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COOH F_4&-44 K 4F 4 BER M A AL, 3% P> SR I ik 3] 70% B4 b 572 80 min £ & i 2] T8 R 3h A AR &
B PAN/MWCNTs-COOH £ &4 K 4F 42 JE 5T Pb> T k2 AL 3 R I ; 1L 78 55 36 B = PAN/MWCNTs-COOH £ 444 K 4 4
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Preparation of Polyacrylonitrile/Carboxylated Carbon Nanotubes Nanofiber Membrane and its

Adsorption Effect on Lead Ions
Feng Yufei, Zhao Kai, Hu Zhengbo , Wang Wenjing , Huyan Mengqi, Zhu Bingqi
(School of Medical Technology and Information Engineering, Zhejiang Chinese Medicine University, Hangzhou 310053, China)

Abstract : A polyacrylonitrile (PAN)/carboxylated multi-walled carbon nanotubes (MWCNTs-COOH) composite nanofiber
membrane was prepared and its adsorption effect on Pb>" in wastewater was investigated. The MWCNT-COOH and PAN were
mixed into solution, and the PAN/MWCNTs-COOH composite nanofiber membrane was prepared by electrospinning technology.
The morphology was observed by scanning electron microscope. Adsorption experiments were carried out at pH=3, 5 and 7 to
explore the adsorption performance and mechanism of lead ions on PAN/MWCNTs-COOH composite nanofiber membranes. The
adsorption kinetics were simulated by quasi-first-order and quasi-second-order kinetic models to further elaborate the experimental
data. Filtration adsorption experiments were conducted to further study the removal performance of lead ions in water by PAN/
MWCNTs-COOH composite nanofiber membrane in practical application. The prepared nanofiber membrane have a dense network
structure and good morphology. Compared with the conditions of pH=3 and 5, the adsorption performance of PAN/MWCNTs-
COOH composite nanofiber membrane is the best at pH=7, and the adsorption rate of lead ions reaches 70% and above, and reaches
equilibrium for about 80 min. The adsorption kinetics study indicates that PAN/MWCNTs-COOH composite nanofiber membrane
may be chemically adsorbed for lead ions. Filtration experiments show that the adsorption capacity of PAN/MWCNTs-COOH
composite nanofiber membrane for lead ions is higher than that of blank control nanofiber membrane (CON), showing excellent
filtration performance.
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(APAN)YH K EF-HE |l | & XS Cu™, Ag', Fe’' , Pb™ )
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FRHAL L2 BEIR A K (MWCNTs-COOH) - 4 Ji
>98% , W BN F B A A LA A PR w5

N, N- - {1 3 1 ¢ i (DMIF) : 41 B 98%, |76 I
A= WA BR A 7 5
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FRAHE]
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1.3 RXAEH &

& F MWCNTs-COOH ¥  fill A ] DMF 1,
FENINAGE 5 PAN YA , fERE 1B F148 T P bk 2T A
FHARAR VA R, B 1 B MWCNTs-COOH F1 PAN i
3B R 1% T 10% A9 AR R i L 25 22 i K
e, WX FH L 22580 LU 20 kV, BEES 4 10
cm, S AR R 10 wL/min, A FARZEHEAR
VS RAE 2 il T T R 2 22 11 4% HH PAN/MWCNTs-
COOH & & 4K L 4L . 53 L i A it MWCNTs-
COOH 1Y ZEHAR 2 W (PAN=10%)1E R 25 %0 1R, 7
FHIRIZEAE T 45 Hh 28 6 BRAOR T 25
1.4 PAN/MWCNTs-COOH £ 424 k ¢ 4 J2 £ 4E

¥4 7 1 4% 19 PAN/MWCNTs-COOH & & 40 K £F
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SR AT G BT & B R WA, SR
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Sk WS U pH R X I B B8 (14 5% ), FREERC 0.1
g PAN/MWCNTs-COOH & & 41 K £F 4k i J5 , >Rk H
0.1 mol/L /) HC1 1 NaOH %5 15 %5 W 1 pH A, 70
SITEC 4 Po* Ve >4 1 mg/L, pHAE M 3,5, 7 I W
T3 A5G, IFFRE0.01 g MWCNTs-COOH #4741
[F) A2 B, A5 A X B 5 A 3 o i ) e R A2 e ¢
S0, %% 0.1 g PAN/MWCNTs-COOH & & 40 K 21 4k
JEE 3 A E) 50 mL ¥k 1 mg/L, pH{E R 3,5,7
() PO Wb o SR B R IREE R v, 8 el
150 r/min, W it B[] 4 5, 10, 20, 40, 80, 120 min i
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Ko C o P Y ES T I LR MR, mg/L; C,
R W B3 U W TR SRR me/L s VORI
AR, L MO GUK AT T i, g

()W BB Ty A

7% %% Pb* fE PAN/MWCNTs-COOH & & 44 >k
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log(q, — q,) = logq. - 2303 (2)
T Bl SR
t 1 1
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A g F g, 53 A R RS W T R 2 o7
(] Ay B % o 4 I 5 () I B B (mg/g) 5 &, (min ), &,
[mg/(g - min)] 5354 3 WE— PN E — g 8l 2A AR A
P14 WA 0 3R 5 4
2 HER5IFE
2.1 PAN/MWCNTs-COOH £ &-#h K 4F 4k AE

¥ MWCNTs-COOH H1 PAN Fit 15 25 V4 T 18 o
H1, 277 2245 AR i) $515 3] PAN/MWCNTs-COOH & 4 4/
KEFHAERE 23 P B K LT i, SEM WLERZE S
V7R, T o 45 B 0 K 2T 24 B 34) 54 B0 LR B 6
KRPIRGER . Hor, 23 6] BR 40 K 2T 4 5 i 4N
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)\ 9o A e i
© (d)
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T PO, pHABL M 3 21 7, W Bt i i G i, 7
pHAE R 7 B IR B e Ko x4 AT BB FH T4 pHA(H
INT T JERAR pH AT A B I BB, Xt
[ — W BV 05, S RN B 1 22 A AE e 4, B
15 7 4 J@ B 1 W B, A IR M i | e Bk Bl
G e 25— W o PRI X
(2) W S FsF 0] 4y 522
1 18] 2a ] 1, PAN/MWCNTs-COOH & 45 44 K
22 T P> 1) Wz 65 ek ik A S s () £ 185 K T 44 m
TE S N TFUR AT S min P BRI B W B SR 2 R T
70%. XF Pb* {1 0% B £ 78 80 min i £ P-4 , AR5 24
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B2 R pHAE T 90K SRR 2 b Wb et 25
K Q)FI3) AT P i 204 415 mg-g ™' HI&] 2a,
& 2b, &l 2¢ AT %0, i 5 min Y, 7 pH=3,5,7 &4 F
IR B 58435104 91.87% (MW CNTs-COOH)>69.45%
(PAN/MWCNTs-COOH), 92.39%(MWCNTs-COOH) >
70.80%(PAN/MWCNTs-COOH),  95.94%(MWCNTs-

COOH)>84.46%(PAN/MWCNTs-COOH) ; M Ffi Bf 5] Ay
40 min /& 47 I, PAN/MWCNTs-COOH & & 4 K £F
Y fEEN B R B T, I 5 MWCNTs-COOH 5,
UG HCIRZS T MWCNTs-COOH 5% i v Po> A1
BRI 2 i 0%, DT — TF 4R 38 PAN/MWCNTs-
COOH & 5 41K 2 4 JE AT T P 1 Wi 3k o5, (E 7 J
i [ J W B 232 i R R W A B oK AR 4 R 5 401
IR TF B MWCNTs-COOH 5 3 — 25 it W b 25 4,
FAE 0 B[] P AT 3k 2 A ] 1 0 B AR . R AR
R AR, 3 HCRE T B MWCNTs-COOH #5 A HE
D4 5 1A, 177 290 K 2T 4 B 5 B LD A 1 [T
A RSB Hp A A i A el

M\ pH & . W BfF B[R] B A4~ 2 FCHR 5% PAN/
MWCNTs-COOH & 45 41 K 21 4 JEEAT Po* 1 W B 2%
e, R BT Po™ (1) W B o8 25 Bt 4 pHL L W2 R ]
B AS WG K . 5 MWCNTs-COOH # Fb , PAN/
MWCNTs-COOH & & 9H K £F 4k i A (42 , 5
15 MWCNTs-COOH W [P AAH BT, 3
R A B fE

()5l 17

T BRI R B A B T A A R
(D 4R 5 DA 2 R IT RS 21 W2 B 550 14
I ; QE SRS Tl A Z WY B;OESEE
TR B AR (AT A A5

55— 20T DL o 0 5 v T O S R
A @ B 1YL, P A o AR O
4R B AT L AW A RE B R R
B R A BR D PR . R Origin X5 #6471k —
GURNUE Z sl 1 2E RN UG S BT i 285 51 LA 3
FIZ2 199, 75 PO W) AW B 19 4 1.0 mg/L B9 551 F
pH=3,5,7 I} , PAN/MWCNTs-COOH X Pb** {1 1 [}
(4 1 — 2 2y g 24 A5 R0 2 P AH OC R B(R) 43 5l oy
0.986,0.991 F10.998 , #fE — 2 5 J1 2FH5 BU fY R* 43 3]
40.995,0.998 F10.999, i 2% 5} I3 A AR AE A [F]
pH {E #8125 1) R { , PAN/MWCNTs-
COOH X Pb™ (1 W B LU B AF 5 — )l Ty 2 A, i
B PAN/MWCNTs-COOH & & 40 K £F 4 5 X} Pb* 1)
WG T 1 2 Tk 2 W T, AN 2 TR P A JHLAE T, 5 )

F1 PYHIRMB N ZERUEER

ME— Bl J1 A5

Ml o

pH a/meg ) k(i ) IS a/meg ) K/Ime-(g-min) '] IS
3 655.695 0.426 0 0.985 678.587 0.001 6 0.995
5 509.681 0.366 5 0.991 528.134 0.001 7 0.998
7 409.704 04273 0.998 419.195 0.003 3 0.999
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a—pH=3 ;b—pH=5;c—pH=7
P3O pH R o3 1 R — s F)
REIE AL T B AL &9, 2 T 48 B 1 1A R0
'3 PANIMWCNTs-COOH AL &4 K £ 4 Bt id i85 M 4
R T R A A R AT 4 K Hh Ph RS T
W BRI B D5 R R T BRI SR A R 54T T i
UE ST A 7E Pk e g Ak A e, S BT 4 OGS K
H PO B T PR R . ST AR &
B, Y pH<T B, i (9 S0 2 25 o 4l R B A2 A, F
4 I8 BH B 78 U B 5 4 1 56 3R, T LAAE pH<T i
W BR324 pH=7 I, IR S P vk, B TR
(R REE AT DA T U/ 1 X W BR3Py e VR B ST 3
pH=7 i} , PAN/MWCNTs-COOH & & 4/ K £F 4 i 1)
R R, UESE T iR Ee . IR, pH=7 B, 520 52
R E N 55—, AR AR AR I
K pH Z 430 o, LB A SEPR R F G O o K
PEH pH=7 1 7 1 JE L5
i € S8 45 F AN K 4 iF s, PAN/MWCNTs-
COOH & A 90 K £F 4k i . 25 [ 6] R 9 K 21 4 [ Xf
Pb™ (W B s 4 B ok DR R I 2t bR 2R

Nz

1R A I BRE R AR PR, 70 I B, T 4 S B 15 M o
A ARk B4 W2 A7 i MR 5 ol O B TGS . {H
MNES 2 L UETF U6, Bl 2 U8 B, W B T
ZE 18 . PAN/MWCNTs-COOH & & 44 K £F 4 i %of
Pb™ (14 W BFF 5 T8 1 0 RGN K £ 2 B, B 5 5L 8
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COOH & & YK A AR BA R iyt sk 6e
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= 40r
B
=
=
= 201
L L |
0 2 4 6

YUK
P14 pH=T (VTR T AN A LT 2 R R B DR v B 75 £k
3 ZRERE
W5¥ 1 PAN/MWCNTs-COOH & & 44 K 41 4 it

R ) 48 7 v b AR 35 PO BALL K BRI r 8 IR 44

St UETERE R T B 15 SRR

£ 1) PAN/MWCNTs-COOH & & 4 K £F 4t 5 B AT 45

WFRIEAS, R AR PERE , REOS 8 i 1 I8 g ik

WF 2% BR Po™ 5 £ W B 2 g S F 58 T kB, PANY

MWCNTs-COOH &2 5 44 K £ 2 JIE 4] Po i) 1% ff m

RE AR BA 5 150 4 ) 0 B BEE AV AR L7

S W B AR 5 E pH=T B}, PAN/MWCNTs-

COOH & 13 9 K £T 4 B XoF Po™ (1 W B8R e £ , 78

120 min if W B & 35 415.8 mg/g, W B R & ik

96.52%. B FHRL BRI Po L KL A

PRSP, R BL T RAF AN I RE . IR SR SR T

MK A AR AL T —E B BRI , XS Se b
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