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% E: DREGFEBEPAC) TR R AR B E N R R, B KRR T EH WA, AR
HAT R EE KR ELBN BERMR . SREY.: ESEHRHBETRZ-ERE-KR R0, SRR
n(Si02)/n(ALO3)=2 B}, =Y TE R A B0 s 4508k n(Si0,)/n(AL03)=6 B, F=YI¥IAH A 25 1 58 BE (1)
P AT . LS S R AR B A R A 2T, AP 4 BN 97.09. 12,39 mg/g, P RUEEA
Sf Zn?t. CA*HEATIR I B4 I8 57.84. 10.82 mg/g. Freundlich WM RIS 4 R EH, A BUuha A0 p AL
AR Zn®" . CA*HLERSS ARSI T 0 B A4 BB o 24K pH A 8+ W FHELEE My 25 °C WRBHES 1] 24 150 min H,
KA B A AN ERERR IR K, PR 1.1 g/L, KT Cu*. PbYL Zn®t. Y. EH(As) IR S B 1.68.
13.12. 147.00. 15.14. 4.06 mg/L (%% 0.06. 0.05. 0.52. 0.03. 0.01 mg/L, EF (. S5 deWHiriE) (GB

25466—2010).
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K FINE 48 Pb. Cdv As HEBUR 23 HIIEF] 52.9 t.
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[SiOLF[AIO) VY Thi 4 L 28R #4120 7 dl A
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TRt WS TR, K ELSBEAMRRNE
[E3V €

FRA R IR S AR K (Cas ALOg) M 80 - 1
MR R A FAEEPAC) AR & & DL BRFE I, 4
MRS R B FAR ANV D R 208 SR BCM P Tl ]
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Table 1  Main chemical components of CALR (mass
fraction, %)

Si (6] Al Ti Ca Fe Mg Cl

2820 3931 1240 445 539 211 053 647

1.2 ZWHE

A AT IR ) R L 5:1(mL:g) KA
iz B IR — @ R FE ERRRIE M, 1E 85 'C F I
16 3h, iLUEEHGIEHELE 800 CRESEE 2 h, R4
HIORAA, 3 F1 AT SR 4A (Acidification zeolite precursor,
81’5~ AZP).

AT 4% s HRE EL 5:1(mL:g) ¥ AZP IIAF]—
E WP S A, I —E W n(Si0y)/
n(ALOYMINFRIREN, HEFEIS), £ 50 CTRBRAL2 h
JE R B N TR T AL, £ 100 C R gh L — g I
(6] J S LT 15 2 4

MR : F%— s VR I BE (mL:g) B3k A 0 N BRIk
JEAKH, AR 2 Frdl. £ 25 C. IRGIEEN
100 r/min R, WA —E i A i g, WiE R K
Cu®. Pb™. Zn*". Cd*. As; T H.
=2 EHAMEAKKE

Table 2 Water quality of zinc metallurgical wastewater

p(Zn®)  p(Cd*)  p(Cu™)  p(Pb*)  p(Asy)/
(mgL™") (mgL") (mgL") (mgL"') (mgL’)
328 147.00 15.14 1.68 13.12 4.06

R RIR H V1) 45 o N L IR R PR K ) Ak 3
WARWHE 1 Fras.

1.3 S5

FH X &6 (XRE, S4PIONEER)Z 71 J5
B ICZ R s K H X ZATHHM(XRD, Rigaku D/max—
TTR D) FE IR IEIEAN Cu K, 8, BIEA
40kV, BN 250 mA, 2=0.154056X10""m, 20 KN

10°~80°); K HLUEH 15 45 B T OB X (ICP- OES,
IRIS Intrepid II, Thermo Eleetron Corporation)3 T ¥
H TR B & SR 1S10 B ST AR 21 0 S A
SEHLLANMERE KA BET ELRH A 2 1U(BETA201A)
SIHTREM LA TERRHEE(SEM, FEIQuanta 200)
OB R R B SR H WO KL EE 2 BT AX
(LS—POP(6), Fifg B3 su A% A B 2 7)) 73 A ok
Ho

B LR A%) AP AR B g(mg/g) 7
(M) 5

A= "R 100% (1)
Lo

q:pOV_pr )
m

K py ARBRATEE K E LSRR, mg/L;

o, S R K A B R ) R, mg/Ls VR

JRKEFR, Ly m AW E, g.

2 HER5THE

2.1 SHANEIERESEMLEER

FRIE 1.2 S22 IR, B 500 g #RA5 MR HV 1 4 3
FHTIRAR, FREAR L n(Si0,)/n(AL0)=2, HNTEEL
n(Na,0)/n(Si0,)=0.8, K&HLL n(H,0)/n(Na,0)=40 il %
A B, fEREAREE n(Si0,)/n(ALOX)=6, #MNHE L
n(Na,0)/n(Si0,)=0.8, K&t n(H,0)/n(Na,0)=37 il %
P RUhfr, BRESRNIR I . AT R A A PR
Sy EEEnER 3 Argll, H XRD g 2 B

3% 3 Al A0, CALR &8 FRIEL)S 64> AP\ Fe™',
Ti*". Ca” i, SiO, i 1FRREL, n(Si0,)/
n(ALO3)=8.2, il % 1] A kA1 74 n(Si0,)/n(ALOs)=
2.1, P B A1 774 n(Si0,)/n(AL,05)=3.9. B 2 Al 40,
CALR FEWIAMARN CasAly(SiO4)(OH), (K548
1), AZP FEYIH N ALSi,Os(OH), (il 40 H.45 i
FPREEE MR . W CALR & ERFTEIL)E APT. Ca® i i,
JE SRAREERITEIRN, Si0, Fl A1,O; 45 & B RE I Es, &K%

Zinc metallurgical wastewater

CALR —

leaching

HCl _.l Roasting H Crystallization |—> Zeolite —| Treating —» Treated wastewater

1 ARERIR R 2 vk A S LA AR iR R K L 2 AR

Fig.1 Flow diagram for preparation of zeolite from CALR and its application in treatment of zinc metallurgical wastewater
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Table 3 Main chemical components of CALR, AZP, Zeolite A and Zeolite P
Mass fraction/%
Material
Si o Al Ti Na Ca Fe Mg Cl
CALR 28.20 39.31 12.40 4.45 0 5.39 2.11 0.53 6.47
AZP 42.18 35.79 9.91 4.35 0 2.67 1.73 1.32 1.30
Zeolite A 22.50 37.19 20.43 2.34 13.08 1.46 0.97 0.72 0.70
Zeolite P 36.23 34.07 18.03 2.05 6.24 1.15 1.02 0.86 0.98
MW o
Zeolite P
MMW
IO L W U U O S SO ol
| CALR
| 39-0219>Zeolite, P, (Na)-ﬁaﬁAl6Si,ﬂo3l. 13,0
[ | 90022 Zeolite, A, (NayNay AL, Si, 0y, 216H,0)
‘ | I | | ol 14-\\0\1614>K?l\ linlitﬂ-Alzsizos(OHh
. . 4?-0?%0??5?s;ui;%,Ih}‘lr‘;i‘l"o‘)‘(‘ylli‘l‘m;%CIaJAlz(Si104)Z(OH)4 2
1020 30 40 50 60 70 80 4500 4000 3500 3000 2500 2000 1500 1000 500 0
260/(°) Wavenumber/cm™!

B2 RFknR s S A T IR & A ) XRD i
Fig.2 XRD patterns of CALR, AZP, Zeolite A and Zeolite P

B8 I 78 A A T = Y e SR, AR T
1 BT « A Y AT n(Si0,)/n(ALO;)=2.1, i /& NaA
b A7 FRAR O 2H B (Naog[(A 196Sie6)O3s4] - 216H,0), 2 B
FERKIAGEAETS, FERRTRIE B9 7E =4 2% (] o i U5
THIMFBAEFTE AL T A B0 AR ¥ DAR XOAZ5H .
P AUk AT n(Si0,)/n(ALO5)=3.9, UTLhik /& NaP W47
8 U ZH B (Nag[ (A 16S110)O32] - 12H,0) 3 BHTE /K # % A4:
T, FERRERAR B TR =4 (Aol i U T I E
T P B4R 1) D8R JUALE#T,

FRES IR 5 0 A0 A SR A R A AL A
W 3 froR, ARG B R R B 2R
i 4 fral,

B 3 AT, ERESRN R H VA S A A O A S L
A LA W B AR R AE 3420~3450
1640~1650. 993~1085. 666~856. 460~565 cm'. H
# 4 TN, 3420~3450 cm ' AL & N —OH PR
W, BB K OIS RR AR B S T4 A, RAERE
RElA R TS, 1640~1650 cm™ &b Ry IR AT 06 g Bk 3
C=0 RN, PR 2 <o A
5 S RN U R RIS B RE A (R FS . 1085 em ' Ak
AR AE T i e 32 2 Si—O B AI—O #E B 4 R 5 -
& n(Si0,)/n(ALO:)IAZAY,, 41 1 IR [E A 1) 1085

PN

E e

B3 RSk HE 5P A AT IR KA AL A i
Fig.3 FT-IR patterns of CALR, AZP, Zeolite A and Zeolite P

T4 PSRRI Wb IR AN [F A Rt
JSLILLAM G 53 i

Table 4 FT-IR analysis of CALR, AZP, Zeolite A and Zeolite
P

CALR AZP P A Assignment
3420 3420 3440 3450 v(—OH)
1640 1640 1650 1650 v(C=0)
1085 1085 - - v(T—0)
- - 999 993 as(tetrahedron of T—O)
790 790 856 745 s(tetrahedron of T—O0)
- 685 668 666 v(Al—OH)
- - 565 560 v(multielement of ring)
463 463 450 465 v(Si—O or AI—0)

as—Asymmetrical vibration; s—Symmetrical vibration; v—
Sretching vibration; n—4,6,8; T—Al or Si

e ERAEIE CUIEATE 2%, 790, 463 cm ! AL IR BN K
AT AFERRERIMF, I T[S0 [AlOLVYHEfA %
SRR ZEIR B AFAEIE 993 cm (A ). 999 cm (P 7)),
X FRABRGEIR B FFAEIE 745 cm (A ). 856 cm (P 7)),
D4R XUAHREFNHFAEIE 560 cm™'(A 7). X 8 JLIF(DSR)
PRENE 565 cm (P BN T—O K2 dhIRENIE 465
em (A A, 450 em'(P &), WMALE M REF,
BT RERR AR B T AR R AR B, ETMIE 2 o S5 4,
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BEE IR BT, 22 JCIAH AR s e ik A,
FRES R IR AV 5 A0 A SR A B A P O T
P 4 Fron. HE 4)RTE1, FBE5RR T EURHE
MEE, mukzE, BIR™E, Hokikigk. W
Bl 4yl A1, ERERTE IR AT, BHEER, 1L
B K, RARICN, ROAEEERTE IS AR 34 ALY,
Fe''\ Ti*'\ Ca®" Bz, B SRS =R AT
HHE 4(c)rT 50, A BRI A Btk br, SIS R g A,
B ALK /INA 3.5~5 um. B 4(d)RT %0, P Aot
RS R ERIE R, BURRIARY) —, RSFR/ANA T pm.

-QN‘

»

o~ 0 L

B4 BRETRNR I S0k S A M) SEM &

e ’."‘
0 -

22 AR P BB AX EEERIRE
221 AbFEA] X 4 IR B AR R R

B 0.5 g A R A B P B A N2 500 mL £Eif
TR, EIR%IEE 100 r/min, JRE 25 C R4
—SERF], ARERR R A RN P R A R E A
JERIsZ W E 5 Fros.

S WL, A R P RS A A R PR
R AL ER (3G K, 150 min B LR AR A
LEPPERRES . A B A S B I ZBRACRILT P
R AT, AL TR 8] 9 150 min B, A F1P A3 4 5% Cu?'

Fig. 4 SEM images of CALR, AZP, zeolite, and products: (a) CALR; (b) AZP; (c) Zeolite A; (d) Zeolite P
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Fig. 5 Effect of treatment time on removal of heavy metal by zeolite: (a) Zeolite A; (b) Zeolite P
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Pb* Fl Ast R FRIEFH] 100%, A B A6 Cd* Al Zn®
F R RIEF] 87.99%F1 68.43%, P R4 X Cd*
Al Zn* LRy HEF] 80.34%F1 41.40%. NI
AW Zo® R Cd* Bl 1R S R B P — 25l
F1EFEAR(R3)) s s I # R (K@) R B 5 5k
WHURIHTIG, WEERWE 6 i, MENIF
SRR 5 Fidil.

In(g. —¢q,) =Ing, -kt (3)

t/q, =1/kyq2)+1/q, 4)

Kb gt 2N &, me/g: g NTFHETIRI
mg/g; ky(min )l kx(g-mg '-min ) AB) I SHL

4.0

= Zeolite A
e Zeolite P

3.5F

3.0

2.5¢F

In(g.~q,)
[ ]

20F

1.5F

1.0} °

20 60 100 140 180
Time/min

3.5} () = Zeolite A

e Zeolite P
3.0}

2.5

2.0

tq,
|}

1.0

0.5 =
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Time/min

B 6 ARIWhAM P A AN Zn® F CAZ HIEN J1 2

B3 5 I, A ZUEE A Zn® 0 Cd> A — 2%
Bl J1 AR 2R AR 5C R B R 43518 0.859 10969,
LG5 F7 AR (R 2R M A 26 R 5L R 43 14 0.981 Al
0.998, P BRI Zn> F1 CA> B3 — K5 Jy 2R
LA 2 R 5L R 008 0.877 A1 0.651, )l —iz)
FIEERER 2R VER OC R  R? 435908 0.997 11 0.999,
W Z B ¥ R HAR S A B ART Zn R
CA> AR H-8: 43 5149 97.09 F1 12.39 mg/g, P il A
it Zn® R CA* PR B 553 71 57.84 F110.82 mg/g,
X 5 Stk B A R Zn® AT CdP ST I BB )
N 97.12 F1 12.36 mg/g, P A7 %F Zn® K1 Cd> P
Bt 43 57.86 A1 10.80 mg/g )4 . BN 2 5h

(b) = Zeolite A
1k ® Zeolite P

20 60 100 140 180
Time/min

@ . Zeolite A

e Zeolite P
14+
_10k
<
6L
2L
20 60 100 140 180

Time/min

Fig. 6 Kinetic curves of Zn>" and Cd*" adsorption on Zeolite A and Zeolite P: (a) Pseudo-first-order of Zn*"; (b) Pseudo-first-order

of Cd*'; (c) Pseudo-second-order of Zn"; (d) Pseudo-second-order of Cd**

F=5 ABFOR P R Zo® I CETHIB) F1 SR

Table 5 Kinetic parameters for adsorption of Zn?* and Cd*" on Zeolite A and Zeolite P

Pseudo-first-order

Pseudo-second-order

Materia Ion

Ge/(mgg™") gea/(mgg")  ki/(min™) Go/mgg)  qu/(mgg') kf(gmg 'min) R
. Zn* 97.12 54.16 0.009  0.859 97.12 97.09 0.0004 0.981
Zeolite A -
cd 12.36 537 0010  0.969 12.36 12.39 0.0045 0.998
. Zn* 57.86 18.37 0010  0.877 57.86 57.84 0.0145 0.997
Zeolite P -
cd 10.80 1.25 0015  0.651 10.80 10.82 0.0340 0.999
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TSR B AT RO A BRI PR AR P Zn®"
A CA* (ML, H B R LR o, TR
B MBS B, ST B RBORE P s
2.2.2 JRIK pH X < Jem M RCR OS2

FEHAZEAFANAR, IR BRI TR 150 min B, &
K pH X A R4 A P 2R A 25 R B < I s
7 FiR, MREERAEAIE R E SR 6 fr
ﬁlj[lzlo

100 —

(a) ¥ :
80 —=—Cu
—e—Pb
§° ——7n
2 60 —~—Cd
T;; ——T,,
é 40
(]
o~
20 +
O 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11
pH
100 - - -
b~
80 -
§
a"é 60 -
=
3 40l —=—Cu
g —o—Pb
~ ——7n
20 —~Cd
——T,
O 1 1 1 1 1 1

B 7 K pH XA 25 R G s 1
Fig. 7 Effect of wastewater pH on removal of heavy metal by
zeolite: (a) Zeolite A; (b) Zeolite P

6 18~25 C FAHKREBJE S AN BEAUE £
Table 6 Reference K, values of relevant metal hydroxides at

18-25C

Metal hydroxide K
Cu(OH), 22X107%
Cd(OH), 72X107"
Zn(OH), 6.8%x107"
Pb(OH), 1.43X10°%

R 7 w50, A BEEEA P B AN EAE LR
RIGEIR K pH B3N, A B A 7E R K pH N
8 I, XHE&EEMELIAT] 100%; P A4 7E pH

N THE, X Cu®ty PO Asy R EIEE] 100%, X
Zn* 1 Cd™ BRI E, Ak 88.81%H1 76.77%.
HI2 6 AN, BEAERIK pH 3N, HEERUTE
I 1 A B MEVCA Cu(OH),+ Pb(OH),« Zn(OH),-
Cd(OH),, Cu*'. Pb*. Zn"fl CA* KI5 4V0IE pH fH
I35 6.67. 7.07. 8.24 H19.43, 7EJK/K pH>9.43 It},
e R T FEES UIEEH 2 /£ pH<6.58 i,
HBEJEE T EEIES W MHER L. As(V)FZELLR
FITERAFAE: HyAsOu(pH<2). H,AsO; 2<pH<7)
I HAsO;” (pH>7). {EFSERIMEAMET, RIS IE B
{17 R B 751035 DA IS 8 T2 AR AE 1) H, AsO A 1R 5 1)
HEES 1, WIHRE IR, I, JR/K pH 1 3~7 2
], As(V)F L H,AsO, X 5 R ##E1 AP
g4, pH {HTE 4~7 B, H,AsO, 5 RmE K AP
HAT SR E RG] 77, As(V)IRF T 100%. pH
THE 22 G (pH>T), JE/KH HASO; S5 &
TR AVTER T A I A, As(V)
W B2 100%1 14,

23 ESERWMNFRESE
FIREABSEAEARA, MK pH N 8 I, Cu*,

Pb> 1 As(V)ZBRE B CIAH] 100%. [HIk, AL
B AKT CA T Zn® W BE I S2 IR o b AP
B & (go) M1 EE 5 ) P i RO (o, ) IR R K H
Freundlich(z((5))A1 Langmuir(zX(6))&5 15 2k 5 F2 47
W, HEERME 8 Fr, MERIESEBUE ML
KA T Fr)

q. = Kepy" (5)
b

g, = dmPe (6)
1+bp,

A : K(mg/g)Fl n A Freundlich 77 2 5 Wt & A1 B
R R E R g AW E, mg/g: p, AW
R, mg/L; k,oN Langmuir %%, L/mg; qn N
B R R AN B 5, mg/go

Freundlich ARAY1E FH T~ JE S5 A0 2 11 1 52 2 W
Langmuir #52 8 {5 7] T3 257 [ 26 11 1) B 70— JE IRt
HIZ 7 WAL XTI SO, Freundlich W <5iE £k
MR REGE T Langmuir WHEERZR LR A 2 R
%, KW Freundlich BB E SR A By A1 p A
oA Zn®> R A R R, IR BREATL R 8 e Tl
AH 2 T A 82 24 B, B Langmuir WY B 2508 28 7 F 155
7530 A U ATR P AL A% Zn® VRN B 4 )ik
F1] 222.85 Al 502.84 mg/g, 7 W 47 & —Fh it B 1) Zn*
KBRS A AR R ERER, HxE H
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(a) (b)
s 7n " i
= Freundlich s e
----- Langmuir ~ ___.
aEL: - st . Cd
Eﬁ 50 Freundlich
E 120r g T[S RS e e Langmuir
= =
80} )
Wl i
40 C 1 1 1 1 1 g 0 1 1 1 1 1 g 1 1
0 0i2inOidge 0 Gt OiS i i100) I -0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
pe/(mg-L™") Pe/(mg-L")
16
ool © @ .
Ll g 14}
Freundlich i
160} - Langmuir 12
3 = = Cd
0 x 10 Freundlich
S/ 120 g8 L Langmuir
= =
80} 6r
4F &
40 [ 1 1 1 1 1 1 ',

pe/(mg-L")
8 A RAAI P B A X Zn® H Cd> R R 2%

2 N 1 1 I I I I 1
-1 0 1 2 3 4 5 6 7 8

Pe/(mg-L7")

Fig. 8 Adsorption isotherm of Zn*" and Cd** on Zeolite A and Zeolite P: (a) Adsorption of Zn*" on Zeolite A; (b) Adsorption of
Cd** on Zeolite A; (¢) Adsorption of Zn*" on Zeolite P; (d) Adsorption of Cd** on Zeolite P

RT AR P AL AT Zo T CT IR B AR 2 S

Table 7 Isotherm parameters for adsorption of Zn?" and Cd** on Zeolite A and Zeolite P

Freundlich isotherm

Langmuir isotherm

Materia Mental ion

n Ki(mgg™") R bLmg")  gu/(mgg) R
. Zn* 2.45 193.72 0.975 4.90 222.85 0.912
Zeolite A -
cd 4.67 27.64 0.941 42.49 22.16 0.699
. Zn* 1.38 32.80 0.980 0.05 502.84 0.964
Zeolite P -
Cd 3.94 9.70 0.940 1.71 16.34 0.865

HAEGEBEM, SREMBIEEN pH @8N, F4)8
DA AT SRTE o vl BE,  AH DR E &8 40 A R AL
Wi 8 Fisl.

f#% 8 A%, Cu®'s Pb*". Zn* F Cd* i 7K il B0
KA B BERUK G220, B RER AL E HRE
K BRI R IR A AR 10 4 B 1P i O B3 7E U AH
W ARIE KRR BUE, &R BT I RBRIBUT K E]/N
W Cu*ty Pb*. Zn®', Cd*'. WE/KILE HRE, &
J& B T IR BRIBUT B R E/MEUCH PO Cd*' Zn's
Cu™'o MRIEKEFERA, SRS T LBRINT K
FMRICA PO Cu*'s Cd*'. Zn®' . MR K H BT
PR 471 R SE A MO AR SRR 45 L, R IR H H02

x=8 MKREERNM AL

Table 8 Distribution coefficients of relevant heavy metals

N8 i ooy omel") ot
Cu 0.419 2100 734
Pb 0.401 1480 73
Zn 0.430 2028 82
cd 0.426 1806 92

SRR EESH AL, WA PO T
AL B R AF T Cu® B, X FTRER A Pb> B #
A 7K AL B RERIAU NI ZK & 242 SCHR[20]4RIE T P



2660 T EA O8RS

20194F 11 A

By % R & T 1 BRI B oK B MK N
Ccrt. Cu*'s zZn®. Cd¥. NP, 4A HE A E AR R
T 2 BRI E KB MEIRA Cu®'L Co™ \Mn*'\ Zn®"
Cd™'\ Ni*', X5AWFIFIILE R 5.

2.4 RMIFE=49LE4 5 4

A IR P Bk R BRI R K SR IO TR
TEZ 7K pH 9 8, W iR B 2 25 °C, W BB 18] /9 150 min
W, A B AN B 48 L BR AL F] 100%, P A A
XF Cu®'s Pb* Rl Asy ZiBRFIEE] 100%, XF Zn* F Cd*
ZBEHIE 88.81%. 76.77%, FHI A B /L8
VBRI K AL B o — PR R B 4 5 BRifl. AR |
R SELS AT, K 5 g AR A NN 5 LR K,
W PR R g, R R K Hh A e T B S BT
Ko, BKAHEGRER 9 pral, KK E AR
WA FESLRSBWE 10 Fis, HaseitmE 9
PR o

H# 9 F1 10 AT, KA A B4 A EREEE IR
K, FEEEAN 1.1 g/L, HAOKBIEARIAE] (8. 5
W HERFRUE) (GB 25466—2010). 4@ A7 /K Hh Al
PUEFEPP RN 3.0 gL, SZAHE, KI5k s
A, TAWR, BARIFMET S G .

I 9 AL, A B A —OH Mg F 4 R
HI7E 3450 cm ' Ab, AbFRJSAE 3455 cm ' b, RIONFRIE
AGRAMEESES TN, RENAGESES
T FEOR I AR SCRE A R AR RS, AR R DU T A4 SR

RO AP AL BREEA MR K ST A R

Table 9 Experiment results of zinc metallurgical wastewater

treated by Zeolite A
Content/(mg-L™")
Element
Wastewater ~ Treated water GB 25466—2010
Zn 147.00 0.52 2.0
Pb 13.12 0.05 1.0
Cd 15.14 0.03 0.1
Cu 1.68 0.06 0.5
Ast 4.06 0.01 0.5

F10 EEKE A MG EETR G E
Table 10 Main chemical components of Zeolite A after

treating wastwater (mass fraction,%)

O Si Al /n Ca Ti
28.19 15.88 18.31 15.66 3.44 5.87

Na Cd Cu Pb As
3.83 0.57 0.38 1.22 0.25

Zeolite A
after treating wastewate

Zeolite A before
teating wastewater

560

4500 4000 3500 3000 2500 2000 1500 1000 500 O
Wavenumber/cm™

B9 A RIWh AL H L KHT G LLA
Fig. 9 FT-IR spectra of Zeolite A before and after treating

wastewater

WA Za R SN EFEIEAE 993 em !, AMFR S 7E 999 em ™! &b,
ot W o 4D e 3 N DU TR A 548 P T 44 S % A
AR R AR, Al—OH Wil dy b B R
666 cm ' AMFE E 662 em &b, BRAIE T kA R L)
REILH 5 EEBRLA, A ISRE, 560 cm ™' Ab
(1) D4R AR FFAEIEAR K AW A% , LR RT S A
R A R G5 M R R AR AR, R AR
FH o I B s 4 6 18 5 W RV VR T L 5:1(Lekg) I F
WFEA 1 mol/L IERFRIEWH, £ 25°C. 100 r/min #&
Yl R 120 min 5 i€, WREHE T Zn® R Cd>
FRIR 53 BT 65.18%A1 71.59%, FW A WA 4R
W PR S5 T PR A

3 Z5ip

1) CALR # S B~ J5Fe b 215 2] AZP, SiO, M
A1,0; S5 G BERRIRES, A8 ROl S YRR I = e A
AL n(Si0,)/n(AL0X)=2.1, fiki K/NA 3.5~5 um;
P AUl A7 n(Si0,)/n(AL,05)=3.9, kI A/NA 1 pum.

2) A BUFN P 2k A W B S DA 2R IR B R
WL Z B ¥ R HAR S A R ART Zn R
Cd™ P I B0 531l 97.09 AT 12.39 mg/g, P i
AXE Zn® R CA* SFETIR FE R AY B 57.84 A1 10.82
mg/g. Freundlich Y 5 i S48 A Bk A1 P 23
AR Zn® R Cd®t, LR BRATLER R S e T 1 52 4%
W Bff o

3) KR A B AP ERR R K, PR 1.1
g/L, JE/AKH Cu*'. Pb*". Zn™". Cd*Fl AspifE 57
M 1.68+ 13.12, 147.00+ 15.14 F1 4.06 mg/L %% 0.06+
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0.05. 0.52. 0.03 #10.01 mg/L, WG A Yk #ik
SR RAEBN, BRTHBEEFA, BARGME
BRI R3S
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Preparation of zeolite from calcium aluminate leaching residues and
its adsorption properties for zinc metallurgical wastewater

PENG Ying-lin', LI An%, ZHENG Ya-jie?

(1. School of Materials and Chemical Engineering, Hunan City University, Yiyang 413000, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Zeolites were prepared by the process of HCI leaching, roasting and hydrothermal crystallization using calcium
aluminate leaching residues(CALR) which were generated from the production process of polyaluminum chloride, and
raw their removal effect on heavy metals from zinc metallurgical wastewater were studied. The results show that, after
CALR is treated through the process of HCI leaching, roasting and hydrothermal crystallization, when n(SiO,)/n(Al,03)
in raw material is 2, the product is a structurally intact Zeolite A, when n(Si0,)/n(Al,Os) in raw material is 6, the product
is a structurally intact Zeolite P. According to the pseudo-second order kinetic model, the equilibrium adsorption
capacities of Zeolite A and P for Zn?" are 97.09 and 57.84 mg/g, respectively, and for Cd*" are 12.39 and 10.82 mg/g,
respectively. The fitting results of Freundlich adsorption isotherm show that the adsorption of Zn*>" and Cd** by Zeolite A
and P is a complex adsorption on heterogeneous surface. When the wastewater pH is 8, adsorption temperature is 25 ‘C,
and adsorption time is 150 min, the amount of residue is 1.1 g/L, and the concentrations of Cu?", Pb*", Zn*", Cd*" and Asy
in wastewater decrease from 1.68, 13.12, 147.00, 15.14 and 4.06 mg/L to 0.06, 0.05, 0.52, 0.03 and 0.01 mg/L,
respectively, by using zeolite A to treat the zinc metallurgical wastewater. The water qualities reach up to the {Emission
standard of pollutants for lead and zinc industry) (GB 25466—2010).

Key words: calcium aluminate leaching residues; zeolite; zinc metallurgical wastewater; adsorption
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