs-Mn 76 8 75 2046 Fi 5 % K i NiC I 9 W% B 4%

i, AWFZH T MWCNTs-Mn Xf /K /1 Ni(1T)
() 2 J 24 W B AR L, iR 2 B . iR
2RI, Mok Ni(ID) /9 40 86 5 v B N
150 mg-L A, MWCNTs-Mn %f /K # Ni(Il) ¥
W2 B 3 % 240 2 T MWCNTs; L 25 W RS (] 1
8, MWCNTs-Mn 78 # 75 % fk Ji 5 X5 oK
Ni(IF) B W oF o R 34 2R i B A1 . HL 7 O 7
YR o IR B B ] /N T 55 T 5 min B, B R 4R
4B i 5 B MWCNTSs % Ni( I1)Fé 0 B s % 5 b ;
T 24 0% BFF 5 18] K F 5 min BF, 88 A A AL AT
MWCNTSs X} Ni( I1) i W B B 2% 3 i gk 12 . [7)
i, MWCNTs-Mn XF Ni(I1) B9 2= [ R 0 @ 42
T PR B s 2 o 23 AR P AR T Y 7.39% 4
=5 14.77%.

T BE— A HE S MWCNTSs # 55 E AL i e

Ni(I) i e/ (mg - L)

& 2

Fig.

150
= —— MWCNTs
o145 ~- MWCNTs-Mn
150 0-;
145 )
i 0 10 20 30 40 50 60
140 'L 8g S B 8] /min
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130
125 i.'..: ! ! ! ! ! ! ! J
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MWCNTSs-Mn 7£ 8 5 & A1 & 337K 1 Ni(1D) B9
ThHZ M H 4%

2 Kinetic adsorption curve of Ni( Il ) in water for

MWCNTSs-Mn before and after ultrasonic oxidation
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15 %

() Bl 77 24 W B AR, 38 0 oE — B sl 2R e
Brsh 15 BT A Y, WA Rk 1
N MR LATRLEH, E K s 7 2 g A
AJ LB 4 Hb Al & MWCNTs-Mn %F Ni( I1) f4 1% B
i (R*=0.997 1), #H MWCNTs-Mn X /K H
A Ni(I1) FEZE DA B o 3 tedh, B A
A6 J5 1) MWCNTs-Mn XF Ni( T B W% B 5 % 5 5k
k,(0.533 9) Lt 74 L AT (0.046 7) KM 2 &
Vi HT MWCNTs-Mn %f Ni( 1) 174 W% B 5 5 B 5 4
e 3% AT AR B T A 2E T B R S B 5
Feid FE, BiH MWCNTs-Mn |- Y& 8 B fE 3t 4
ENi(I) TR T fe25E, X4 FF MWCNTs-
Mn X 7K H NI B4 I BT,

2) SRR B AL RE . & 3 SRR R AR AT S Y
MWOCNTs %t 7K H Ni( 1) fié 26 3 e B il 26 .
K3 LA H, MWCNTs-Mn X Ni( 1) fi9 0 fff
SR Ni(I0) (1 v B2 i 35 i mi g m . 240K
NI S i e B2 AR T 15 mg- L' B, I B
REHL BT, R AR P A
i T 15 mg- L7 BF, W B 6 I T A Tk RE 00 5
MGG 5 0 B 2P firif, MWCNTs-Mn

(9 W% [ B (22.37 meg™) B 5 2 T MWCNTSs 1)
M B (1.32 mg-g ).

k2% 2% 4 S AL T JF MWCNTSs W B 7K H
Ni(I1) (3RS LB, ARHF5E 59 902K Langmuir
1 Freundlich 45 i W BR A5 754 b 46 35 0 Bff 2ok 2 1F
AR, R E 2, mE2WLEFEN,
Langmuir 25 i3 W% B 55780 56 # 4f HoF A MWCNTs-
Mn X 7K H Ni( 1) 59 W2 Bffad #2 (R* S 0.996 2),
Ui W] MWCNTSs-Mn 3 [, 2% 40 W B4 fiE AH

*1 BESWLHIE MWCNTSs 8930 115 0% B
REBESY
Table 1 Fitting parameters of kinetic adsorption model of
MWCNTs before and after ultrasonic oxidation

IS PIE S~ G e VI = 51

R

q/mgg™) 4, k)
1 RZ 2 R2
min’ min~'
MWCNTs 1.2700 0.0018 09824 00467 0.6532
MWCNTs-Mn 223700 0.0048 09798 0.5339 09971
25 -
= 20 |
TC-D
CED 15+
= —o0— MWCNTs-Mn
i —o— MWCNTs
E 0tk
=
R
B o5l
0 L

(I) 2IO 4IO 6I0 8I0 IEJO 1I20 1;10 1I60
S BE/(mg - L)
E 3 BESHETE MWCNTs %t Ni(11) #9255 0% B gl 2%

Fig.3 Adsorption isotherms of Ni( I ) for MWCNTs before
and after ultrasonic oxidation

k2 BESEIE MWCNTs BIERRMHERIASH
Table 2  Fitting parameters of isotherm adsorption model for
MWCNTs before and after ultrasonic oxidation

Langmuirt 75 254 Freundlichf& B S5
ez K./
q/ L L L 2 p K. R
(mgg’) (L'mg)
MWCNTs 1.2700 0.0805 0.98231.93420.13530.868 7

MWCNTs-Mn 223700 02641 0.9962 2.798 05.004 30.775 3

A, Xt Ni(ID) 49 0B 8 T 5o+ 2 . [FEE, 15280 n>1, Uil MWCNTs-Mn Xf 7K H Ni( 1) f#9
W B IR T S W B B PO, e Ah,  Langmuir A% 8 AT DL A G Hb 5 A& MWCNTSs X Ni( 1) #4 0 B 2o 72
(R? 249:0.982 3), | i HA X Ni( 1) At W% B 02 J8 T 2.3 1 J2 W

DL S5 RERE, S S MWCNTs-Mn BB A7 &5 55 7K A NiCI) iy W B e g, G e R 0 oY
AR E 2237 mg-g (£ 2), A E LRI T 21.10 mg-gt, 7R T HAB A ST Bk MWCNTSs
XK NI B W% B £ 72, CHEN 2527 ) 4% i) MWCNT/Fe, O, & A 4 FE %k 7K i NI 16 15 B
9.18 mg-g'; AHMADI %52 {# F| H,0, E 4k it MWCNT, H 7K A Ni( 1) A9 0% B & 8 14.20 mg-g™';
SHIN %529 th| £ 4 & 45 Z2 WGP MWCNT %7Kk o Ni(I0) 49 W% B 2y 8.06 mg-g '
2.3 A MWCNTSs 3F Ni(1l) #9038

1) SEM 43t o A T i#F— 29 MWCNTSs 758 7 AL TS B R B S g oL, A5 o
Br 1 8 AL TS 19 MWCNTs (B BIR, B 4 BroR . anlE 4 vl o, 88 7 A Ak ab 385 Y
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[Ny

(¢) MWCNTSs(20 000£%) (d) MWCNTs-Mn(20 0004%)

4 BFEFELHTE MWCNTSs § SEM 5347
Fig. 4 SEM analysis of MWCNTs before and after ultrasonic oxidation

MWCNTs-Mn £ 05 08, 2ERSM, BENERELE 0.5~1 um(& 4(b), & 4 (d); i Ak
HIAY MWCNTs W AH B SR 4E H 28—, SRS BUAR AR R 4~6 pm, W I KT8 7 A Ak
Jo o X —45 R UL A AL T MWCNTs-Mn ()43 80, 3T A i 48 75 7 A 1 3N ik )
PRI, IZ B8 o xR B A e A R A RS Y, DT 7530 3 S A8 A R 25— i A I 43 1,

2) BET MR T AR M AL LR 3 A . 4% 3 D 75 A AL T J MWCNTs 1 L 3R T AR S LA FL AR 4 A
THol. R 3ATLLE 1, MWCNTs-Mn (98 FL%5 i LG 75 SR AT D T 1.969 em’- g™, i FL AL
B RZ, H1.965em’g o XA B R T A ERRER G T a0, sOE Akt B A
MnO, 1 3% %] MWCNTSs £ [l M ol H 38 40 FL 3 78 S5 hg o 72 b 9l 3% %€ . 3% 5 DAIFULLAH 4607
LD AU gy 2 R —3000 . DAIFULLAH %P2 &8, 2843 KMnO, Bt S5 #9196 1 ik 2576 —£E MnO,
W 7e HoFem . L1402 (] H,0,. HNO, Fl KMnO, % 1k &b BE () 5k 40 K 4 (CNT) 2= W Fff 25 B 7K b
Cd*, XF CA*' W B & 43 5 K 2.6, 5.1 F1 11.0 mg-g™", H:rp KMnO, & 1k i CNT (1) W B 25 5 28 SR 18
hn, X A RE SR T AR ONT b 1% 5% B3 MinO, J5URE 19 W BFF A FH A 85, bl b ml DA, A 5256 v
MWCNT-Mn 2 [fil 7 MnO, T

*3 BEEWURE MWCNTs WL REARRILEILESH
Table 3 Specific surface area and pore volume distribution of MWCNTSs
before and after ultrasonic oxidation

it WAl(em® g Pfliem’ g EflAem’ g LREB/(m g FHLLE/Mm
MWCNTs 0.021 2.690 2711 161.190 67.260

MWCNTs-Mn 0.017 0.725 0.742 181.280 33.097

3) TLEIT. 4 R AALHTG MWCNTs GRS ERL . HE 4 TTRLE I, 7E# S Ak
J5, MWCNTs-Mn £ 1 /9 O & £ B R340, b 7 A AT Y 1.40 % H N E] 14.08 %, 33X Ui B P 4
16 J5 MWCNTs-Mn 2 [ 0 & AU RESE AT i, X 5 1E] 5 i85 R —3.

4) (AR 2D AT S BT . 1B 5 il LT JE MWCNTSs B9 205N IO . o, 8K
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3 200~3 600 ek C—OH (¥ 5L ) 4 fif 4 41 3 *4 BFEELAEIE MWCNTs K TR T

B, UEEL 1650~1 750 cm™ —COOH(R L) Y Table 4 Elemental analysis of MWCNTs before and after
e 1 - 1 ic oxidati

AR SN . B 1 690~1 590 em™! 2 C— Nt ultrasonic oxidation

By AR s . Kk s LIE N, & o JLH L%
FAEAL AL FE, MWCNTs-Mn 2 1 5] A T K4 (1 N C S 0
%7](‘@%?]‘{2% (%é%\ iﬁ%)o ﬁ—ﬁﬁﬂ]}% MWCNTSs 0474 93960 0.118 ' 0.049 1.399

MWCNTs-Mn 0.334  84.060 0.163 0364 14.079

51 MWCNTs-Mn 7E7K ) o stk s o5 — i,
Al 42 B MWCNTs-Mn % 7K o Ni( 1) # 9% Bff 5%
fig. X5 CHEN ™ (ot 45 % — 5, Wil
i X SHERIBOEIEIESE T Cu? F1 Pb* 5 MWCNTS
KRR HEREREERANZREGY, A
MWCNTSs X 4 i 855 1) W [ fig ) bl 3R 1T 5 41
EREH ORI . FEILHIPNEEELAF) B i 3G
B

28 bR, 1833 % MWCNTs-Mn 3338 H

MWCNTs-Mn

4000 3500 3000 2500 2000 1500 1000

BEorMr . HeFRmEAA ., FLEFLIE M . TR Wel/em
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Abstract In order to solve the problem of excessive Ni(Il), a kind of trace carcinogen in ground water, we
herein developed an efficient adsorbent for Ni(Il) in this study, which was called ultrasonically oxidized multi-
walled carbon nanotubes(MWCNTs-Mn). Firstly, the preparation conditions of MWCNTs-Mn was optimized by
single factor variable method, and the adsorption efficiency of MWCNTs-Mn toward Ni(Il) in water was
investigated through kinetics and isothermal adsorption, and then the adsorption mechanism was explored based
on the surface physicochemical characterization. The results showed that the highest adsorption efficiency of
MWCNTs-Mn toward Ni(Il) occurred at the KMnO, dosage of 2.1 g, ultrasonic oxidation time of 2.5 h and
temperature of 35 °C, and the maximum adsorption capacity of MWCNTs-Mn toward Ni(Il) in water was 22.37
mg-g™", which was 16.61 times higher than that before oxidation; the adsorption of Ni(II) in water by MWCNTs-
Mn could be fitted with Langmuir(R*=0.996 2) and quasi-second-order kinetic adsorption model(R*=0.997 1),
indicating that the adsorption was a monolayer and chemical adsorption; compared with that before ultrasonic
oxidation, the mesopore volume of MWCNTSs-Mn decreased by 72.25%, the oxygen amount increased by 12.68
%, which suggested that the ultrasonic oxidation improved the amount of hydrophilic oxygen-containing
functional group(hydroxyl and carboxyl) on the surface of MWCNTs-Mn. The improved adsorption
performance was accomplished by the surface complexation with Ni(Il) in water. The optimized synthesis of the
adsorbent material can provide a good theoretical basis and technical support for the effective removal of Ni(II)
from groundwater.

Keywords ultrasonic oxidation; multi-walled carbon nanotubes; adsorption; Ni(I)
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