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Preparation of copper ion supported polyacrylonitrile fiber and its
removal of phosphate in water
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Abstract To alleviate the influence of phosphorus on water eutrophication, It is successfully
prepared a new phosphate adsorbent (PAN,F-Cu) using polyacrylonitrile fiber as raw material
through amination and coordination reaction. It can be recovered and reused excess phosphorus in

water and realized high resource utilization of phosphorus. The results of scanning electron
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microscopy (SEM), elemental analysis (EA), X-ray diffraction (XRD) and Fourier infrared
spectroscopy (FT-IR) were showed that the amine group was successfully grafted on the fiber, and
Cu?" supported on the fiber skeleton by Cu-N bond. The adsorption performance experiments is
showed that the PAN,F-Cu had a wide range of pH adaptability. The adsorption capacity was higher
in the range of pH 5—38. It can be found that the adsorption process of phosphate by PAN,F-Cu was
closer to chemical adsorption through model fitting of the experimental data. The adsorption of
phosphate by PAN,F-Cu was more homogeneous monolayer adsorption. The maximum theoretical
adsorption capacity of phosphorus was 49.02 mg-g'. The PAN,F-Cu was had the best circulation
ability. The removal rate can still reach to more than 90% after eight times sorption-desorption
cycles. It was found that when the water yield was less than 2700 mL in the continuous flow
experiment. The phosphate removal rate of the PAN,F-Cu could be maintained above 99%. The
PAN,F-Cu will have a good application prospect in the field of phosphate removal and recovery in
water bodies.

Keywords polyacrylonitrile fiber, adsorption, phosphate, Cu-N coordination, agricultural non-

point source pollution.

Bt (P) & BRACA M A 25 Tl v 2 A P 6% R 2 B U, 3 LA IR 6 i B A7 T KIS Wb ). 48
M7, FE A TR PR e T i it P A NE T 5 O R [ TR K B IR S, K ARl B R A, 9 28 B A
K, SRR S E S, & UG IR T e TR T Yt 0 e Ah, B —Fh AT B A B0, R T A A X
R 5 SR AN I 1 R, TR AR R 100—400 4F K 58 A THAE D). R, P2 7K Hb 8 i) 23 B R ImToxt T 2% i
HE SRS IR T IR S L2 DG H

1E4 R 1k, AEATTTED . B3 85 T AW A= Ab BT, [T - 22 #5000 Fg B0 45 2 A R 2 e ]
AT LA T 2 Bk A v e i . T WA B ks PR EC B M T B | O3 R IUARAER L I T D7 B SO0 i, W51 T AR F
FENGRTE. © &R K2 FE AR AR AR AR 2L 8B Rk A pr Bl 25, BT RA
B G 0 W R, FH 3 25 I R /I T 1 R A 751 LA R T 7, 3k e i B 551 22 Sy 3 AR AR ML 7K v [m]
W, 3 AT BE 233 R TS G (R, O H— S R LR T 2 (4 ) R o5 2% A3, A W7, Z5BRBE AR, X
DAY B S R i A v 8RR L S G B O AT I B AR T %) 28 Tl 1R 5 O SR e R A R Tl S K AR i R
X IT AR B BIFFE R 22—,

VTR, B LT AENE g A A 00 IR B 0] 2 1A A2 BT 9 8 0 T2 5 1. b, TG L 47 4E (PANF) &
BT TR B S5 A e M T T Y A A, TR ZR R T LA T R R A 2 B, JF T LLFE AR B
A ZFE REA R B D) RRAL LT 4t J&—Fh LTS AR RL. IS8 2T 4 B AR 5 345 AR, =
MG S5 R A, AR RAUBEHILR A I AN ER AR OR A 5 T BAT — 5 A DL 407 i 48 27 4 7T LAAE — 58 4%
PEIEAT RS O, M S Ek R Ak R | FRERER AL Y. A, Xu AEU T8 i A B Al BRI
I A BT T [ A ) 2K B Ak SR TR U I 4T 4 (PAN L F-Fe) 25 BR B 7K i () B 2 £ 5 Zheng 4512 & Al T
oA BT IR R TVIE G 2 4E (PANAF-CL), X 7K B iR 6 19 5 BR o m ik 90% LA b, Fie KR4S
N 1549 mgeg™. T REFEY LU NG (PAN) VR BEAA, il 25t 22 FLa 98 K 27 4R B, X i e h dm R 2%
BRIk 131 mgg.

BB B A 4 T RN R Eh B A BRI 45 G e T, HTE K AR BERR Eh 1 2 BR AR R 2 N . SR,
et P I 300 25— 10 i A 2 A X 7K v i 1 1 W B 5 e = . AR BIE S LA 28 27 4 S JEURE, B Cu? [ 2
TEREAC BN 2o T YRR T, ]85 7T BB EL W0 (PANAF-Cu) , 85T 1 12 B 55 X6 7K A% r gt R 6 1Y
W B B, A R K i A [l i A AR

1 LR ( Experimental section )
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T B AT 2l 5], AR HE— 2B alifb. AL b it AL 250 & R L iR — VB (i BT R T 3
ARRAF) . KA RERR R (22 se A AR e A BR A R 5 bR L MR . SR (VU BE BB A IRA
Al s IR AN IR SN (L R A AT FRA FD s SALER . BRIRER . IHRRER . — K& HT
R (25 8 AR R A BR A F)) . & DU 2.1 — 4K (EDTA, bR sk b 220G R A7) . 1650
(B b TARRA R . AHEGE i BT A 52500 F G o L B oK.

S5 rf 2B B AR O - A2 AR IR AL D B 48 (DF-101S), JL ST TAANER A IR SR A
Fl; BE T BEPE AR (84-1A), &35 X PO B AN 4% )5 B XU T 46 (DHG-9070A K1), & NI X 2% % 5 A7
R/ W15 pH 11 (FE20~standard) , #545 §)- 46 F) 20 A FRA 7] PR K X 2 H 25 22 (SHB-1I), AR
PR T A BRA 5 4066 (722G), FIEACER A A g A RN 7.
1.2 MEAERE 47 4 A Bl

4 600 mg TIEMINEL £F 4 (PANF) . 20 mL £ &A1 20 mL A8 F7K (DD Je /e E i &1 MR A
FE, SR JE A B R VA8 125°C 2B 100 mind S R 25 5, 5 2F 4k IR P A B Ok, TR
70—80°C 22 B T /K I B Uik, Pl 41 48 8 T 60°C HLAS tp T8 %, 15 2R 3 1 I AL 41 4k (PANLF),
RI R AL R 48 27 4.
1.3 4B [ R ARG 8 27 4 i 1T Bl

W LF 50 mL 10 mmol-L™ A9 = /K A YA (Cu(NO3) ,-3H,0) Bl il AR FR AR A WL, #4550 mg )i
W B AL LT 4e i A B Wb, %51 FHEHE 30 min, 1385, PE— 2000k, IO whik, 5 B 41 4E i B A
60 °C LA TP T8 6 h, RIAT75 2 2540 19 D) RETL £ 4E PAN ,F-Cu.
L4 R RAE

9485 B - 2 150U BE (SEM, 1% [ 45 7] Sigma 300) , {8 LI A2 40 21 51 S35 4% (FTIR, 32 [§ PerkinElmer
Spectrum One), 4= H 81 G K /3 H1{L (EA, fE[E Vario EL Cube), X $F4& )t H T RE 1%L (XPS, 3€ [ Thermo
Scientific K-Alpha) , X 5t £k fi7 5 {% ( XRD, % [ Bruker D8 Advance) , pH i ( METTLER TOLEDO,
FE20), ] W43 06631 (722G, Shanghai).
1.5 HIBF [ERE L 4 4k (PANAF-Cu) B R AE

IS T B35 (SEM) . JTTE T (EA) | B ZDAMEREL (FTIR) | X SR 4615 (XRD)
FEE R AL X FHETE L (XPS) G RAF T REAL LT 4 i) R TSN . b #4548 B N0 T AR 25 4 45, AT AR 4%
FENE L5 SR I DA 2T 4 S 15400 A 45 o
1.6 RS 5

I3 AR FEAS R W BRF s 1) AR T) pH AR AS TR) 36 RE LA B AS ) 490 4 g R £ 1k R PANAF-Cuu X g il 16
(AW B 1 7. 2 24 WO FF AR R, PR 8 185 A4 R 86 7000 DI 9 5 ke, DR 5 9 IR B 1 mL 45 T
A 50 mL 25, I e R B 43 ' B 0 i A ) ST AV v A R 1 vk R, 0 Ik
iR ER B, ZE 50K AR A W 0.22 pm BT 3, J5 (85 A ICP-OES W& . JT A3 W B S 3 ¥ AT 3 IREE &
THE W B A R A T

qz(COC;Ce)xloo% (D

o CCoxv
‘ w
K, ABEER, %; g, HIRB P B, mg-g s Co Fl C, 5351 A TCHLBAA] Ify Jot £ VA 88 AR P-4 v 32
mg L V NERIRRL, Ly w oW M F s, g.
1.7 W 15
W2 56 28 017 2 2 FH A 4 3 W o 500 R B985 o i 2R I 1 =X, SR AU — 3 g 2 RNl — 9 By g 2 A
PRICIETEIEAT W Bt A%, DU S A 25 0 W B L. AN (] 2l ) S A A
g =q.(1-e™") (3)

(2
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quﬁt

= (4
1+K2qet

t

Horf, g B g 9 ¢ I 200 R0 S48 s 0 W B (mg-g ) K Ko AR IR A — 24 80 24 Al — 243 1127 i W
i3 2
1.8 M Bf 45 A
R T 5 5 288 2 5 3R T — TR BT WA R 7510 32 380 2 oY A R 245 s W A 3 (g ) ARV A JB ¥R 32 ( €, ) =2 18]
KRB, F WL MRS Freundlich 455 7 | Langmuir 75 1 | Temkin 45 71 fil D-R 7 #2, A& 3C R H
Langmuir Al Freundlich £ B #4857 PANAF-Cu X JCHL#E AW Bt 7 28, 06 R0 T
K.q,.C.

.= (5
4 1+K,C. )

qe =KFC;/n (6)

Hordr, g, A Langmuir £, 59 BRI e R M, Ky i Langmuir % %1, Kg F1 n 5371 /& Freundlich & %
IS

2 ZER 535718 (Results and discussion)

2.1 MIREFLLF4E (PANLF-Cu) 1l %

[ 228 4] 25 - 1) ) BB AL T 28 27 4k (PANAF-Cu) 19 65 B R PR 2P0 58 I, B S liE 240 47 4 Fn & — e e HE i
RSB, £ 4k 308 & S0 R I BESE A M AL 4T 4 (PANLF), 1E— 35 1) FH ORI A e A7/ FE, B SAe 4l
FEA WAL 4k (PANLF-Cu) . BEAL 2T 2k 0 e PR B 0] DASE 1 38 B kT3, BEAb s A £F 45t LG 28
22 T B R N B SR, B R 10%, HLAF A4S kA T ARk, U & el o A B 4T 4k 3k
AT A % R R T LA e s o) S o7 e (R s 2 2, e v B, e AR A P AL R B R R 4 o - O B 5, SR
1o 1 B AL AR T BT SR LA B () B, DR AR SCRE 63 B0 10% 1Y PANLF PEE— 25015

WA, A SR G T Bl A 2T 2 5 A [ Ve 8 1 TR ) 17 Y o 25 15 210 7 PAN A F-Cu X 18 158 56 11 W2 i i
PANLF-Cu BB AL LT 4 7E Cu(NOs) 5 ¥ B 34 fin %) [R] s, JHG 0 8 7% 6 119 25 Bk ey AN T 38, I HL A
Cu(NO3), ¥R 10 mmol-L™ B 35 2 i =i L, B KW~ 35.29 mg-g . SR, Fifi & i 1R i e 8 1) 4k
SEHETN, PAN,F-Cu Hr 40 (1 & f8 38 2400 A, 5 250CH: X i 2 3 0 W B i ) R 3 il 28 2 P-4, X 2 TR
PANF X4 1 [ 2 5 A2 A BR 1Y, R WY 4 25 VK B2 K T 10 mmol- L' B, PANF X 4l 2 1 [ 2 2 3k
SR, PR, SEREMR 10 mmol- L™ Bl R 4R A T 1 45 PAN,F-Cu.

2.2 IRBILEF4E (PANLF-Cu) 9 RAE
221 LYERHOIIE S A

NP 1 AT, A AR A L SR K B AR AR, 2 A AR A i PR S Rl e AR e, g AR R T R
U AR, RS2 B IR, K 2000 5 1 FE - 8 GU8E UG 21, Bl IOk RO I HEA T, R e Rm s B0 T
28, AT RS N O RS HE ARG AR 22 4 AR, P a, FE— AL BN T £ 4
(1) & TH AL LK 20000 1% )5 , 72 AL S i FEE & Cu®fi, 1T LAYE 26 Hb YL 21 21 2 AS [ A5 5 1) A8 08 Fns
JH, £ 2 2% 1 W dp AR AR, [R]IhiR B — 2 ORI P BT 7 5, 3 AT BEJE PR A 41 4R 3R 1 Y R B T R A
+ Cu-N Fefi = 5 A .

30 im | 5 um
O, — —
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Fig.1 Electron microscopy scans of different fibers
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kg 1t — 2 BH W 4T 4 S5 K, ) AR B 2T A6 (FTIR) MAE % 122 48 1 £F dE ek iy 5 i 27 4 36
4L 5. K 2(a) Bon T BASBY BELF 4E (%) EDS RE i 18, & 35 PANLF A Lt, PAN,F-Cu 30 T 37 19
Cu G ZE [0, X W Cu? i I A9 [ 288 T B fb 27 4 . 1 2(b) S8R T A4 By BEEF 4k /Y 21 41 k3,
PANF 7£ 2242 cm™ Ab (%) I IS0 FTAE 1732 em ™ Ak A% W WAL UEE 3 531) Ay MG 26 21 4 55 — SR TR M il 11 C=N 1
W 4 ) A B IR TN MR R FH IR 1 C=0O M 4atie ™. th TRk i BiTH#E T PANF b B0, e fb s b
J5 2242 et b [ W A s 5 B R . L A1, BT PANF P C=N FE 5 B EDA VIR P K iR, 5
EDA 1) NH, £ 175 1640 cm™ Ab I i T Bk e C=0 WUSHE 1) 1 45 7% Sl 06, 150 W T g ik 5 11 i) i o 42
R P17 g Ak PR 27 4E W B Cu? S, 7E 538 em ! AR BTG ) B, AT BEH K A Cu-N (W g 454, %W
Cu T8 -NH B, kg S0 T RS 0 DA, L S Cu e 27 2k L 11 [ 4%

[ () c ™ ®) S—
PANGF-Cu  pgs 22021040 .
JL\"A/O P PAN,F-Cu ¥ : b 1188, 538
g o [PANAF E: Y. :
(3 & | : ! : 1250:
W PAN,F § : L 11566
PANF ! : |
1 w [N L
1 1 | 1 1 1 1 1 1 |
0 2 4000 3500 3000 2500 2000 1500 1000 500
Enenry/keV Wavenumber/cm ™!

B2 AFL4ER EDS BEi%El (a) ML IMEIEE (b)
Fig.2 EDS energy spectrum (a) and infrared spectra (b) of different fibers

223 LRHERMEAARS T

it X G AT (XRD) FAE T A L 46 i R S5Ha. [ 3 % T AR IR B B 9 2 46 19 XRD 814,
T YEFBTE 20 K 16.5°40 4 — A~ 2 [F] B 17 5 05, 20 = 28.6°4b A — A A A 38 B 1 37 559 e, 22 WA
PAN,F. PAN,F-Cu Fl PAN,F-Cu-P 5 PANF EAT R UL A FRAIE I, 3R B 47 4 e o AT DR T S 26 21 2
AT (1 R R GEH , R, AR IR ORFF AT LA, PANLF . PAN,F-Cu il PAN,F-Cu-P £855 (19 17 4 i 11
oif Y I AR AT, 3% B SR O s I 1) R W B 25 4 O i 533 A0 VA . E— 2B [T 38 Cu?' 5, XRD S %
A WA B 45 W Y Cu, 13X 7% B DN A8 AR 41 8 R (1 [ 44 Cu b F I8 TEARTS, JE P BB T Cu—N 4
CHE e Trdy
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B3 ARFELT4ER XRD K
Fig.3 XRD patterns of different fibers
224 IR GRS
WL TCR AT T AR B 4R e 2R 4L, A OCEE IR 1. 5 PANF A HE, PANLF H19 C &%
SRR, H S &3, oA & R R IR G 20 47 4 AT /D C R 2109 H, R & e vl i D)4
F| PANF L. JLAh, N IFFFEIESE T A2 T A 19 C=N SL A AR B /K i, 5 EDA B fefk, I DAl
AR R A AE R 5l A CugtE 5, PANAF-Cu C. H & BRI EW —NH, HEES 5T
Cu> W [t 51 A P ICZE )5, M F PANLF-Cu, PANLF-Cu-P H# N & 819 FFEE I Cu 5 NI AL
i, WEEAAAE A 4R b, DL L SEER 25 BLIE R PANAF-Cu B9 D ele 1.
£ 1 RFELFLER IR MR

Table 1 Elemental analysis data of different fibers

Hedh
C/% H/% N/%
Sample
1 PANF 66.11 4.86 23.91
2 PANLF 60.30 5.89 22.77
3 PAN,F-Cu 55.28 5.49 22.57
4 PAN,F-Cu-P 55.76 5.65 21.91

2.3 PANLF-Cu Xk R &5 0 W B BE AT 5T
2.3.1 pH % PAN,F-Cu W% FfF 1 E 14 52 i

PH {2 P 5 W BRSO i S R 2L 1K 4 3R IH, pH {ELFE 3—7 B, PANAF-Cu X iR 15 i) 1% B2 it
# pH (1 FF i 3 K, IF A pH=7 B ik 8 5 KAE 26.99 mg-g . IR T M I 1 4 (1) 22 32 1) 1 e B i
B2 DA AR I 2= A 1, DRIk, 4 T R 094 3 T T 98 sy 0 b ) Tl T A ) 8 g g o L i o i
AR (R 38 $ L0 2% T 97 2010 Cu? X Wl 9 E 47 BE R B . 7F pH {EL7E 5—8 M9 251 T, PANLF-Cu X i i £h
F14) I 2t 1S i 247 A A g B 7K, W B TS RE AR 2 10 mg-g ' LA L. 3 I [0 3 40 85 1 1 i A i ek 47 4
LA 3w HARE MR R Eh K PRaR.

a
N

pH
4 pH (DA EPAE MR 2L 69 B
Fig.4 Effect of pH value on fiber adsorption of phosphate

q/(mg-g™t)
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232 WeRfkshJi2E st

S MBESE T AR 288, 298 | 308 K 1Y 3 FRLEE S5 T, 1 245 W2 o0 590 ik [ 25 722 0 Bt 12 6 %) 2 B < 119
A, 3 S5 IR AR AL R KB [F], T 10 23 P R 6 S B A P, i s VR B SR R0 22, £ 30 min e &
AR 5 B W B 35k 2 B, 7 WIS 2 R 6 B, WO R 790 2 1P 25 B ) A ek 3 P A7 s T A AR T S -l A 7K v
R T 6 i 55 ESF V) P %, TR IRF 551 £y 25 T R R 358 P A7 2 8 1k B A A, O o ot A B =2 D18 . TR AT
it PANAF-Cu Xof 5l 102 5 1% W B 3 A2, 9 591388 2o 80— 2 8 07 2 8L 5 8l g 2 %o W B 50 i A 00
& B S J1 2 B 50 B0 18 5 M2 2 Firs, 76 288, 298, 308 K %5 3 AR T, ) 4k ) Sy 24 B R ()
R B8 T — sl Jy 2445080 it B, FHAU G 8l S AR BB 1) g (0 T U 3 S B 1 W B 3. PRI 0,
T2 R 96 R KTl A 1 R B o 7 B O i e o227,

24 F
2F %,_L__—
W pE T
7’:0 18 ik
& oer ! L 288K
gk ! 298K
T |4 308K
12 1 Quasi-first-order kinetic model
10 I -+~ Quasi-second-order kinetic model
ol
6 C 1 1 1 | 1 1 ]

1
0 20 40 60 80 100 120
t/min

Bl'5 PANF-Cu X IR ER A9 WS ) 7“7
Fig.5 Adsorption kinetic model of phosphate by PAN,F-Cu
% 2 PANLF-Cu xR R (0 50 122 244
Table 2 Kinetic parameters of PAN,F-Cu on phosphate

— 8 )y E1/N= 7 e el
T/IK Quasi-first-order kinetic model Quasi-second-order kinetic model
K,/ min g./(mg-g™) R? K, /min™! g/ (mg-g™) R
288 0.824 19.781 0.754 0.056 21.533 0.952
298 0.999 20.700 0.688 0.066 22.237 0.931
308 0.927 21.754 0.627 0.073 23.379 0.906

233 WREAEIR L AT

T W] PANAF-Cu X 92 0 W FREASE RN B PR RE, 78 205 T, XS [RI00 s B R 6 vk B T kA7
TR S A R S ST T IR, AR RS DR B R 9 R R 8 T I A W R R ) L v B T T MG R, L E K
RRH T 3 AT R R R 7R AR B R AR v BE T, W PO LA 57 A T8 22, Wit 2 v B O B2 v, 5 PR G RS e
328 8 35 B AR A, W BRE AN B R Langmuir A1 Freundlich W B 25 R 2645 780 o B4 2547400 &, i i
A 153 1) AR DG B 23 0 62 T 141 6 Fik 3.

0 ' w SHRExperimental data
5+ VA Langmuir model
" Freundlich model
0 = L
1 1 1 1 1 1 |
0 5 10 15 20 25 30
Co/(mg P-g™h

Bl 6 PANF-Cu X R ER () e B 25 R L 1
Fig.6 Isothermal model of phosphate adsorption by PAN,F-Cu
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M 3 AT LU Y, Langmuir BEAYLA #2810 (513 280K F Freundlich #527Y, 158 PAN ,F-Cu X B 2
AR A MR BT IE B T Langmuir FB88Y . R, W BRF 500 0T 828 2 6 1% W2 B B 1] T 25 50 1 B 53 2 A WY
i1 Langmuir #8455 PANAF-Cu XL 5 19 5 KB 58 49.03 mg-g ™.

3 PANLF-Cu X BERER BSR4 28
Table 3 Isothermal parameters of PANAF-Cu on phosphate

Langmuir Freundlich
qemgg") K/(L'mg") R Kg/(mg-g-(L'mg")"™) 1/n R
49.026 20.258 0.995 3.242 0.659 0.982

234 MAFBHE TR

R E PANAF-Cu X W52 5 2 BR A BE BRI, 2 e B iR +h . SUe . iR £k Ad i 55 Atk iy 2L
FERTES T FEUR B Ry 1107 mol L™ AYBERR R 1 43 A R S5V FE () 1L NOy ™ CO3™ LA Bz SO 45 4L AF
BT, #R5T PANAF-Cu X ER IR B BE ), Z5 UL 7. 45 53R B, 4 A LA7 257X PANLF-Cu T
BB TR R (OS2 MR 40 R : SO > CO3> > CI > NOy ™. Hirh NO; 8 188 £ 19 1 B 52 1 55 /> . SO COL™ L
CIFI NO; BEA a4+ 77, Al BESE R A B R 6 s iR SR VR — AN B8 5 0 S L A 25 B2, LU R B 25 1
I T U g T . A b SEBG 1EB PANF-Cu 7E SEBRZK AR i B EZE 8 2 T 85 1152 i 1 2T AR A7 A B
BERSCR.

60

501

40

30
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Fig.7 Effect of coexisting ions on phosphate adsorption by PAN,F-Cu
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XPS s Mt — 2 7n T WA fb 22 RS AT R AL, B 8 R T WE Al J5 PANLF-Cu £F 4 (1)
XPS J6ii%, 5 PANLF M, PANLF-Cu 8L T i) Cu Ju K 5 (18] 8a), 1X F B Cu* m{ T A9 [E 288 T i
fREr4E b, We B S R F e B T —A> 133.5 eV BIf5 506, X P 2p BB 51 AY, RIABFRR Ll er
Y IR (E] 8b) . Cu il iR 15 W B %) B3 ik R £F 4 W B IS Cu JC 28 14 1 43 PRI UE B (18] 8 c-d)
XoF G W R R FR 2T 48, Cu 109785 40 B O3 4 P, PANLF-Cu-P 17573 B8R Cu 2p i Bl /i il B, i
I T 934.73 eV i Cu—N 45 5 RE T FEF 932.61 eV, 3% 1] LA A T3k H BERR R P 5T Cu 4241t
THSMYHF, JE R T BB N-Cu-P FLA7 4k, TN T Cu TR F =%, BEAL T 45588, BXFsE T
PR LT SR F T Y Cu 38 3 e A7 ISCES 1) T X Py A A . D38 B 46 5 — TC (A AH B AR FH 202 W o i A
1) 32 AL O AR N W BT R S 0 5 3 E O (18] 8 e-f) AL AAL T 400.62 eV ) —NH,(—NH)
HEAEAAE R R 399.93 eV, E AT Cu B T i Cu-N A4 JiE 7 45 A4 2 2 2 1 1Y Cu® 38 1 R R 6 b
P—O A IR BUBT ) N-Cu-P FE 7 25 BRWERRER, 1% 3K A1 1O RS 3 % W1 & 2 H REMTAE PANAF-Cu X% 7K
PRIl P - ) O o Pt 2 B . DR AR B R &5 5, T AR T PAN \F-Cu Xl iR £5 (943 206 W B 32 22
WS T2 4L R Y Cu-N B2 2548, TR 8L Y N-Cu-P e {5 2514
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B8  TAREALLT 4R A BERR Eh 1 1 XPS %
(a) PANF-Cu W BIBERREL G 19 XPS EE &L, (b)P 2p IR HOLIEIE, (c-d) PANF-Cu WEFNBRRRERTT . J5 19 Cu 2p BUR M HOLIE A,
(e-F) PANAF-Cu W FNBRRGERTT . J5 10 N 1s B - H0 LS 1A
Fig.8 XPS spectra of functionalized fibers before and after phosphate adsorption
(a) XPS survey spectra of PAN,F-Cu before and after phosphate adsorption, (b) High resolution XPS spectrum of P2p, (c-d) High resolution XPS
spectrum of Cu2p before and after phosphate adsorption, (e-f) High resolution XPS spectrum of N1s before and after phosphate adsorption
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SR FR 5T AN [ it U 5700 XoF 0l 2 5 1) ik ISR B2 ), B 7% HE SC 56 (36 4), &2 B HCL, NaCl, CgHgO,(F7#5
fiz ) 1 EDTA( & Z K& VO £, g — 40 ) XT B 1R 5 (9 i 1 23 53 01l R 52.50%. 2.50%. 87.50% F1 97.50%,
EDTA MW R 5 0 97.5%. I 9 il LI H, 2853 8 IRIEIR R, PAN\F-Cu Xif i R 3 119 fiff W SR Bk AR
FRELE 90% LA, HH IV A I R L R 95% LA b, 32 PANLF-Cu ELAT Z2 51 WG SRR AR 14 £ R et

F 4 RIFEVEBLRT PANF-Cu W BB R £h J5 114 e i 2R
Table 4 Desorption rate of phosphate adsorbed by different eluents to PAN,F-Cu

e e/ (mmol-L™) Vil o S 2%/%

Eluent Concentration m Desorption rate
HCl 1 50 1 52.5
NaCl 1 50 1 2.5

C¢H30, 1 50 1 87.5

EDTA 1 50 1 97.5
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HRIEE R BE N 2 mg L' (B2 £5 1 WO A 22 LA 0.5 mL-min™' A9 B R HE T S0 3 50 50 R P
50 mL P K A R AR VR B, R AT DA R AR i 2 am th 2, Wil 10 Bk, SEEe R B, BEE K
SN, K R B R R VR LR 2 . 24 K /N T 2700 mL B, @R 25 PR R AERETE 99% LA
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Fig.10 Phosphate solution penetration curve
2.3.8 PAN,F-Cu TESEBRIE K ih BR vk REb 5%

AW 5T #E— PR 5T PANF-Cu 75 SEBRaK AR A 0 FHACR , i T PANLF-Cu % 8L ( H 2R KR w5 15
LA o W B 8 7. A T S G R i B TR, KR B Y KA Y W R R TR B2 R Ol 1000 g L' P 43
SPK 0. 5. 10, 20, 40, 60 mg () PAN,F-Cu B T 10 mL [ 3R/KEEF i 24h, FIH ICP I & ) 4> 2 £
WERE, M 25 R WL 5. SEERR I, 24 PANF-Cu s I M8 3 20 mg A, @l R 5k v B B T 28 100 pg-L!
IR, B T WA S & 3R B e/ N EE 200 pg- L' AT 0L, ASHIF 58 i 45 45 2 1 /0 PAN,F-Cu 7852 B
IR L AT DA B R K AR 1 & 7 TR AR

TS5 PANF-Cu XM ER A4 I8 B AR BRI
Table 5 Adsorption limit test of phosphate by PAN,F-Cu

PAN ,F-Culf Jfi & Y mL B[]/ h WERRER MR/ (ng L P)
Quality of PAN,F-Cu Volume Time Phosphate concentration
0 10 24 1113
5 10 24 759
10 10 24 393
20 10 24 98
40 10 24 92

60 10 24 90
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2.3.9 5 AR R A HLAL

N T VA T REET 2 I B 500 9 I R, 2% 6 S M T I AR R R IE 19— LEHT T R BRI K P B IR A1
BRI BRI, A T b G R i i 670 2 A i R LA 5 A B SO 28 A T Al P LA BRA A v ) O R
RET. IEAb, 53 b 528 i FLAB I A 3047 FR B P IR BE 0 AR LE, 364 T Cu-N AR S5 M i D RE AL 2T 4 3%
PR HG T B Y P RSP A B A kT LA PR C A7 s 5 B T RT-NH, TR N 22 [ Y
i {37 A5 2 ST 55 | A 114 0 85— %) e B IO A T B ) N-Cu-P 22 [R] A A RS 45 B L. L Ah, PANLF-Cu 7E1/E
P H] 8 R LS KAR RE A AT 80 L BRBEIR L. SRR UL, 5 H A48 (4 B R Eh Se SR W B A B HRE L, AR
VR AT E A4 S BB T 24 IR B 50 A T B AT B e B S A A B A e R I BT PR

R 6 I ALBRBE R Y PR
Table 6 Comparison with other phosphorus removal adsorbent

MAZ B 55 R Bf i 1] TR (mg-g™) TEFR AL

Adsorbent Adsorption time Maximum adsorption capacity Number of cycles SHIH
AT A WA R 7d 10 — [27]
Bihseky 20 min 7.1 — [28]
BATER A B T TRk R 60 min 31.28 — [29]
TERY L BE A Fe 0,40 K kL 90 min 7.73 3 [30]
WEVEVE R FeFe,0,% + 2R 54 (CIONP) 2h 3.12 3 [31]
PR 72h 10.21 — [32]
B 24Si0, 1T o 1h 0.65 — [33]
[ 2 Fe (I PE A 4h 14.12 — [34]

[# k # F  DRE NG 28 27 4t (PAN 4 F-Cu) 24h 26.99 8 AL

3 458 (Conclusion)

LR DR 0 1 £ A o0 DAk, 3 e fe b i e ol 15 2R DN 0 IS & &4 2 T 1 28 B 56, 7 3 2o Jre 665 4 1 B Ao
ER, W) & BB A Cu-N B A7 45 14 7 57 289 0% B 58] (PANAF-Cu) . 7E pH=7 i ik 2 W Fff & B K
26.99 mg-g !, pH {H1E 5—8 MIZAF T, W AN RELRFFR] 10 mg-g ' DA _F-. 2 B (7 4R 4 15 1 1) e e el
27 4 HA B LR SE W R £ 25 IR A 8. PANLF-Cu F W FfF 3 5 B 24545 PR — 50 g 27 W BASE T80, 18
SRR F PG S5 A G Langmuir SRR, 3R] P AE PANF-Cu J& B9 )2 W B, 78— IR, XF
TR TR e 11 25 IR 20k A i o YR 3 TP v T 3 M. 368 o R /8 R Bk B 0, 280 8 IRAE A, PANF-Cu X
TR R 1 IR B0 2R AR RSB FE 90% LA b, FH N 1) A W B2 28R A AR AFHE 95% LA, PANF-Cu R 47 (1 BRgE ]
TEFRE ; W2 FREA, PR30 B6 28 B 24 /K B35 31 2700 mL ], RFRi IR 5 19 22 B 341555 5] 99%, HLAT #5152 B
I 68 J1. XPS f# A7 22 W1, PAN (F-Cu % 85 12 45 1) W2 B A1 30 32 2 oy £F 24t 32 18 % 58T 19 N-Cu-P FL 7 2%,
PAN \F-Cu X6 PR TS Y4 1) B2 K BA AR I 1 PR 3, S — b i 5804 Ak 55 [RDISOR ATl 12 2k 1 R R e
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