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Preparation of hydroxyl-iron-zirconium modified activated carbon fieber
and its phosphate removal performance
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Abstract In this study, a novel adsorbent for the removal of phosphate (P) from aqueous solution was
synthesized by modifying activated carbon fibers with zirconium oxide and iron oxide ( ACF-ZrFe). Both single
factor and orthogonal experiments were designed for the optimizing the preparation conditions. The adsorbent was
characterized by environment scanning electron microscopy and Fourier transform infrared spectroscopy. The
results demonstrated that the optimum preparation conditions were n(Zr)/n( Fe) ratio of 7: 3, total concentration
of 0. 1 mol/L, and ultrasonic time of 10 min. P adsorption was highly pH-dependent and the optimum pH was
found to be 4.0. The adsorption isotherm was well described by the Langmuir model, and the maximum P ad-
sorption capacity was estimated to be 27. 03 mg/g. The kinetics data were well fitted to the pseudo-second-order
equation, which indicated that chemical sorption was the rate-limiting step in the adsorption mechanism. Moreo-
ver, co-existing ions, including sulfate, chloride, nitrate, and fluoride, had a definite effect on the uptake of P
with the order of influence being F ~ >NO, >Cl~ >S0; . Fourier transform infrared spectroscopy and change
in pH associated with the adsorption process revealed that ligand exchange and electrostatic interactions were the
main mechanisms of P adsorption onto ACF-ZrFe.
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and ultrasonic time on ACF-ZrFe adsorption capacity
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Fig. 3 Kinetics of phosphate adsorption on the ACF-ZrFe
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g, B A I B R B R, me/ g5 g, AR
W R, mg/g; €, g W B o - 18 9 S5, mg/g;3 Ky h
Langmuir % %% ; K, ,n 4 Freundrich # %%,

Xof V- W B S g, S AE R BT C RIS
S5 U I B R 2, a0 1A 4 B o el T TR IR 5 A
A5 082 R i A 9 T AR ke TR ) g A T K L 2 e TR
AR 2 1 R 3 — i e I, ACF-ZeFe 1 - 107 15 ff 2
JUP AP, W B F- 7 45 il 2 5 B e . X
S HI T F R B 5 — R, W B L s e — L, Y
VAR W R AR B N 3] — 5 B BE , ACF-ZoFe 3 T 14 T
IS 5 T O B A, X e 1 I B BE ) A 1 B
6 WA TR J3E AR 1S R T G K

535 M Langmuir J7 #2 I Freundlich J5 7 % 4% it
W RS A0 AT 40, A5 300 10 W BT 45 3 2 400 S Bk
B4 P, a4 v, Langmuir J7 B2 405 HY
FIOGRBOE = (R =0.999 0) , B8 947 3y 4 34 0 76
ACF-ZrFe F M FIAT o Hiteal LAHED , ACF-ZiFe
X B 14 R A 42 0T LGy T T2 A A Ak T
Hi Langmuir #8175 Hy ACF-ZrFe X # 9 fiz I Bt 7%
4 27.03 mg/g,

25 SR SCHR b 4 A LA R B 57 5 ACE-Zr-
Fe BRUEVERERY LLAL .t Al WL, ACF-ZrFe X 8 Y fix
R B 75 kg T I SE I B A4 L, 2840 ACF-ZrFe 4k

%3 ACF-ZrFe BHIBEERE MBI HF S H
Table 3 Kinetic parameters of phosphate adsorption on ACF-ZrFe

HE— %) ) I’

W= 93 )17 i

Cy (mg/L) Te(expy (ME/g) -
ki (min™") gy (mg/g) R ky(g/(mg+min)) g, (mg/g) R?
10 9.88 5.8 x10 73 7.30 0.974 4 1.6 x10~° 10. 39 0.999 4
20 18.30 7.0x10? 18.29 0.984 7 5.9x10°* 19.76 0.997 9
30 22.50 4.5%x1073 18. 34 0.994 4 3.6 x107* 24. 60 0.997 7
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Fig. 4 Isotherms of phosphate on ACF-ZrFe
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Table 4 Comparison of adsorption isotherm parameters

Langmuir Freundlich
9 (mg/g) K, (L/mg) R? n Ke(mg/g) R
27.03 1.48 0.9990 4.35 13.52 0.792 2

RS [ IR B BR B AE B EL B
Table 5 Comparison of phosphate adsorption of

different adsorbents

=2 W i 5] % B i (mg/'g) 3k
1 115 A A % S 55 7.80 [18]
2 BRBUIE T TR 2% 2T 4E 12. 86 [12]
3 AR 12. 60 [19]
4 La-EDTA &My Fe, 0, 4.19 [20]
5 PR 8.21 [21]
6 ACF-ZrFe 27.03 EE

FL KRR W 2 BR R AT 3k F] 99.05% , % W] ACF-ZrFe
S — TP IR B R A A ) VR S A e
2.5 PHEBERLIMKIESHT
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fiw . B ERTOL, Bt AT ACE SRTE e, AR f
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AR S B %) WO B4R AIE 1 K i A O B . T S
(e) A7, 0 W BFF s 07 J , 8% 4 480 Ak 4 1 4 2 AR
/N RER A AE ACF SR, Ui W] ACF-ZrFe AJ 55
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em ™ ) 3 AFRAEE , JL A7 T 1 383 em T fFIE Y 2
NO, ¥R, £ T 1 338 om ™" BF 3T 1 06y 42 )8 32
T —OH 45 4% 3 7% A 2,512 em ™" Aub f Wi o 06
H1 Zr—O B A 1 W 20 AL B, B Bk AR AL W
BRI G ACF 1. 5 A7 0 0 B 5 R A1 AR L
J W J5 1Y ACF-ZrFe-P 4T Ah i [ v ix 3 AR 1E I 0
W 2%, FFAE 1 057 em ™' BB A9 P 0%, Ry P—O R
Bl B FEAE W W UG, e B ACF-ZrFe WE ) 5 B BRI Z
] 77 AR O
2.6 BAEFHZSHRM

LR K P A A KB T, AR R
22 X) ACF-ZrFe WL B W AR = A= 52 i o A I, A BiF
FEHLET NO; (SO;™ (F~ Al C17 X 4 Ffr sk fA v 4 UL
BB Xt ACF-ZrFe WE B 7K o i B8 26 (Y 52 e o 945 WK
FI UG WMk B2 O 20 mg/L, 4 Fh B - #k EE 1 04 100
mg/ L, W I 1 g/L, W5 pH £ 7,15
25 C TR RN, 45 R 7 s, DLk 4 fpdt
7 B 1 14 2 % O o o R = A 0 o A R 5 555
FEl:F~ >NO; >Cl™ >80, Hfb F~ %} ACF-Zr-
Fe 1 B 8 i 900 1 55 @ %, 24 F ¥k B4 100 mg/L
BF B 14 R BT i 16. 82 mg/g FE % 6. 71 mg/g, X
— 25T AT ST IR HLEE VR AT R e BT A

(¢) ACF-ZrFe-P

K5 ACF,ACF-ZrFe ;. ACF-ZrFe-P [ ¥ 55 4 4 45 18 A
Fig. 5 ESEM images of ACF, ACF-ZrFe and ACF-ZrFe-P
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