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Preparation of Modified Polyacrylonitrile Nanofibers
by Electrospinning and Adsorption of U(V[)
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Abstract: The aim of this work is to synthesize economical and environment-friendly func-
tional nanofiber materials with high adsorption capacity and high selectivity for U (V]).
First, the amidoxime-based polyacrylonitrile nanofibers(AO-PAN) and carboxyl/amidoxime-
based polyacrylonitrile nanofibers(AC-PAN) are prepared by electrospinning and character-
ized by different means. Then the effects of pH, ionic strength, contact time, initial concen-
tration of U(CV]), temperature and coexisting ions on the adsorption of U(V[) on synthetic
materials are investigated in detail, and the reusability of AO-PAN and AC-PAN is also
studied. The experimental results show that the adsorption of U(V[) on AO-PAN and AC-
PAN is significantly affected by pH, but the effect of ionic strength is weak; the adsorption
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of U(VI) on AC-PAN can reach equilibrium within 30 minutes, and its maximum adsorption

capacity is 3. 33 mmol/g, which is about 8 times that of AO-PAN. The increasing tempera-

ture is beneficial to the adsorption of U(V]) on synthetic materials, which indicates that the

adsorption process is an endothermic reaction; AO-PAN and AC-PAN perform well in the

adsorption selectivity for U(V[), and the adsorption rate of U(V][) still exceeds 99% after

reuse for 3 times. Therefore, AO-PAN and AC-PAN have good application prospect in the

treatment of uranium-containing wastewater.

Key words: electrospinning; modified polyacrylonitrile; nanofiber; U(CV[); adsorption
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Fig. 2 Schematic diagram of synthesis process of AO-PAN and AC-PAN
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Fig. 3 SEM of industrial polyacrylonitrile fiber(a) and

amidoxime-based polyacrylonitrile nanofiber(b)
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PAN 24. 02 66. 34 5. 45 4.19
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AC-PAN 19. 14 38. 06 6.33 36. 47

E:D iHHAE

2.1.4 Zetatifii AO-PAN Fl AC-PAN Jf pH
A Zeta AR T8 5. f S A B
& Z pH k. AO-PAN F1 AC-PAN [f] Zeta
AL T REB S Hph, AO-PAN Z L i 1 %] B i
pH=a=4. 4,1 AC-PAN ZH faf 15 % b ) pHA5. 0,

Zetafi fii/mV

-40

¢(NaNO;)=0.08 mol/L,m/V=0.14 g/L,T=298 K
B — AO-PAN,O—AC-PAN
5 AO-PAN F1 AC-PAN ] Zeta HL L
Fig.5 Zeta potential of AO-PAN and AC-PAN
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Fig. 6 Effect of contact time on U(V]) adsorption ability
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Table 2 Fitting parameters of adsorption kinemics

HE— 3l Sy 2p A

ME— 3l )y s

187 [ 551

% o 541 g/ (mg-g D £y /min~! g./(mge+g 1) ky/(g+mg ! e min 1) 2
AO-PAN 76.78 1.03X10°3 0.98 101. 52 3.31X10°° 0.99
AC-PAN 49.97 8.74X10 4 0.92 602. 41 7.16 X107 1. 00
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Fig. 8 Effect of pH on U(V]) adsorption ability
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on U(V]) adsorption ability
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Fig. 10  Effect of initial U(V]) concentration and

temperature on U(V]) adsorption ability
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Fig.11 Langmuir(a), Freundlich(b) and D-R(¢) isotherm models and linear fitting diagram
of In Ky versus T '(d) for U(V]) adsorption on AO-PAN and AC-PAN
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Table 3 Fitting parameters of adsorption isotherm models
Langmuir Freundlich D-R
W3 B 5 Gmax/ K./ , Kg/ , Gmax/ 8/ E/ X
(mole g™ ') (Lemol ! ! (mol! ™7 « Lo g™ 1) ' (moleg ') (mol®«] %) (kJ*mol 1) '
AO-PAN 4.14 X104 4,84 X103 0.95 3.10 3.20X1073 0. 90 8.79X104 3.22X107 12. 45 0. 89
AC-PAN 3.33X1073 2.56X10* 0.99 2.97 4.19X1072 0. 85 9.43X1073 3.00X107 12. 91 0. 88
Co e 1 6 B, L/mol; n, Freundlich 5 2 2 36 % 05 Ke
G o KiGo Freundlich BI85 3 4, mol' 1" /g3 8, 34 11
lg q. = lg Kr + Llg c. (1) HEIEHER M. mol /J7, i Polanyi M fi e - 1%
n
, Bt 1 1 fE EQ/mol) AT AR 22 20 () FI (10057
ln q. — 11’1 Gmax — BE (8)

FCH s ce s BT AR UCVD B3 B, mol/Lsq.
P B FE AR FR U CVD) 93w mol/ g5 g s UCVD
Y e KW B 25 78, mol/ g5 Ko » Langmuir #5454 S

e = RTIn(1+ 1) 9

E (10)

S~
W
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KR ARHFHL8. 314 T/ (mol « KD T, 4641 i
LK, 3R 345 RWL ML T Freundlich B,
AO-PAN I AC-PAN Xf U CVI) i W {45 58 45 &
Langmuir % &, §i B AO-PAN il AC-PAN X%}
U VD (1 5 i 3 8 O A A B 00 7 2 MBS, 3R
1 HA Y5 W B g L o B UCVD 15 36—
AN B o7 5%, E T =298 K Bf, AC-PAN X}
UV B B K ff 75 18 4 3. 33 mmol/g, & AO-
PAN ) 8 f5 A4y, M4 D-R A, AO-PAN
1 AC-PAN X} UCVD) By F- 340 fff B B e 38 T
8 kJ/mol, 15 W X6 il i) W% BRI DL Ak 2% 0% B
L IR L R B Ky (mL/g) AT i 42 (1D
. B 58 AH (KJ/moD) (i AS (/
(mol « K)F# 1 1 B H1 fiE AG (kJ/mol) AJ i i:f

AXADFADIH
K, =e—c) vV (1D
Ce m
_ AS_AH
In K, = 92— 2% (12)
AG = AH — TAS (13)

11(d) & UCVDFE AO-PAN Fil AC-PAN |1
BFEY In Ko X7 T AR PELA B i R 30 A
PRI E TS M) =SB TR 4, AH>0, 4
B} AO-PAN FI AC-PAN Xf UCVD) ff W B & — 41
P 5 AS™>0., 3R W Bl B W B 326 AT AR R AR L
BEHE K AG<<0, 3 B AO-PAN F1 AC-PAN X}
UD Wit A7 o 2 — A B & i #E L 9F B AG 1Y
B 23 Wit U B 1) P o T i/ 29 B A vy 114 Uk A )
F UCVD WL B 30 5 S0 30 25 51— 30

F 4 ANFERETHRESH
Table 4 Thermodynamic parameters

at different temperatures

AH/(K] - AS/(] + AG/ (K] -
W5 B 551 T/K
mol ™) mol™! « K™1)  mol™!)
AO-PAN 298 31. 88 167. 38 —18.02
318 —21. 37
338 —24.72
AC-PAN 298 24.04 168. 12 —26.08
318 —29. 45
338 —32.81
2.2.5 MAFEFXRMAEN  JLFS U

R T 2 1 DL B 7 A7 A I U CVDD 18 0% B 1

DL T 12, 12 "R 7R HAL 5 5 8 1A
BT, AO-PAN F1 AC-PAN Xf U VD) i W% [} 2
A B TR UL UCVD BA R A
B e FErE . o CACIT DX U CVID R B Y 52 W) i
AN CrCID X U VD B 1 52 i 5 K

100
80r

60F

R/ %

401

20

’ I,;'W Cd(I1) Ni(II) Co(II) Cu(Il) Cr(ﬂ)-
el B
co(UCV][))=4.00X10"* mol/L,

¢(NaNO;)=0. 08 mol/L,m/V=0.14 g/L,
T=298 K,t=48 h,pH=4.0+0. 1
B — AO-PAN,[]-—AC-PAN
12 HArEs 73t UCVD W B 52 i
Fig. 12 Effect of coexisting ionic

on UCV]) adsorption ability

2.3 BRSESFHA

R 75 T A 5 T 2
SO 0 B AR . R R HNO, WO
Na, CO; ¥ W % & 4 U (VD) J5 # AO-PAN il
AC-PAN [y W 15 Bt 7% F I 13, i &l 13 o 4l

100

0.0 0{5 170 1.5 2.0
¢/ (mol = L)

o (UCVI))=14.00X10"* mol/L,c(NaNO3)=0.08 mol/L,
m/V(AO-PAN)=2.00 g/L,m/V(AC-PAN)=0.50 g/L,
T=298 K.t=48 h,pH=41.0+0. 1
H— AO-PAN,HNO; ; @ —AO-PAN,Na; COs ;
[J——AC-PAN,HNO; ; O——AC-PAN, Na,; CO4
13 fifk R 500 A 28 A e JBE ok U VD i IR 1) 532 Wi
Fig. 13 Effect of types and concentrations

of desorbents on U(V]) desorption ability



SW L HEAE AL LR A T RE AL IR TR I A K 45 4R S R UCVD 9 1% fi 405

Wi 5 f7e R 9 e B 3 A, U VD) 14 i W 56 3 1 G
HNO; #W6r UCVD B i % 3 5 T Na, CO; 3
W, B UCVDTE AO-PAN | (i W % 35 & T HAE
AC-PAN L #y, HHr, Na,CO; ¥ W BEFE 0~
0. 20 mol/L i}, UV £ AC-PAN |1 f# XA
— B AR R E TRMEH X 5B ET
UCVDFE AC-PAN |- % Fff L2 #5 K 2] 1 85 F 58
K.

FAR HNO, %% UV 1 i 1% 250 5 w& A
T Na, CO; ¥ WK, (H B AR B2 1) HNO, 75 WA
UCVD) i W 32 e o 17 25 HINO, 975 90k 2 35 3]
0. 10 mol/ L B 23l TR A4 Bk 45 44, 52 e H: 8 52 )
FATERE . R £E 2. 00 mol/L % Na,CO, %K
REFRE4E UCVD J5 19 AO-PAN 1 AC-PAN,
HEAT = R WL B - Wi -0 B S 56, 45 SRR TR 14,
L 14 AT 23 = VR R R Aot - Ao R
AO-PAN F1 AC-PAN % UCVD) 4 W B 2474 il 4 5
£ 99 % LA b B AO-PAN F1 AC-PAN HAT {5
(14 5 52 R M AR L R 2 B S F Y U CVD W B 54

R/ %

1 2
1 5 K

o (UCV[))=14.00X10"* mol/L,c(NaNO3)=0. 08 mol/L,
m/V(AO-PAN)=2.00 g/L,m/V(AC-PAN)=0.50 g/L,
T=298 K,t=48 h,pH=4.040. 1,¢(Na;CO3)=2. 00 mol/L
B — AO-PAN,[]—AC-PAN
B 14 AO-PAN f1 AC-PAN X UV W ff i 8 5 1
Fig. 14 Recycling of AO-PAN and
AC-PAN in U(V]) adsorption

2.4 WHHIEHR

AO-PAN 1 AC-PAN W [f U (VD) B J5 19
XPS &~ T K 15, 5 15 ML, B 15(h)
o) BB T UCVD By AR, AT UCVD 58
P T AO-PAN F1 AC-PAN |, Xf T AO-
PAN, AR UCVD BFH N 1s S5k o] $0G h #
AN, 4y B R —NH, (E=397. 3 eV) fil—NOH
(E=397.9 eV) (K 15(d) , MW UNVD J5 . fEE=
404.6 eV AR T —H 1 N 1s 1§ (& 15(h)) , [7]

BT F—NH, 19 N 1s i 7 0.1 eV, 1] A
HIREHAEN 5 U KE RS R UCVD B3
O 1s ik a] #0045 R P A~ 08, 43 33 %) i —OH (E =
531. 2 eV)FI N—O(E=530. 3 eV) (& 15(e)) , i
M UGVD 5.7 E=531.9 eV AL BT — A8 i1
O LsWe (153G, AT 253 O 5§ U %511
ik, X T AC-PAN, KRB UCVD i H N 1s
6T AT LG R AN W, 43 ) X B NH, (E =
397.3 eV)FI—NOH(E=2397.9) (& 15()) . 1fij
WUV )G, 78 E=405.2 eV AT — 37
BN TsU, [F]IF N F—NH, 1 N 1s g% 7
0.2 eVE 15, Al ZREE N 5 U K51
S5 R UCVD BRI O 1s SEiE TG o =4
Vg A % i—OH(E=531.2 eV) ,N—O(E=
530. 3 eVOFI C—O(E=529.5 eV) (& 15(g)) , i
Wkt UCVDJG . £ E=531.9 eV AL T — /N 37
B O 1s W, m/EF X R F N—O 5 O 1s w1
0.3 eV, 4m T C—O 1 O 1s A T 0.5 eV
(F 15 AR O 5RFE O LFZ2 5T
X UNDBSE A . & LRk, AO-PAN X UVD
14 32 BEAE FTALRE T e 2 LA B i 56 b i 2058 N
53 O 5 UD %41 AC-PAN XFUCVDAEH Y
F BN AT AR LA el 2 1 s N R 2 O
PLCHREE By O M5 UGD KA,

3 &

(1) ) H 25 2276 i il 2% 1 A8 e Il B R
I K 2T 4E B RE AO-PAN DL K JR 56 /185 Jie 5 ik
RNK I 0ok 25 4 6 B AC-PAN, AO-PAN 44
KL 4k 1 B 4% 2R 200 ~ 300 nm, 45 /N R Tl
PAN £F 4 HAZ [ 1/40,

(2) AO-PAN F1 AC-PAN %f U (V) W% Fff 1y
et pH BI7E 6 2247 B 753 X UCVD 1R AO-
PAN | iy W Bt A5 1ok 55 42 28 VE F i 0 3L e AC-
PAN | % 0 B 52wl A KL 368 AO-PAN il AC-
PAN X UCVD) W B 1 32 22 HL 2R 2 T2 AR P )2 35 1T
®"EY.

(3) AO-PAN I AC-PAN %f U (V) ) W% [t
FFAE =G 8l Jy AR A Langmuir 55 5 2650,
AC-PAN X UCVD) W fff 35 27 A H 55 30 min, H
B KW B 25 B A 3. 33 mmol/g, 4% AO-PAN
) 8 1% 5 3 J1 24 Wk 58 £ W] AO-PAN Fl AC-PAN
XFUCVED [ 2 B B R AT R s HLWE R 3 A 2 i AR
JZ R
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(a) O 1s (b) Ols (¢c)
NIRCRE U 4f,, U 4f,,
U 4s /\_f———/LA
Nls
R “AC- C1
——-l—L_JAC o UOD-ACPAN) <] Gl U (V)-AC-PAN
AO-PAN j ] U(D-AO-PAN] | i /\_//\'
U (VI)-AO-PAN
800 700 600 500 400 300 200 100 O 800 700 600 500 400 300 200 100 O 393 390 387 384 381 378 375 372 36
E/eV E/eV E/eV
(d) 3973 (e) \ 5303 (f)

397.9 3979 397.3
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E/eV E/eV E/eV
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3979 397.2 531.9 530.3
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3979 3971
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E/eV E/eV

(a)——AO-PAN Fil AC-PAN W} UCVDATHY XPS 423% . (b)——AO-PAN #1 AC-PAN W[} UCVD) J5 i) XPS 4[4,

U 41 {85 43 FE3E 18] (D) —— AO-PAN W B UCVDRTIY N 1s 2543 PERE A L (o) AO-PAN Wzt UCVDRTAG O 1s = # A,
(D——AC-PAN Bz Jff UCVDRTHY N 1s & 23 F85E , (20— AC-PAN 2K UCVDRTHY O 1s & 4> HEis &
(h)——AO-PAN Wz [ff UCVD G N 1s B4 HE & (D AO-PAN Wz UCVD G O 1s = 4> Bt 18
() ——AC-PAN I fff UCVD G 19 N 1s =43 i B (k) ——AC-PAN W[t UCVDJE 19 O 1s & 4> Hik &

15  AO-PAN #il AC-PAN () XPS 1% &
Fig. 15 XPS spectra of AO-PAN and AC-PAN

()

(4) AOPAN fil ACPAN 3§ UCVD HA B S0k
UFH I B B, R T AR S AR Ry (1) R G5 TR R R AT R AL = A

0T kb B A 4l R K s AO-PAN Fil AC-PAN £ BRI 5 XA AT M Y B SRR ST ). R D
2. 00 mol/L ) Na, CO, % i 4b B J5 vl & & F F 201211 - 40-41.
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