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Abstract

The compound materials (nZVI@ PC) were prepared by using porousceramsite (PC) as a carrier
and nano zero valent iron (nZVI) as modifier. The phosphorus removal efficiency of porous ce-
ramic supported nZVI was studied, using waste water containing phosphorus as the target adsor-
bate. Through the static adsorption experiment, it was found that the pseudo-second-order Kkinetic
equation can better describe the adsorption process of phosphorus in the solution using nZVI@ PC.
The effects of the column height (filling rate), concentration of initial solution, pH of solution were
investigated on the dynamic adsorption test of cylindrical experiment. The results showed that the
removal rate was the best, it was 86.74% when reaction time was 90 min, the column height (fill-
ing rate) was 13 cm at a constant pH and initial concentration. The phosphorus removal rate was
94.21% when reaction time was 65 min, the initial concentration was 10 mg-L-1 at a constant
column height (filling rate) and pH. The phosphorus removal rate was 95.7% (the highest value)
when the pH was 4 roughly, the column height (filling rate) and the initial concentration in the
same conditions. X-ray diffraction (XRD), Scanning electron microscope (SEM) and Energy disper-
sive spectrometer (EDS) were used to analyze for each stage of ceramsite, the consequence
showed that the adsorption and dephosphorization of the two Kkinds of ceramsite (PC and nZVI@
PC) were mainly, phosphate in aqueous solutions and the active component of Si and Fe in the
material underwent ligand exchange, also containing physical adsorption and chemical precipita-
tion.
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BOKGITBBEPBRORASE. SRROSIERMRE, BRTERCERR). WHEERNKRE. &
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1. 5|

HRPKRIEZ, RAZER, KA E TR BB ™ 8, SRR IR, B 5s
KRR CL SO AN AT G %, BT LLKAR R B R A RN [ A R R ok PR )2 —[1]. K
R E IR RSB R 22 B, KM s R AR RS R R AR A A A B (0 [R] IS R 2 i ST A v A e, A
VEAETGRAEFHE AT W70 TP DA St R - i R ) 2R AR W 2% B3 2> A 1991 4RI 379
(WRBIR TG KI82) » BRI EK P R#ETR[2]. w5, T zis MERBEE 2
AACEVTERRTE[3] . APIBRBE4]. SR EYIRRTE EB-PR [5]. A LIRHLBRBE[2]. 45 Sh BRI 3 1R P B i
S, M stk R Rl S SR R ek IO RS TIE K BRI6] [7]. (HIXEERBEROR AL
H7S R RAEL R —, OARROR, A RVEM 1 ELE I iR BR A & S K TS 3¢, SRR 2R 234
Birh — RT3

Rk, S30E MRS R R HA R BA 0 EE N R . T2 fLRRLIE R R 1 XA 3k R
MORAGHAEL, EREM IR SRR WA ARRNE, FEPEL R 5 R BRI PE o X EE
HABREE %, AEVREREE G M T ITE oK) B BRSO, T2 SRR R, AR
WE, HOKERER, 2P ERERASIKIGI: 4IERBER 5 % 2 m A R R k. 24
BakL B R E LB IR s B e B =Rk, B mR R IR R T H A
e HAERES. ERERE. FRSEIFEMREIR A . SAMRREES), A, RmEMAL, WAL
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A SE

MPIEAEHE, AR, BEARBIRIE T, EHAAEGK. MKh&E—EM CaO. ALO; il Fe,05
&, CaO XA UTIESEH, Al,O3 Ml Fe,05 A MU HE 71[8] [9]. VLIFFEEE[101HI H LUK A A 2y 3 22 J5 ok
) £ A A D B A SR AL BRI T AR TR K . SRR IRBNAHISAT ], COD. AN LB FE 4
N 85.47%. 66.95%. TEAFEHITIEN 1.25 he SKEH 4.0 564 T, COD ZFRE ik 95.020%; 415 B i
ZEK 2 1.5 h, SUKEHE N 2.0, JEK pH (EHZE 8~9 i, &AM EFREATIA K= H 79.02%.

GO BN RN RAR IR I L R AN, B MER &, fenm b E SR A
LG5 G, 2 FLBRRLRI R AN BT T 1) 25 B A BOR [11] [12] o A2 X T4k RAN 8k B B AFERETE,
Ro A E AR, WS TS Y iR E AR D, FE BB S RB A Rk R e, S EOd
TSR 2R K, ZALMRE B M EBREAN R, 1M 2L R KA FE 72 DL 2 LA R 3k T
Hil & — P = ORI R S AR, A SRR, m . 5 mESER si[13] [14].

JE I B LR S R T B R R AN B S R IR K, SR L BRE, XS fE R /MR BN T
KIAE R FH B T AT RS T T o AW SCIRF T B As s TR0 2 FLA RS B K b BB AR 5T, R H—
PR fEfRI B, TTRERRL, SREIMRERITTIE, B HERRE . DBERelr, MM HSRIE SME, I
S AR SR BB 5 TR R 4 R R 98

2. I
2.1. ZFFRITRALTE

BESOH SRR (PC)SN AL, WIS AL 2 R T, KURES 8~14 H, LI K
T a5% (VIV). FE AR T 5 BHRRTRM A, TR R ISR, AR HIRL T
TR AR 5B RARAT o S0P 1A R S0 Fa% 5 R34 B 1 moliL i EERR(AR
L)L S 24 h R RO T B I AT  E, 7EROHR 65C TR,
LR

2.2. ZELIMRLTIARFNRAIHIF

FREX 2.78 g ) FeSO47H,0 (AR ¥ [E 2545 ) T 100 ml FIBERR e, AN 287K, WEHEMR )G 2%
7E 100 ml 25, BITC B A 0.1 mol/l FIRRIR T2k - 4% 25 mmol/g f EL 45l (n(Fe?*)/W B ki) 100 g
TR AR . % 100 mL 1 mol/L KBH, (AR g [E 25 )5, fERSRY Ficd: L h, 25
B0 R BIEW, HH CREBES, R nZVI 1 RRBE B S TR A (XMTA-808, T JH 17 HETE A 2%
HIRAT)65C T 24 h, SRE A ERAES - 2R LLFEREI LLG) & %, 4% 2 88 2 A M EHnZVI@
PC).

2.3. S FRIE
AR DU O C EEE I E TR R B BERR 1, SR AR AM (W] L) 73 66 FETH(UV 5100B i Tetir i A
FRAF), A 10 mm LA 700 nm KA 2 W6, R bRk H 2645 2 K R B r) & &, FriEih 4
N: y=0.04311x+0.01368 , R?=0.99046 . KK R E MR ITH
i~|:|3/%$(77):(C0 _Ce)/co *x100% @
KA, Co MBIV S, mglLs Ce 9 Rk 21 T4 i W B0 5 (R B, mg/Ls AR 2%

%, %.
L AL FE R . TR B M BRI RS R K AP B BER K E S8R, K
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B %

X A154r Hri (XRD)D8-Advance 77 [ A& 75 AXS ARRA T, i HE 7 2 ME(SU8010 HAH.
(Hitachi)i#£4T SEM il EDS 4347 .

2.4. REmIRAE

FE S AE PR IR AT T S BRI - B A ] 46 B A oK FE A BR A ity WA 23R FH A L A B o AXS IR A
] (Bruke AXS GmbH)4: 7 ) D8 ADVANCE 3 K X S Z-AiT 5% 47 XRD 4341, & FLE 4 40 kV, LA CuKa
NEESHIR, BTN 40 mA, F#PEK 0.2°s, IR 5~40°. FOMEE MR H A P A AT
JEM-2010 AY3% 5 L WA (TEM)E S Fo - R0 7 A, s ey 200 kV, 20415 42K A Nicolet5700
(5 [ #h e 4 ) 1 B 2T AR (FT-IR) U5

2.5. BRTSRBHALE

X nZVI@ PC K S ZEAH R 25 PR T 502 Bl PR /K AR 3, R HH R B 1 BB A A1 nZVI@ PC {#3))
SR8 . 76 250 m L HEFIH A OSR]I &R 0.1 g MBI, FE¥4 100 mL {9 10 mg/L FIRERR £h VAT
IONFr, FEIER BB pH T, KRS O 5 0 RN — eI 18] 24 i SEIA BRI I [A] I AEE TR
A A O 2 B — e B R3S WIF A 0.45 um B8R g AT ik B8, PR IR 2.6 WEER AR (1IN e O VA B R £
IR BE AT 5 o 7 I HP TR 3k~ A O Bt e R 1 B A 2 00R

q. = (Co -C, )V/W 2

P Co——RRWIIABARIE, mg/L;
QI R P A, molg:
Co— R PfT-T- i I W B2, mg/Ls
W M B 70 o g
V—BEE R AR, Lo

2.6. EHASIRMERLE

M nZVI@ PC B E WK, it 22 B3R U B AL FE AU . S AR 25 1 & IR g AT AN [ 2%
PROEER S BB K IWILEIRE . V) pH)RAREE, R 5B S R K SR e A B A%, DA R
Xif 22 FLPRRL 57 B A0 KA A HE 5 B IR K RS . SR F f AR vk, WAL T = AR R IR .

1) HE/KAEER 30 mg/L, ¥ pH =3.26, WHE T =/MEmOHEAR) 778 10 cm. 13 em. 17 cm;

2) HAFEEEER)N 13 em. BWA pH = 3.26, #EKHKE 45128 10 mg/L. 30 mg/L. 50 mg/L;

3) A EEEFEE) N 13 cm, HEKIKE A 30 mg/L, pH Jy 2.21. 3.26 (77K PH). 4.31. 6.07. 8.16.

K (15 B A RIVR FE AN A pH VR A B 17K e 3 il e BRI N R AT, 43 3l AAS ) R B 11
(AR S BUK, KRS IEE R 0.45 pm FIERE ATk 38, 4208 2.3 Hp g SRl 2 77 7.0 52 ik
55 K I BEIR B, SRS IRG 2% AR T SO i R X K VAR R ) R BR R AR IR A (L) T B AR R
AR 5 W B RIS I e b R A

SR B Sy N =Ry, KA TE R R SR DL R KT o SRB A SR B A ML A R
£ 20 cm, R4 cm BEJE 3 mm; WEHEAR B 2 ANECREC(E R Egm 5 KR 24 3), R K T (Gh s
A1) 6 cm. 16 cm, BB RIS AR F (R FRIC A 4) . SLIGAERAS 7RI 2 om 2 A AT 9Emb, ik,
SRR ER, 37K B H KR )P e e A RV URE A Sk R R T e, SR B R Bk, ik
KRR KA E A 1 PR, SRRRELE 2.
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Figure 1. Schematic diagram of dynamic adsorption column experimental setup
E 1. shiSRpEstie R E EE

g5 \ AR
PCTALE nZVI@PCIHI # e TR B B )

WIS L LT 2 AT
CRERRE R R ELA 4 )

Figure 2. Test flow chart
E 2. IeRiEE

3. BRAT5Tie
3.1. BSWMEhEMR

N TRV nZVI@ PC WM BRBE I REIZ) 115, RS 2.5 TSR HRIRH 77%, BoE BE
RIEEMR Sy 10 mo/L, WRBFRIEA 1 g/L, WRFAT NN 1 h, RIS R AR 10 min BC— 0 IR
SE KR P R, R B 25 2 e s ST TR AR Ak ey i 2 1) 3, e BRI, 7R S B[ HT 100 min Py, R BT
MG PEAT, B RN, BERRAR S 1R B 25 B 1k B A

O — 25 71 R Ry — G4 3 71 A BRI B s AT LA, Dh— 23l 12 07 iR R =X (3) fm s

In(qg, —q,)=Ing, —kit (3)

A t——BFTE], min;

ki——h—E B 1 E W AR EL, 1Umin;

ot 2R A=, molg:

Qe—— P I IR BT 25 &, malg.

P28 1R S AR SR 18] € A0 In (g, — ) AR hALRR, 15 B EI(E 4), d B L RIRZAERR
73 A SV B T R kg 5 B PETRB A E qe

th =205 3% D7 BN (4) s«

t 1 t

— = (4)
qt kzqe qe

A t——MEE, min;
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Figure 3. Kinetic curves of phosphorus removal by nZVI@ PC adsorption
& 3.nzZVI@ PC IR MipR T 1 iisk

ko——Ph =3 1 S B 2 2L, (9/mg-min);

ot BT IR 25 &, molgs

qe—— P B (MR B 25 B, mglg.

Dy RN IR BIBA Ut B LUg Aok ALK, (USRI 5), e BRI AR 5 5118
BUFS P 25 5 g SRR T B koo FRASIRIG BN 122 L5 AN A B — L3N S R 3 7 AR
MZHILE 1.

MF L R FTAI BN J1 5 SO UG e BRI R 0 A5 R P 2 B 1) S 360 M o AL B D — .
B A, 13RI 2 MR O R B R? 405 0.8536 A1 0.9912. th 2R J1%4 1) R K TFAh— 23 /)
R, RN, K SER R A D R Eh AR AL BT TS B PR B (12,349 mg/g) BE FET S B
SR B 5 (10 ma/g), TR T DA A ER T M o B ok e R 5 5 A Dy Rl 3 AL . 2 R R R 2K
[15] 4B D1 5e [ 16195 Bt bR 1 3 7 2 0 ST AR A ARIAGS 18, PRI A A S e S R 750 0 Tl ) 8 A O B 5
BRACHIL 85% /A, IZARAE R BBl Sy A AR AT LARS 2 A4 R W B B B R B ) 2

3.2. HS(RTEER) B ERERI

FAHC B U (1) 30 mo/L FBERR Eh VA MR AE RGO Y, A ST pH, 4251k AH 5 em. 10 cm. 15 cm
(R B AT i 3R AT 20 A W PR, R PR i J 2 R v P 22 Rt I R, &K% 10 35, 50 65 90 4341 73 il
MK T 20 3 HURE, Al 0.45 um JEME I 38, HBUE &I P85 FKAEGER 1 mL) T 10 mL HELLEE . A
JE R 3.5, 3.6 (177 143 BIAN R (R A [ BURE 11 (B % 26 25 e, AN Rl i (H 7 2R ) o 1 1 8 1) 25 R g il
WL 6 B

R T pH. BERRER WA IR BEAH R 26 F T, 7 35~65 min I, 25 FL I L 57 2 (1 4R K kR i R
A EBRRCR 2R E T, RN 65 min B, AE(HEAE) N 10 cm, 13cm, 17 cm i, HKE 2 15
PN 75.14%, 80.34%, 82.46%, /K 3 HIERFRAS 7 78.02%, 83.74%, 83.68%: [V 90 min i,
FER(EFRZE) AN 10 cm, 13cm, 17 cm iy, HKT 2 I LERFR 35N 82.14%, 86.34%, 84.46%, Hi/KM
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Figure 4. Test results fit pseudo-first-order kinetics
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Figure 5. Test results fit pseudo-second-order kinetics

Bl 5 REERUEH RN NF

Table 1. Kinetic parameters of adsorption of phosphorus from spherical ceramic particles

F 1 KRR BRI W F S

h—%5)71% th—gish 1%
k1 (1/min) Qe (Mg/g) R? k, (g/mg.min) Qe (Mg/g) R?
ZH 6.03 x 102 120.01 0.8536 452 x107* 12.349 0.9912
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Figure 6. Effect of column height (filling rate) on phosphate removal rate

B 6. #E=(HEFER) M HEREL KRR AT

3 HIEERE 7N 82.02%, 86.74%, 84.68%. HIdEA IR Hrrl A, 1% MAE 90 min i, f Bk Fa
SE o RNAERI(HTEHR) N 17 om I, KERRACR L, HAS G RN, RV RORTEER)N 13 cm i,
MK 3 BURE, RBRACRAHIL, £% ERNR SRONAE R(HFER) N 13 em IR tE, £ERFEN 86.74%.

3.3. MItaRE X AR

FHTC B I B4 2 W00 B BEA5. 3] 10 mg/L. 30 mg/L. 50 mo/L KBRS Shvaw, A/ 13 cm HIFE:
EIGEAR), AEURERE pH, BT 0 ASWRRES, ) ek B R v 2SR Bk VAR, ERE 10, 35,
50. 65+ 90 43 #h 43 A K [T 20 3 BURE, FH 0.45 um BT IE, BUE & IG5 /K EEGES 1 mL) T 10 mL
HEWEE R, RGHRIE 2.4, 2.5 BJ7IERBIAS R EAS [RIORE D BB IR 28 bR 28,  ANRIBE IR 2R 1 IR B2
XoF B I Ak ) B R L ] 7 BT

HE 7 ArE AR RN RS, TR, BRI ER R MR BB R WS, B RRRE
MR BN THE, [ SAE 65 min I Bk BE N ASE K T LB R WA S B X 5], 10 mo/l BERR AW
K 243 B2 89 38 92.13%. 94.21%; 30 mg/l BERR ER VA, Hi/K 11 2. 3 (I EBRZ 735N 92.34%.,
83.31%; 50 mg/l BEEL ERVAT, K 2. 3 I LFREE 1IN 84.21%. 85.06%. TEMERE SRV N 10
mg/L B HH K 1 3 & i PR K 1) R B 8RB i o TR TR PT RS2 R SR ) U vk P T IR, B A AR A 22 FLIB AL IR
Bt T S H B BRAR 5 ks 2 TR R RIS R g, AT MR 36 T R A 22 A8k, B R AR [ e 7
WAL T s 3K A D] g 224 R 0 A A DR, A o 2 P W o ol oA A A5 B 5 W R 79) A 2 57 4 Je I A il
HKEH

3.4. FBEE pH XHAEBREARE

fic B S R 6 AV BB Dl 10 mo/L, ¥ M 13 em OAE B (GEFE ), 20 BV pH A 2.21, 3.26, 4.31,
6.07, 8.16, FI| kI B0 Fl i i 2 KRB IS VW, BB 104 35. 50, 65. 90 Zr%h4r A M HiZK 1 3 BUEE,
F 0.45 um JEMSEJE, BOE B I8 S KREGES 1 mL) T 10 m L B ZE @& T, AR5 3.5, 3.6 KI5
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Figure 7. Effect of phosphate concentration on phosphate removal rate
B 7. BERELIR S X RAER EL A PR R AR

A4S BN [ TR AS [FEURE 1 BERR £h 22, AEBERR 2R pH X BERR 2R (1 2B WL 8 BT

B 8 FIAN: BEERERMD pH X 2 FLMRARL 5 3 9K Bk AL B 5 B PR /K 1) 25 BR e eI & HE KT, BRUAAS
FIIRRIRTE T, Fe MAFAETE A —FE, IBAXTBERR SR LR SR HA M. pH <4 B, EEMEXT 8RR
R LB IHA T R A 50%~60%/ 47, pH 1E 4~6 JEHH PN % B RIEH] 80%~90%, 4 pH 7E 6~8 JEHH N
LR NG, ATRERKNTE pH 1RMKHS, HaPO, A& E Z B RL EEIAH, AN 5 W PRI B, 34 Tl A Pl bt
PRBEAE, W PR FRITE SRR T VA VR P R 0 T, RV E, SRS R BRI 8 . pH 2 4~6 IR MV ]
P, W 751 T A 1 PR R R Y 7 R B IR AR B8 IR 25 5 R AR BRI Fr G| ), FRMEREIRR 2R (H,PO, ,
HPO?" )& T B IR Sh A1 7], IS R R AR B 1765 /K T Y8 Mher 2 T 1) SR B4 P i, Fe®* 5 PO K
A EEDTE . 2 pH FEBRIE I 32 B POS R OH R A= 5 G B, S 25 Hbu 52 mi WS o 751 £ 29 T R i B % B ol
FEK A PR B ARG, ERI TG AR R e ol (PR B 3 X AR Rl T T e AR I LS, b e
MFER, ZBREFEFEK.
3.5. HmaHr

N T RE— AR SOV RIS R 4 1 BB R A R 22 FLIDRE 57 R R B B I BRI, MRS . TR
B RS RE S T — RA AT . A S AT R ERE PR AN R N (1, SR AT 2 i R 38 Tkl
X, WK 9 prs.
3.5.1. X BT (XRD) 71

Kl 10 R & MR XRD Bk, i SR S i o B8 et O FLS A W KA St R B, 0 B DR e WA
UFIIEE S, RRAY LSRR TE SUAZTE, SRR N SR A RUA B8, IR RIREERR 5/, SEkA B IR 5T
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Figure 8. Effect of phosphate pH on phosphorus removal rate

8. MAEREL pH MAEFRRMFIN

Figure 9. (a) Spherical ceramic particles used in the test; (b) Changed

B 9. (a) NI RATKEMEHL; (b) B /EMa

Relatively Intensity a.u.

RPN, N YO N

a-Z FLERL
b- itk g
- B B i M

i
N I S
I

Ao A

0 10 20 30 40

50 60

2 Theta/degree

Figure 10. XRD patterns of (a) PC; (b) nZVI @ PC; (c) after reaction
10. (a) ZFLBRAL; (b) FainZVI S FLBRRL; () RELEHI XRD &

70
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A SE

W2 SRR, BRIE T B EAT — e 1B . I b Al SRR R E AR a-Fe,05 il Fe0, df it
MR, TE 20 = 22.054 B HHILEME, DL a-Fe,05 N FE MM BUAK, SAEIEE K, Br b gy s,
W TR INN , Bk R T 7 IE L, A R & 1 R AR B8 0, R3NP 5 0 SRR AR 1 25 BR A .
H ¢ mTAN, RILAERTS M 20 = 23.15° HEL— B IRHIE I, X2 BN A4 (Fes(PO4)-8H,0) %t i
) 020 S I FT 5, X S AF 708 R IR S& A PO &5 Fe? Il i A= A il 0 42k s Uk PO 425 16 2 — B[ 18],
DASE R DR, BERRIR IO ERRNLE Y —, Y5 Fe? @it fbAyiigmi 5, TRIFEA KAENSMAL.
[FIIF, 7E 20 = 49.01° kb RIL—A 5506, 3X & FeHP,O7 X NI St AT 406, Rl fERZ nZVI 5 POT KA 4%
B IR

3.5.2. M (SEM) 54

Xof S T WA DA K% B iR B S S J AR B R EAT SEM 3 Wit S an 14 11 s ML BT BAW SR
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Table 2. The content of oxide of ceramsite, modified ceramsite and adsorption reaction ceramsite

=2 bR AR R MRS E NN S E

EReR ] Wi 51 (%) 1% Fe JG (%) W B S8 (%)

Fe,0; (Fe) 5.424 (3.79) 8.671 (6.065) 22.583 (15.795)
TiO, 0.850 0.594 1.637
cao 1527 1539 2.836
SiO, 75.412 73.423 54.326
Al,0; 15.218 15.153 15.564
Na,0 1.569 0.620 1771
P,0s / / 1.284
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Figure 11. (a) SEM photographs of the surface of (b) PC Nzvi@PC and (c) after reaction
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Figure 12. Phosphorus removal mechanism model of PC
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