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Abstract

The iron-loaded eggshell powder (FeESP) was prepared by surface modification of eggshell powd-
er with iron nitrate in this paper, and its phosphorus absorption characteristics in water were in-
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vestigated by static experiment. Structure and morphology of FeESP were characterized by SEM
and XRD and FT-IR, and then the effects of FeESP dosage, eggshell powder particle size and pH on
phosphorus adsorption were investigated. The results showed that FeESP could effectively remove
phosphorus from water. For 100 mL phosphate water with a total phosphorus concentration of 1
mg/L, the phosphorus removal rate could reach more than 99% when the particle size was < 100
pm, the FeESP dosage was 1.0 g, pH = 7 and the water temperature was 40°C, after 1.5 h of stirring
and adsorption. The maximum adsorption capacity was 0.111 mg/g at 40°C. The equilibrium data
for phosphorus adsorption fitted Langmuir and Freundlich models well. The adsorption Kinetic
could be best described by the pseudo-first-order and pseudo-second-order equations. pH was the
most important factor for phosphorus removal, and it was beneficial to the absorption process
under acidic conditions.
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B AK AR A K R TR IR, (R SR K e O B B et e B T SR AR K, I KA
B, LA UG R IR BE S R WG B SRR BTSR[] [2]. AP B BT
SR P A T HER TS K (RS /KA B35 bR #E(GB. 18918-2002)) M RE(LA P it)
() —2 A B R VFHEIRGRE 9 0.5 mo/L, (33 /K ¥R 85 B b vit (GB 3838-2002)) /KAt v 2 (T B3
FAMFH KX B — M5 SR K I) S (LA P ) bRvE PR AE 0.4 mg/L (1% JE 0.2 mg/L), DRI A4 4%
Pl AN A TR EE, DA Sh ARk B B IR AL ]

LTS KRB AR GRS VRS, S0, AR . Hh R TR, B
AAR &GRS0 A, FESEBR DAL S8 T 72 . F T AR B AW R 7 3 B R AR 425 [3]
SR EAZE[4] AR SRR FI[5] R S B FI[6] 0 — A 2SR PR 751 EL A bR TR AR K o B 280 SR
R RRIA 5 RRABAG. RIS Ye. X T BRBE R IR, 78R 7 5 TSR A b LT [l Ui R
FHBCIR BA A

KHBS BRI R TN N B AR AL B, 18R A IR IRAS 93%, THIREE 1%, BEMASE: 3.2%, A
PLBR 2.8% [7]. &5 A WU 3 AR R AL, S rh RS B B TR, B A B
BERE T AR AL DI REIAI[8], BRI NN, BE0S BRI G B T Yt S
BECL S A IREAE 9] BRSEXT B —E MR AE T, AE ECR B AR BRI . 2 HE )k 0T Bl LA T R
TRBE L RACR, AT FE S W B St B SR AT OO, DUIR B R M OB BERE 1, H IOPE TR AUk
MR T IR BE VRS, TS K IR B R B S e %,
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2.1. MRS
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AXH8: HCI-6D E IR S B K I 4R (4 k2 B IR BB S 36 1038 ), GZX-9140MBE Hi AW I 34X T
BB RS MRS IR A AR &), FALLOA HE T T( b EF 54 T 2% (L ST A A1), 5B-38
(VB MUK I BT 2 M 3R (R R A A 7).

22. EWAE

2.2.1. BMEBEFTHEE

VXS ESTRR LN, FHZAWAGATISYE, B, Wi, SR04, SRA 50 H A1 100 H iy &,
#33)°KT 50 H. 50~100 HZ[H. /T 100 H B =R EFEH, SREH0E 105 CHRAMT FE &, FEmbs
it N ESP.

TEERFZMT, K 10 g Z TR =FP & 528 73 I B —E 21 1 mol/L Fe(NOg)s ¥R H i 115
5] 24 h, SRJ5 HALAE 0.45 ROKIEAGHEAT IR, JEVET1#/57E 105°C N5 &H, FEitrid Ay FeESP.

2.2.2. BMEIBEFHHIRIE

KM SEM AT B T CSCE BT JE A it ) AR 0 AT DARLER e DR 3R TR 3424 ] XRD Xt 88 7k
PR R JE RE i AR S M T RAE, T 5% AN Cu Ka H14k(4 = 0.15406 nm), @i S5HrukcA 24
(JCPDS) IR AR AT SO FUELI s AT 5, A FT-1IR 207 I 52 A RS I 2 T R H 2 141 o

2.2.3. WRMIsEIE

) W PR AR A2 0T o3 Al 255 SR PO o i P R — A o) 4 S BRI P 10mgP/L Y83, Je 852 56 I /K T
P AT AR, SR 0.1 mol/L B9 HCI WA 0.1 mol/L 7 NaOH 347 pH 1475 . 7E 6 4> 250 mL
(HETEI N AT GG FE N 1 mgP/L (R 100 mL, 23 50\ = Fiokifz it o e RS 82 580 A1 = Fiokifz 1 R 2
PEXSEE ST & 1.0 g, ARJEHCE T/KB S SR T HHMTIHIRIRY 1.5 h, BUREEIE, RAHIRE 5L
(GB11893-89)ill & WK FE( R [F)), FFitE LBRE, e HiGkift.

2) FMEATBRBESCR M 75 3 /> 250 mL FHETE RN AT LGHR E 9 1 mgP/L (137K 100 mL, 4371
A 0.05g. 029, 059. 1.09. 1.5 g &AL HKIEXS E5TH, SREHCE T/KIEH iR TR TIERR G
1.5 h, HUREd g, SRR : 70 6 6 B 1 (GB11893-89)iMll s Wk FE (R [Fl), FF it bR, Hie BudE i .

3) pH X BRBERCR B : 7E 7 > 250 mL FUHETZ I AWIZEHE Y 1 mgP/L (3 100 mL, 237l in A
1.0 g BoE KA KIS EXS T, AT pH 203 1. 20 3. 4. 5. 7. 10, ZRJETHE T/KIG4R iR N kT
1.5h, ket g, PHERE GO0 P(GB11893-89) Ml E Mk (R F]), Fits£M%E, e o pH.

4) WHAERLE: K 1.0 mg SIS BRI S B AR I 100 mL SRR B BV, K pH R
TEROEAA, (EIREN 25°CIRY; 1.5 h, HUFEIE 8, KA HIREL 4 6 6 12 (GB11893-89)ill e M ik f&,  IF:
2o 1) FL I P S5 28

5) WePHEN 3% 18 6 4> 250 mL MIHEIE ARG 1 mgP/L (13K 100 mL, 435I 1.0 mg
BOE R RS EE ek, K pH T EROEAE, 7E 25°C N THRY 1.5 h, 7 3lfE#k? 1. 10, 20, 30.
60 90 min G EHTEURELINE, SRR E: 2 66 v (GBL1893-89) M e Mk B, 20 thil FLIR Y 3 77 % i 2%

2.3. HiEALTE

231 EBRFEHELAR

c,-C
n:%xloO% @)

0

b Cy MR PR Z, mgP/L; C N t IS ZIVE R B EE, mgP/L; n AERRE.
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2.3.2. BMETELAR

C,-C,)
g = ———/%100% @)

A C NWIERE R R IR L, moP/L; C N t B ZIVEMU P BRI EE, mgP/L: V R EBEEBRIAER, L; mK
NI, g5 g N IS ZI &, mgP/g.

2.3.3. BIBRIBLBER %

TR S PAT AT 3 IR, ERSTH X IR 2 R e S B 5 23 R (2R 1) AN(R 2)1HE: AR e i i
P i i ] P AR A e v — B R (X 3) R A (3R AP SRR BRI T, SRR X R Bt
T B P4 5, %A Langmuir #5578 (X 5) A1 Freundlich R4 (X 6) % 45 15 W B i A2 47 4004 - K Origing.0
BAFHEATED J7 2 A I SRR LR A A T, TR R B R? S 1 LA 45 SRR, B 1 LA U R Bk
3. ZREITE
3.1. FBEFTHREXIRMHER B0

B 1 M T RERIAR 2R, SO AT o XS B SR X B A R RCR . mT DL RiAR )N, XS R SER T
TR PR~ P B R IR O 3 . 0 T RSO E IS B 7ok : /T 100 H B (-Pir i B S K, O 77.4 mglkg,
3 AIEE KT 50 H A 50~100 HININ T 168.8%H1 140.4%. *F T-2kBtikfIrg EHs: /NT 100 H iP5k
MRk, ¥ 109.6 mg/kg, ZrHIEL KT 50 H A1 50~100 H 0T 40.29%81 10.9%. A WLBchE J5 R4 o)
W B SR R RS TA/N o AR R /N X BRI A FH ) S ) 2 AR IRAE AN TR . O REAR IRk, S50 bR T
UK, GRTHRM; @ s, alaextBh R mFLAR G A ok — 2o md,  MTTRLAR 152 k) o
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Figure 1. Effect of FeESP (ESP) particle sizes on adsorption of phosphorus
B 1. K13t FeESP (ESP)X M BRI SN

3.2. BEFMIEMEEIR
K 2 ARA/NT 100 H SRS BT AE R MR,  EHBon & B I SR RS . MO EA
1.0 g/L B, ¥EWBER RN 87.6%, MEERIM=RIEM, ER B LR ZEEN, 48N

5.0 g/L B, EHHBRIIRERFN 92.1%, (H LB X BRI AR A, FEORE N X
WK BE 1.0 mo/L #E7K (8 GB 18918-20021 4 B #iifE), W ELM) 25 B AT 50%, gt mr LAKE B & F AR 2
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Figure 2. Effect of FeESP dosage on adsorption of phosphorus
B 2. # 8IS e G ER T IR B A 72 )

3.3. ¥IEER pH RN

ANIE pH ZEAF T RS ER SR (N T 100 H )RR 25 BRI R0 3 . 24 pH £E 3~6 (75
W, FeESP XIWERINM EEIR, EBRFKT 90%, [ pH AIHIHN, Wi 25 BR AR PR & 2 S LR Y
Hah . TESRIR(PH < 3) 4 AF T, BUMEEFRM A MEI IR, FERTEERR LIS Fe* M HEN
W, MEHAR pH ERMETT, RERA Fe I HI10]. RILHERRIESE T, BEIOWHREAR. 4 pH E
7 3~6 (MM Py, BERREREZLL H, PO, 76 TV, St RINA Fe® I Ca® f27E, LIl H
WHIWER, BEGRE RSO R L, 2 pH 4RSI, pH 7E 8~11 7 [l A B IR #5322 LL HPOY 17
£, FIRNART OH B FIREWIE M, OH 5 HPOZ TR 564+, Him pH A 7 B A W bt )2 ity
AHEZ M GO, XIS TR [11], AR T AR SR TR 1 KT o
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Figure 3. Effect of pH on FeESP adsorption of phosphorus
3. pH %t FeESP IR FiRkaI22ME
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3.4. BHMIEIHE

N T RS ER SR 7K T i A B R AR BRI T 2 WRAE DM ER TR T (I Y
ARREE, RN B IR (A 3) R — R e s AL (X 4) [12] 93 i b Bl it A7 3h 712
e, Ha L ARSI 4.

G =q.(1-e™) @3)
k,qt
G =2k ()
1+k,q,t

e g Mg, 20 tIRE RSP A IR B B P A B, mglgs R R, ming kAR IR
REHL miny ko AE HWMHE R, g/(mg-min).
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Figure 4. Adsorption kinetics of phosphorus on FEESP
4. FeESP IRM#RIEN NFHELER

H1 orgin B B0 A 435 S5 R v — 2 R N Bl AL, g, S4 0,096 mglg, ky 24 0.19 min™, R? Jy 0.989;
ST UE R R N A SRR, . 9 0.10 mg/g, K, 9 5.5 g/(mg-min), R®Jy 0.964. Fi& HIIlEks E# &,
RE— N ) Y (R4 RS T K T HE 3 ) S R AU S R T, DR e — 2R3 g A A W] LA SE 4 4l
FE IR AT Tt ORI W P I AR E— 23N ) A RS T A R O 4 R PR A,
e 05y ) AR R I 52 A0 W PR AT B o) W BRI R, bR T R B ) AR R A P AR A, AT R
R B e R b A B B R A 2 R B [ s
3.5. RMIFFiRLk

N0 T RO B TR S B R B HLER, SR Langmuir ££584 (5X 5)F1 Freundlich 1524 (5X 6) [13]
3 T O B SR W B B A IR R AT A, LA SR WK 5 Fon . MWEITRRT LR, Stk Esem
A PO R B B B A R B FE I S T 9 0, 2 S 3 I Ak 5z . 4w aR kB D 250 mg/L IR, T B A 3]
B NAE 27.8 mg/g.

Langmuir %53 X :

g =(a,K.C.)/(1+K.C,) ®)

Freundich 2575 58
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Figure 5. Results of isothermal model fitting for phosphorus adsorption by FeESP
5. FeESP xRN M SRR BN S 45 R
1 orgin BAEIA0L & 45 W 40, Langmuir #5%(R? = 0.991) . Freundlich K57 (R? = 0.942) 55 754 52 4k
P, X R WIBE AP A A AR S SR ST O PR B, IR HL 2 R IR

3.6. RHIHIE S i

K ESEH UL RS (1 SEM B 5] 6 Bz, WT W RIR RS B 58k Rl A 17— e LA KN A 4R 4L,
e i ORGSR 5e i W i 1 L2 AN AR PR 2 AR S M UKL, 3358 B 5k J A 5 R B 3 A0S 2R
Fek R L.

(a) ESP (b) FEESP

Figure 6. SEM images of ESP and FEESP
[ 6. BEEMHUMAEIFH SEM Bk
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Figure 7. XRD images of ESP and FeESP
E 7. BEFHIMRIER XRD B
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Figure 8. FT-IR images of ESP and FeESP
8. BEZHMATEH FT-IR EliE
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G R R .
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RN EZ =R
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Freundlich BRI {3 A BE iy, (HEERF & Langmuir A7
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