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B OE:2MHEEARE, KRR RN ERAABEE L R TR BGRM, XRT S/
BAE(Zt/R - B) B R K Bk % 0.2 mmol/g, 0.4 mmol/g, 0.6 mmol/g, 0.8 mmol/g, 1.0 mmol/g,
1.2 mmol/ g i % 6y SR B M A, BF 50 T R IR B 18] A 46 R A pH 55 B o 72 R 4 O b i T8 1 R B 0
oy, I AR AL BEAT AT, 4R AR B G IR AR AL R F 425, Z1/R - B 4 0.8 mmol/g B
BB R AOR BT . B A T M= B3 g 5 A28, R F 1B K454 Langmuir B2 R W A 165
R, R EA 293 K &4 T, BARKAKE A 13.3 mg/g, pH #9735 KA TEE R, 0.1 mol/L
NaOH 44 F , 238 5 KGR A&, F A BOM I8 £ a3 5% 09 I 3 4% 18. 6% , SEM — EDS .pH #= XPS

SRR, BRI B A B R R,
KERIE 4 WA LB R B A
RE S ES X522

il =

BEH 22 5 BT AL SR, AR VR v Bl s 0 224 B
TG YRI5 )AL, X AN U T AR 2574, g N6
TR R, R AR N L Y
BRBAE 7 i R B A A T A U T R B
W LR B D LR AR R A ARG T A A A
RS

T R — il LS A O R A 1 R AR
£ TR E i 1 LA R — PO BB A R
-+, [ LA R 1 8 TSR A1 o KRN
P AR BT , SR I AN BILAEL, S 418 i WA A E 7, o

s HE#A:2018-03-12

MRS A

HAT I REAC MR B o SCHRIA I A B, 5% T ik i
L BREEC A —E 5T, H BT Fe Al Mg, Ca Hil
La et AR 22 T HL I RE AL 1T o, K A SR AL s
HAARE RS, JCHE e DL R R A Sy
BB — i ELE R . 2RSS ORI
TENL T 7RG PRSI L, BE Y T R PERE , (H
X HE A R B AL R AT R AR, IR, SR L3
1 50 1 U PR IS5 A i IR A, R B AR PR A
SN B I R I v, I 3 RSB I 9, S B
IVAE i EREr S et o=

ASSOR PR B ] 8 B A L, SR T X Bl 1Y
R S 1P AR P BB, O X 45 4 TR R BIL B R A 2 ik
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BT, 36— 2L AR 1 O 3o 2
1 MHE5F%

1.1 B

B} i £ J50REH Raw Bentonite) 1 [ 1 12X U
HeAb THRAHR,ICH R -B,

R OKRUEARR , SUE AN, B AU kR
PR A4 A 43 T 4t o 1 24 4 P A 2 R 2 m) A 7
K R BT K
1.2 WRPRFH &

FrEL10.0 ¢ R - B, & F 250 mL = MBS, 3E4K
YA 100 mL A [l e Ji 1 S S A v T, Hovh Zi/R -
B(n/wt) 585124 0.2 mmol/g,0.4 mmol/g,0.6 mmol/g,
0.8 mmol/g,1.0 mmol/g Fil 1.2 mmol/g,323 K FHit$EKR
76 h 5, Ze ik ek 323 KR T IE R AR 24 h B
JB b 120 ~200 H i 5, VE AW ) 45 F o Ze/R - B 2y
0.2 mmol/g, 0.4 mmol/g, 0.6 mmol/g, 0.8 mmol/g,
1.0 mmol/g#l 1.2 mmol/g "~ BT ifil #& By Wl B 751 43 51130
Zr,, =B, Z1,, —-B, 71, =B, 71, ~B,7r, , - B 1 Zr,, —-B.,
1.3 WM EI8

RSB G BETE I B R, T
SR B et g, -

(C, -CHV

g = ————

m

(1)

22 C, R C, 5330k W B R J VR B, me/ L VOl
AT, Lym Ry W BRI L L g

W B 28, % A 0. 1 mo/L NaOH 5§ 0. 1 mo/L HCI
AT pHo ARRRIRUEHA , LB S5 R Ry 00 pH =7. 05
M Ry %1 (293 K) 5 /KB HRZ8% 180 rpm,

1301 WRPFES ] (5 1)

500, 0 mL — 7 W EBE AR (5 mg/L, 10 mg/L
120 mg/L) F 500 mL BEARe A 1.0 g WZRH5|, 2 i
T (293 K) , FHl St e Bt P O, 3R 2.5 mL
78Sk R B T B B — PR B, JBURE B i S e v
WARBLS. 0% 5w bt g, -

%:Egﬂﬂ 2)

m
=€y F1C, 535 Ay WS RS RIS AT ¢ T 9 B 4 BE L mg/ L V
AR, Ly m W BRI BT g

1.3.2 WA BE R0

FRILO. 1 g WERHH] T 50 mL g0 b, 15 25.0 mL
ANTR) e E AR (S mg/L ~ 100 mg/L) {54957, TE
TR KB PR G M 12 h 5, B0 4 8, B R T
TR, T 7 W P W98 32 0 - R
1.3.3  pH 52

P EAF 10.0 mg/ L (B, F 0. 1 mol/L NaOH
5% 0. 1 mol/L HCl #&7 pH % 3.0 ~9.0, 711 25. 0 mL A
6] pH M7 50 mL 2RO A 0. 1 g WRFfHFH), =
TR T IR SN 12 b, 2500 J B 1 238 W, D 7 A R e &
pH FIE 5
1.3.4 WRRHSRA=

L NaOH AR 5], P58 AR 2 (0. 01 mol/ 1L, 0. 05
mol/L,0. 1 mol/L 1 0.5 mol/L) S fift W 2% 11 5 i 1 5
UCRRA: Tl (4 082 R RE

FRIR 0. 1 g WERE )T 50 mL B0 e, 5 25.0 mL
10. 0 mg /L (5 T IE TR G K VA B v, 4135 W B 12
hJ5 B0 S I E 2 VRO S R B R RO
BLOJE A 25. 0 mL A, SRR & 0 12 h 5,
O JE B 2O E W TR A I R TRFR L
RERAE,UE S YT S B RE
1.4 HRIRIAE

AR R T A 6 5w A ) S4 Explorer 7 X Gf2k2¢
TOCTEANE AR EEAR AT R A5 HIR T H AL
JSM —7500F #1437 % St it ¥ @ 1 5% (SEM)) 0 ] 2 4 X -
MAX # X SR T-RERG ST (EDS ) WU FI AT s R L
HEFR BRI R IR A 6 50 2 ) D2 phaser %1 X SPEATTRT
SIBTICINAE X SO GHLF-REIE 00T (XPS) SR IS EIFEBR €
A7) Escalab 250Xi 74 X SR HLFRERE(GNE .

2 X 5%

2.1 Zr Fhng 3wk B i 5 0

Zr VS IR XT B B B ) B Ze 5 AR R AN 1B
o HHIEL L AT, B EOME IS R i R 4R
5, FLBEE Ze USRI, B SRR Ze B AR AL R
AL, —E WK E T, 6% Z0/R - B 5 0.2 mmol/g
HEIMZE 0. 6 mmol/g i, Zr 55 13 i W fak , B9 R o 4 Pk
G, AR SR I Ze BRINEE, Ze 3 SIS B S 0 B
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BAZ,F B AR IE LXK P AR R W A B AT R 9

RGNS, 25 Zo/R - B #ad 0. 8 mmol/g i, W B} i
S TR R — i R B B B T AR R A
B, 24 Zr JH#5 0. 8 mmol/g Iif, Zr 7ERZH 1 b AYSLHE
T, B IERIPEOY L, B #E 0. 8 mmol/g Ny H 4%
7, F45 Zro s = B AR NS ST R o

3.0

2.5 1

2.0 A

1.0 4

Phosphate capacity/(mg/g)
Zr content/%

0.5 4

0.0 1=K

0.0 0.2 0.4 0.6 0.8 1.0 1.2

Zr dosage/ (mmol/g)

B Zr SRR MR

2.2 i
R - B il Zr, , - B ) X HZ06- A&/ (XRD)

PR 2 R B 2 WAL R - B g S5
AT e, 2 T - R R MR sk
JE A 52 T AT o5k T W) 86 43 0F 07 S5 g (001 ) TG 73
W20 B B AR A, 2 8l 6,75 /N
4,72, FHTT I (dyo, ) L. 31 nm3EANE] 1. 87 nm, W]
B R JS  BET I )2 ), RN L B 2
f:Ee

d yp; =1.87 nm

Intensity/a.u.
N
=
i S
=
|
=

10 20 30 40 50
20/°

E2 R-B#Zr,,-B ki XRD &M@

B3 4000 R -B((a)5 kx; (b)10 kx) fl Zr, , - B
((¢)5 kx;(d) 10 kx) ¥y SEM &, HIE 3 AIH1L,R - B
YR, R0 R EHR RS . ) 2y, -
B AR )2 A5 F R & A B AR Ak {E % T AR R
PRI /N R X FE AR AL RE — R B2 3G i
BRI LR T AR, A R TR B AT

E3 R-B#Zr,, -B# SEME

2.3 MR BBt E] Y 22 I

A TRDRT W AP RE A S G ] 4 Bz, BT 4 T,
Zro s =B XIBEAIMBIZIT T DR B 2 PR AR -6 —
AN JERITE T IR IR B AR A B2 A B, B
A TR RO R T T 40, S 3 1 L e T
i, WIMAUEIE S mg/L,10 mg/L #1120 mg/L T, MR 3 57
120 min, 180 min #1240 min FHEIAEF-HF, HAFHEIHHE 4.,
BTG, 7351H0. 92 me/ g, 1. 83 me/g F13.84 mg/g,

Ryl — 2B R AR A R 43 500 R AU — 2R 8l ) 2
PTR80S B A T, 45 S
Bl 4 iR SR 1,

kit
log(q, —q,) = logq, - 5303 (3)
¢ 1 t
— = +— (4)
a9 kg o q.

iz g, (mg/g) 715 0% B4 ¢ (min ) Sy W B BsF i 5
q,(mg/g) Hy ¢ FR R it s &, (1/min) (K, (g/ (mg + min)
Oy 5 B SR R

M 5 R B0 R T 0, AR L T 8L — G Bl g 2 R
(R >0.91) B =ZahJi# (R* > 0.97) REHIFXH
BRPSCHREA THDL 45, 33 382 HH W 17 Lo A5 B fh 2 W B 1t
Gb, i3 2 AT RIHR VR S mg/g, 10 mg/g F120 mg/g
I AU RN 1A A B B 53590k 0. 95 mg/ g,
2.08 mg/gfll 4. 31 mg/g, UL T LI q,,, , A FEL
ky 4% 51 4 0.1446 g/(mg - min ), 0.0345 g/(mg-min) F
0.0076 g/ (mg-min) , X FILEMUE KA T, Zry s - B XF
AP W o R AR, i B PRk 8 BT f
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7 2 200
B Smgl " Smgl " Smgl

6 ® 10mg/l ® 10mylL 160 ® 10mg/l

S A 20men ! N A 20mgl A 20mgl

: P - - = Pseudo first-order ., M === Pseudo second-order
4 A a . o] u NY . ) 120 ¥
< A 7 w @ SN 5 L]
23 A = B e ~ A = 0 7 e
= N T e T~ . .

= | N ~_A & A
2] A 40 e o ° NS 7 e e
»® N 40 o, aT
1 # amE = = = -2 S, ~e N - x-
ole @) n a M 014 ©
3 . . . . . . .
0 100 200 300 400 500 0 50 100 150 200 250 300 0 50 100 150 200 250 300 350
Vmin /min /
t/min
B4 BfEXRE R M A R A A0 3 ) E A B2k
s spe 1/
2.4 %A TR BE X Rl AR BT A9 2 M q. = K,.C.” (6)

Oy 2 VA Tl 1) W R 75 e, A SO — RE IR T
R BN [ B 1 0, 224 O Rk 81 AR 28, 225 T WG o <5
T, RV o6~ A e 8 R 67 e o ) 5C Rt 20 SR
Langmuir $7 ( 24 5) Fl Freundlich 1% (5 6) ™ %}

e g, S AT me/ g5 g, o W BRHERLRITERT 119 38
R, mg/g5 C, SRR P Hr vk, mg/Ls K, Ay
Langmuir 22 %%, L/mg; K, Fl n & Freundlich M 4 %A1
5L A S A4 T A A RHIE R

W BT RS e AT AR RS SR LIRS A 2,
KL C,
g = R Al (5)
" 1 +K,C,
x1 BEMIINESH
P—H B 1% ) Iy
Co/ (mg/L) : : 4o’ (/)
ky/(min™) q./(mg/g) R? ky/(g/(mg + min) ) q./(mg/g) R?
5 0. 0421 0. 80 0.915 0. 1446 0.95 0.991 0.92
10 0. 0302 1.59 0. 965 0. 0345 2.08 0.985 1.88
20 0. 0276 5.23 0.936 0. 0076 4.31 0.972 3.84
20 20
B 293K B 203K
® 303K ® 303K
7 a 331 161 a 33k
Langmuir Fit == -Freundlich Fit o
% 112 A gg 112 1 "5i'~:’:’ j'.x.".
g P
& 4 | ER. :-,:2’/ i
il
4 44 %
() e o)
a )
Y N —
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Cel(mg/L) Cel(mg/L)
(a)Langmuir (b)Freundlich
5 BYRMIERLZ
F2 WMHWEREMNSESH
Langmuir Freundlich
(K)
K,/ (L/mg) Gmar’ (ME/8) R K/ (mg/g) n R
293 0. 105 13.3 0.978 2.408 2.457 0. 876
303 0. 107 13.9 0.976 2.512 2.434 0. 882
313 0.115 14.3 0.984 2. 692 2. 465 0. 884
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Hil&] S F 2 AT, SR A Langmuir #5800 08 B4
AL BT AR G R EL(R® >0. 97) B g 5 F Freundl-
ich 581 (R* >0.87) , W] Zr,  — B Xl 1 0 B 32 20 02
AR FE . WS 293 K,303 K F1313 K 44T, th
Langmuir 14 51 48] & Br 45 (19 5 KW B & (g, ) 20900 R
13.3 mg/g,13.9 mg/g fil 14.3 mg/g, KW, T A
BYFW W Bt o[BSk 1 b i R
LR REW AR (22 3) , A BT (A R B AR

# 3 WEMRMIERERT L

Absorbent q ma/ (mg/g)
Fe Pt g -1 11.15
Fe/ Al Kk £ 1) 10.5
La( 1IT) etk i - 11 14.0
e e A g - 12 5.7
La/ Al R #5128 13.02
Zros —B 13.3

2.5 % pH XTREIR B Y 200

Bl 6 A g tE pH(4. 0 ~9. 0) PREE T i F- 5 1 fff
A LT pH A fE 2. Hi T 6 R, MR PR A1
AFIT R ILI , B pH AT , DR BRI T
FERg RS, 500G pH =9. 0 I, I B 4L pH =4 I F R
149.7% . BLSh,pH =4.0 ~9.0 B, W25 5( pH A1 EE
FToIth pH A A FERR IS, H90th pH=7. 0 i,
SE TR EEAS /N, 8 pH 23T T 0.7,0.4 F10. 2,

3.5 12

VzAa,
3.0 —e—FinalpH | 11

2.51
r 10

2.04

1=
i %Z% "

phosphate capacity/(mg/g)
Final pH

0.0 %

7 8 9

i s
Initial pH
B 6 pH IR B IR0
SCHERARIE , AR pH 2508 T, B IR IR 22X DL H,PO,
HPO; Fil PO} (pK, =2.15,pK, =7.20 FI pK, =12.33)
MR RAEAE™ o AEASCHY pH L E P, pH =4.0 ~ 7.2
PR AR 22 L H,PO, 774E;pH =7.2 ~9.0, L HPO;
M A7, 455 2 md pH 9 T B4, ) DL

H,PO,; il HPO ¥£ Zr,, — B 1= 1 W B LA I 14 52 48 AL
B R

Zr - OH + H,PO, <>Zr(H,P0,) + OH"

27r — OH + HPO; «<>Zr, (HPO, ) +20H"

MW pH T, A OH ™ 3 B2 3% i, -
F1] 2 A% B, 33 AN T W82 B 18 SR AT, 3 SR T 6 1 D /0
IR, W Ao R v, MRS 7400 I 1 s e 1T P2 0k ( - OHL) i i
R ARAE 4, OH ™ B B Tl 3 0 VR o, 8 75 W B 28 55 pHL T
o
2.6 WRHFIBE

MBS 0] A 1 RS WA B 0] F) S5 s I P 28 e R B, A
SCLA NaOH ¥380Ch FRAE 5], 98 NaOH ¥ 35 % B A Wik %
FAIRZ IR A S YA 5 W 1 W R RE L 45 R L3R 4 AR 7.

F4 BEFBERESN
FiZEIRA R %

0. 01 mol/L NaOH 50.8

0. 05 mol/L. NaOH 76.6
0. 1 mol/L. NaOH 88.4

0.5 mol/L NaOH 90. 8

3.0

2.5 A1

2.0 A

phosphate capacity/(mg/g)
O

0.5 1

0.0

| 2 s 5
Cycle number
E7 5XxBEBRME

Hi 2% 4 W] A1, NaOH 3 B Tt i A R T 85 i W, 24
NaOH ¥ FF < 0.1 mol/L B, i fift W% % 38 i 0 4., M
50. 8% K4 % 76. 6% F1 88. 4% ., i 241 NaOH ¥ & 1%
JNZE 0.5 mol/L i, BRI 3% I e BE 22 /I8 AR LT 0. 1
mol/ L I, M AN 1 2. 4% o X J2 i T NaOH ¥R &
BN AE AR F e OH ™ 4R B T w0 s P o) ol it W 7
a1 RS 2y , AN 1 110 R 6 5 LAl 1) R B — gk IR e — ol 2l
T, G OH ™IR35 W, Wi 1 IR BFE — At I 3k 21
AP, 25 OH ™ Xl At W 48 B RO AN J 3%, TR e e B
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0. 1 mol/L JyFAE e i

2L 0. 1 mol/L NaOH Ry fiAE R, 28 5 WL F A5,
R B b 18. 6% , W3 48 2 I - A L i
CX VP
2.7 WRHIHLIE

it — IR Zr, o - B XFBER LI, SR ] SEM
- EDS F1 XPS it Zr, , — B R i (0 52 B 50 ( 2y g —

Sopm

B - P) A AR A
2.7.1 SEM -EDS 4}¥7

8 4y Zr, s — B ~ P ) SEM — EDS [#( (a) SEM; (b)
ZrJLHE; ()P ILK) o HIE 8 AIHI, Zr, s - B 0B
AN Zr A1 P IUR, RWUEIG, Zr - OH ) 7t
BAER - B b, BB T Zr, s - B,

E8 Zr,, -B-P# SEM-EDS E

2.7.2 XPS 73#fr

&9 K Zry s — B Fl Zryy — B — P (1) XPS %4 53
XPSPEAKAT #{FAL4 FTs i i . FEH 181 9 () & Zng
—B Al Zry s - B - P By Zr 3d 4, d1 & 9 B0, Bl 0 B
JE 7 3d 454 REAR R, X il TR 2 I R ( -
OH) BB RAMR /M U, FER B T R (Zr - 0 - P)
MM T H(2. 1), P(2.19) HA B @& g G k> Y
B BRI, R ( - OHD) B AR AR, (375 Zr 1B 17 35
BEAS /N, ST Ze IZE SRR, RN, tUIE ] T B
Zr, s — B FIWLBR AL B

Zr 3d 0
(a) Zr3d n 182,04
184.39 :

-B

T —

AT, | - -

Zr3d S
182.25

Intenxity/a.u.

Zr3d
31

188 186 184 182 180 178

Binding energy /eV

B 9(b)NZr,, - B Ml Zr,, —B —P [y Ols [Ei%,01s
IR A3 AL (07) (FR3E (- OH) R B K (H,0)
W, AR Zry o - B R EA —E R -OH) . N
XPSPEAK4D BRAHU S (3 5) al A0, 8 Bt ), 1R fs
FIrPRREE( - OH) Br (5 T AR 42. 4% ik 28 32. 5% , 3
IR Je 2 (- OH) /b i il T IR M A, 32
H( - OH) 58 MR (H,PO, & 5 HPOY ) #E4T T 25 #k,
BRI RN, X A SO IR 2 8 pH B TR BE G
MIRIUE . ML PO SE SRAE s — S5 AR SA I i st
e R s R A A AR

Intenxity/a.u.

535 534 533 532 531 530 529 528 527

Binding energy /eV

B9 WMiET/ER XPS Bk
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x5 Zr,s -BF1Zr, s —-B-P ) Ols IEHIE

Samples Chemical Binding Percentage
states Energy /eV /%

0% 530. 48 34.7
Zrys — B -OH 531.47 42.4
H,0 532. 61 22.9
0* 530. 62 43.4
Zry g -B-P - OH 531.56 32.5
H,0 532.58 24.0

L% LR, B RE TN b X F O B A
BiF, 5 B THT ) PR 6 ( — OML) i 1) S S AR T, B2 ff 3o AR o
H,PO; = HPO; 5323 ( - OH) K4k 5, OH ™ BBk
BT, BB 30 s A S o S

(1) W i 2 0 0k B3 () W B 6 ) W & 42 T, —
FEBEGIN Zoe 5995 02 A7 1) 38 gty W B, 524 Zr =
0.8 mmol/g FF#fE:,

(2) etk Ja , I 2 [ BE dy, 3K 0.55 nm, 11
I A R AE A, FR TS D HLRS

(3) B AR N 18 0T Wl 7y W2 o 2 bR g o 2
2 W BRI 5 1 4657 1) 3k A, A5 5 400 — R gl g 2 Y, i
B AE IR Z AT 15 Langmuir W B

(4) —E 0 B P38 NaOH ik BE A F) T 0l 19 i 0%
21 0. 1 mol/L NaOH M pirE i), 4 5 IFHE I, B W bt
HNRE T O18.6% , 3 WAk AT 4 I 0 A B 0 4R
EJ1.

(5)SEM — EDS .pH F1 XPS 43 #7#8 , # £ Zr — OH
PR b A W R A A R, HOR (- OH) 2k
HRVE R, W BRI A B (A5 46
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Adsorption and Regeneration of Phosphate in Aqueous Solution on
Zirconium Pillared Bentonite

QIAN Cheng", LIU Xingyong® , YANG Hu", CAO Hongyan'
(a. Analysis and Test Center; b. Institute of Chemical Engineering, Sichuan University of Science & Engineering,

Zigong 643000, China)

Abstract: The zirconium modified bentonite was prepared through impregnation method successfully at different Zr/R-B
0of0.2,0.4,0.6,0.8, 1.0, 1.2 mmol/g and used for the removal of phosphate from aqueous solution. In batch experi-
ments, the influence of contact time, initial phosphate concentrations, and pH value on the adsorption property and adsorp-
tion mechanism were investigated in detail. Results showed that the adsorption property was promoted after modification, and
a better adsorption capacity was obtained at Zr/R-B =0. 8 mmol/g. Adsorption kinetics followed the pseudo-second-order
model, the adsorption isotherm could be well described by the Langmuir adsorption model with a maximum phosphate adsorp-
tion capacity of 13.3 mg P/g at 293K, indicated that the phosphate adsorption onto hydroxy-zirconium modified bentonites
should be chemical adsorption. pH study showed that the increase of pH value was unfavourable for the adsorption. The
adsorption capacity of the zirconium modified bentonites showed a loss of 18. 6% after five cycles of adsorption-desorption
studies by using 0. 1 mol/L NaOH as the desorption reagent. The phosphate adsorption mechanism was investigated by the of
SEM-EDS, XPS and pH, which suggested that the ligand-exchange process between hydroxyl group (-OH) and phosphate.

Key words; zirconium; bentonite; phosphate; adsorption; regeneration





