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1 FE: DL PAC Al B R kiR HE A Rk, SR SRR AN A A B REA TR AL, T AR BRI R K T B
SIREITEREHHTII L . AR INE B RS LRI, FLEWRIA, 8T T pH . WIS
[F1) 0 4 o R P 5o LR P R PR B I, DA TS AL = W R BRI AT 7 Tl st . 45 R R RS R
B IERAMA AN, B BRAAER . SR B BRI A S AN L
RSB 9 21.8 63.1. 28.1 m¥g, BIH fL122r 514 36.06. 43.54 A1 236.35 nm, FLAZH4 0.03. 0.09 F10.14
cm’/g. pH=8, WLFHIEEEH 25 C, WLPHIEF 150 min B, Hi Langmuir 77 FE45 B4R HE X Cd2' . Zn® 0
As(V) TR B &5 510K 2.81. 497.57 1 2.45 mg/g, HERTGALF=I%T Cd*\ Zn> FI As(V)RIMLRI bt 545 51
3.44.516.32 Fi1 2.04 mg/g, F AL = P00 Cd**\ Zn® 1 As(V) LRI Y & 43 1M 7.64+ 526.32 F1 4.72 mg/g.
Tk sEae o R WP AR B AR BRAE . K Cu®' PB*. Zn®'. CA*TRT As(V)RIIE T 1,684 13.12.
147.00. 15.14 1 1.56 mg/L B&% 0.01. 0.05. 0.52. 0.03 #10.02 mg/L, iLF| (4t FE5HARE) (GB25466—
2010).

XPEIR): BEETKNR I W FLEM BRRIERIEK: R

NEHRS: 1004-0609(2019)-05-1073-10 FESES: TB321 XRAFRERD: A

PAC & H B 7E /K b HR 75 T I B )32 (1 —Fh e AL
T 2. 20 tHhed 90 SEARAI, A E I A
H T HRERES Ry ) &R PAC AEFE L2, ff PAC HUE
FARIN AR 3 T Pk BN, 2016 4E, HE K PAC
BrEER gl 300 1t SRAMBREELEF PAC
I, B4 1t PAC 22 g AR ES IR A 45~50 kg
2016 4, HHE PAC A= REH = A RE iz i
RAH 15 It HREESHKER AL BA REFH
Al B FMME . BRI B8 E R G £h
ghR), EIRRERR SRhDR A REIR I G540 . BRI T BE,
R REENESEBT YR, DUZREER v
Bl SREKIE GE. GBS KRR E RS
T3 15 % 2 FLIR A RME A RE L S R R
F EIRA R G E PR R F TR SRR 57 31
Pz SRR, R EREREAE 400 2 m’ AT
JBK, HAE SRR KA L 60%. Flin, HREER
KPR A i AR AE AT IAR] 716 13 (91, BT Pb. Cu.
Ni. Cd. Cr. Hg % 9 FELE /I ANFREAK L

EEUH: WimA E SR RITE (2017SK2254)
isBHEA: 2018-06-22; f&iTHEA: 2018-12-30

FEHIT 68 Mysiissk, SEEBEKNGE K
FE PN % [ A AR AT Y TR R R IR AR 2R
AW % P o 4 a8 R PR LA LR T AR e, WP
AR . R ABRR . SAiStmit s, A
BRI R RN 280 m¥/g £ FLEALTERT 56 mY/g Z 4L
AR, ZFLAALERXT Cu® A PO i AT B B S AT
i% 134 mg/g F1 450 mg/g”, T WM B U5 Zn MR,
BB o ATk 50.43 me/gt®l. AHEFT L PAC A RE
AR R IR R A R, 20 R FH R I A S SR A BT
1, WEFL T AL R /K P H 4 S PR IR PR

L1 SERRE

DLV BHIE PAC A2 77 | SR8 M= VA k), A
FHE IR 8 CALR(Calcium aluminate leaching
residues). FHFR(AR). ZEAL(AR). I/ HEHG
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a
1.2 SEIEiE (co—c)V
AT 7 L2 EIE SN S g=-—"2 "1 2)
TRETEAL): R E L 5:1(mL:g) KR4S RIR H "

BEINAF] 8 mol/L IERERIEW H, 1E 85 C FiFfk 3 h,
IR SE ET1S B ERER TR AL ) . AW S B R TR A
¥ Fl HC1 AP(HCI activation pruduct)# 7= .

LA EORIE EE 5:1(mL:g) KRR
HE NN 3 mol/L A E MR H, 575 C g
1 2 h, RGBT B S E ARSI 5T
AR AL P2 W ] NaOH AP(NaOH  activation
pruduct)F R

WS B e e — e R ] LUK B A IR R v B LA
YN BIBE R R KT, 76 25 Cy RGEE N 100
v/min R, B s B 1], W K R Cu®' s
Pb*'. Zn*'. Cd*. As(V)S &,

R 1 FHABRIEOKEERIKE
Table 1 Concentration of heavy metal in Zn metallurgical

wastewater (mg/L)

Cu Pb Zn Cd

15.14

As

1.68 13.12 147.00 1.56

1.3 Shsiam

KH X PO OEIE(XRE, S4PIONEER) 7} H
JERM TR s R X AT (XRD, Rigaku
D/max—TTR )7 HrFEAAH (RGN Cu K, B, &
JEN 40KV, BN 250 mA, 1=0.154056x10""" m, 26
9 10.0°~80.0°); KA HUEHE & 55 5 T AR ik (ICP-
OES, IRIS Intrepid II, Thermo Eleetron Corporation)
AT TR S & KA BET RN E
(BETA201A) 73 HT B s FL25 14 s 7549 4 FBL 8% (SEM,
FEIQuanta 200) ~ SEHF: 5t R 30 SR BWOGKLEE 43
HTAX(LS—POP(6), Bifs KR 3% v A 2% A B 2 7)) 7 A b
L 2H A o

G R R A(%) R B 7RI P & g(mg/g) 7
AR )AQR) T

®2 AR ME L) EE LR SR

e co oM I AT R 7K Hh B <52 Ja F) 5 VA B2 (mg/L) 5
ey AWM K vh B 4 SR B BRI B (mg/L)s v R
PRAMRIL): m W75 (g) o

2 ZFER51E

2.1 $REEMREERENRERFLER

AR 1.2 S2E6 98, BL 500 g 4545 K18 VA 43 il it
1T R AN A AN L, FRESHNR BB X L)
22 XRF kil 3R Lo RS EWE 2 fron, H XRD i
w1 pR, RRAEEANE B E TR S =W
% 3 Fime

BHE 1 AT, AR A I 3 B A R
Ca;Aly(Si04),(OH), (K58 £1) Fe;Si,05(OH) (ke
4Uf) CaTiOs. MR AL BIRIEILE CasAl-
(SiO4)(OH), (K E5 FEM8 A)W A e Ak e AL Si,05(OH),
(FUEF), CaAlLOy( 4R ). HT Ca;Aly(SiOs),-
(OH), S5EhM IR N ITFEF R4y APYL Fe'' Ti*'. Ca**
B, BPIREEMBIERE, NEAL ATPTH Al—O
NO3/6=1/2, HENEA Al B O KIF & BN A
—2+1/2=-3/2, FHHBN S m G @R, 5
7y—Al 0 5[Si0,]. —OH i EHE, AT AHZE
REEHIH) ALSLOS(OH) (il 1), il fr 45K BT 2
p B B WU s g P23 = S W IR N i g e e R AR 2 ) 2E
B, HE S E RN A —Al—0 T Bh
Ca”" 4 i CaALO;.

—Al—0 “+H'=—Al—OH *° ?3)
)

BRER HESA AN LE Ca;Aly(SiO,))-
(OH), WIHHEAL . ALSLOs(OH)y(E& ), AIl(OH);,

—Al—0—H **=—AI""+OH"

Table 2 Main chemical components of CALR and its activation products

Mass fraction/%
Material
Si (0] 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
HCI AP 42.18 35.79 9.91 4.35 0 2.67 1.73 1.32 1.30
NaOH AP 20.50 40.36 15.07 4.46 8.39 5.39 2.12 0.50 2.39
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0—Al(OH), ®—Na, Ca,_ ALOj
®+—Ca;ALO, 4—AlLSi,05(OH),
[

(b) ; * . « = CaAl4O7
o g *—_ TISO
A * 3
Mo
AR o A

#—Ca;Aly(Si0,),(OH),
. #—Fe,Si,04(OH),
%

(@) o *—CaTiO;4
. . as N
10 20 30 40 50 60 70 80

20(°)
El 1 SRR L LS4 XRD
Fig. 1 XRD patterns of CALR and its activation products: (a)
CALR,; (b) HCI AP; (c) NaOH AP

®3I HRBRMEAEMNR B EE TR SR
Table 3 Main chemical components of hydrochloric acid

leachate and sodium hydroxide leachate

Content/(g'L™")

Leachate
Al Fe Ti Ca Si
Hydrochloric acid 1068 176 281 676 0
leachate
Sodium hydroxide 037 0 0 0 14.54
leachate

NayCas (ALOg. HIT CazAl(SiO4).(OH), 5 & AL
RAGEFET SiYVEH, SRR, EREAEIR
ZEFH) ALSI,Os(OH),(FI& A1), ¥ HKI AP OH 4
&, R AI(OH);, WHKI Ca*'5 AIOH); £, 4
& CazALOG™, HIT Na'BULH > Ca®*s T 1%
N Na,,Cay AL Og I [E A A,

AR O SR R RO SR 2 fir
TNe BESRNR A P AR (Dso) N 7.72 pm, AR
= A RAR (Dso) N 7.45 um, SEBTEIL
HALKIAR(Dse) /9 7.75 pme

HH I 2(a)nT 5, SRR H VE OR HE A 5%, 4)
BEZE, RIS, o RRDRIAE K. I 2(b)RT A,
BRI R TAT, BHEIR, FLERIGR, kg
N, T RIS R R4y AP, Fe''L TiY Ca™
PR, SRR TR =R AT HIE 2(c) T A,
AENEE =) REOR, BORDRAE R, HIR™E,
R A AR A A 12 i 4 S AL NS L S T G AI(OH);,
BAREER, JHEEBRAE/N.

FRES R IR O B A A = BJH FLEE #4434

"
B2 SRR A &R SEM &
Fig. 2 SEM images of CALR and its activation products:
(a) CALR; (b) HCI AP; (c) NaOH AP

K3 fiw, fLMERES R 4 Fios.

HHE 3 vl %N, BRI i A B R AL e AL
oA F AR LE 38 nm H ERRRIG 1b =) FL1% 4 A1 1
SRR, SERENIIN, RUAIBEENEY S EENR
HBFHECLE 38 nm WA FLEE R, 7E 30~43 nm
A FL o G K. A SEAAE =LA A
BAETAE 38 nm A1 186 nm, H A EALANIEL =193 Aii
R FERRAR, HIL T 70~415 nm KILAARIEH. X%E
B SRSk IR AR LG, SRS L= PI7E 38 nm
LR, FLEEH FZEDL 38 nm AL 186
nm FIRFLIERAELE, BT SiYRIRERE, R T
BREE .
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Fig. 3

Pore size distribution curves of CALR and its

activation products: (a) CALR; (b) HC1 AP; (c) NaOH AP

R4 IR B R ILEA LIRS H
Table 4 Pore performance parameters of CALR and its

activation products

. . BET Specific surface BJH pore Pore volume/
Material 2 1 . 3 1
area/(m™g ) diameter/nm  (cm’-g )
CALR 21.8 36.06 0.03
HCI AP 63.1 43.54 0.09
NaOH AP 28.1 236.35 0.14

HH3 4 Al BEESENR A, SRS A A
FAEA I LR AR 450 21.8, 63.1. 28.1
m?’/g, BJH LA 514 36.06. 63.54. 236.35 nm, 4L
B HIN 0,031 0.09. 0.14 cm’/g. HI T EHERIG (LIS FE
AP, Fe''. TiY. CatHIVEH, ERERISILCYIR T
SHEVCR, R, LR LA m. BTA
AR R SiY OGRS e
P T KL A, FLiE FLA R 8, [FES, 4
J§H) Al(OH); Ml Nay,Cay ,ALO, B 78 #i 73 FL1E, LLFRIH
P INAS B 2.

22 SEIEHREBREENTYNESE WM
2.2.1 pH fEX 4 Jm W PR RE A R

R AR v R LS % 0.5 g o BlinA
#1300 mL BHAHIE K, #RGEE N 100 t/min, W
BN 25 °C, MR T 150 min, IR B 25 R A i
¥, M KK EE RS R, pH XA H il &
FLEAL =P b B 4 s e 1 4 B .

B 4 o7 5N, ERESRNIR I R IR Pkt H

100

80

601

40t

Adsorption rate/%

20

100

801

601

40¢

Adsorption rate/%

201

100

80

60

401

Adsorption rate/%

20

3 4 5 6 7 8 9 10
pH

4 pH BT ERETRR H R B FEE A = B 245 ) S

Fig. 4 Effect of pH value on adsorption of heavy metal by

CALR and its activation products: (a) CALR; (b) HCl AP;

(c) NaOH AP

JER 2S5 BE pH SEANTIHE K, RS AR VA W P =
&JBAE pH {EA 10 B, WPF2RIEF] 100%; A As(V)
W B RSN JE N, fE pH=4 WIAFEIERE, A
61.33%. ERERVG b=V It # & )R 7E pH {E M 10 B,
W B ZIE ] 100%: %5 As(V)IR IR 568N G 1, 78
pH=6 WL B fE, N 63.61%. SEAENIEIL =
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b H 4R AE pH AE A 8 B, I 25 2] 100%; X As(V)
LPRFZEIIN, 1F pH=8 W& THRE, & 73.59%.
A Eh R A A E AL NS A= JE T R R 2R, R
fAEH—AIOH. —SiOH %5J& [, X sehL il it % H
(AR AN 20 A A T AR SR T LT, AR R SR
T T AR F A R T A 7 A 4 R e R B 1) o
fr gl A R R R R

L—OH'=H'L— OH} 5)
L—OH+OH =L—0 +H,0 (6)
M*+OH ==M(OH)" (7)
M*+L—0 =L—O0M" (8)
L—O +M(OH)'=L—OM(OH) 9)

. LR AL Si 5581 L—OH NRMAEE
AER]l; M N Pb. Cu. Cd. ZnZHEEEux!"",

H 2 (5)~(9) AT %01, pH B8 ey 8 ) - <6 i P G
Wb, pH (EARES & AEAS BT, pH {f mifd &ALk
Wep s [EIETBEE pH ARG &,  Si—O Wik /b&E
(Fr Si* Wi, PEEB PSR, K p )
Xof HE 4 e 1 PR B R

JEREERR R S Al Befig e L, 5 As(V)
AT LLR A Z AL TS & N2 2« pH (X As(V)
W B PR S S5 T TR 3G 0%, — 2 As(V)TEAE pH
W IAAEE G AN pH R PR 72 1 )
H L. AR TE VAR P R S

H;AsO,—> H,AsO; +H"  pK,=2.24 (10)
H,AsO; —> HAsO> +H"  pK,,=6.76 (11)
HAsO;” —> AsO; +H"  pK,=11.60 (12)

Bk, As(V)EZLU RN RAFTE: HiAsO, (pH<
2), H,AsO; (2<pH<7) M HAsO3 (pH>7). 7EIFERTE
AR, SRTHAY IE AT IR B 7005 DABH 25 - T A7 7
(11 H,AsO, IR SR AIEF LS & 1, TRPHAE . pH
Thn B — RS 5 KT 7), W B 773 1 s L e £ K
W, EEGIRES, WA R, BT A
WAL, SiEHE R, HAsOZ™ B £ Al
TR T BT 4 51, G pH ETF &, X As(V)
W Bt ks T R
2.2.2 VR A )t B 4 e W A1 i P R

TEHAMSRAEAAR, 2R K B 2 55 pH {EH 8 1,
IR s 0 S 65 A A3 02 9 B LT A= P 4 SR 1)
SN 5 FR .

B 5 AT 0L, ERES R H VA e S A =0t 4
JiR W o 23 45) B R BB TRD S T3 K, 150 mine B LR

100

’\“

1 —Cu
X *—Pb
2 A—7n
& 60 v—Cd
8 *—As
§40-
o
<

N
(=
T

0 L L L ) L L n L
20 40 60 80 100 120 140 160 180
Time/min
100 x
(b277';'
801
x
2
S 601
o
.2
£l
§ 40 .—Cu
< ¢—Pb
A—7n
201 v—Cd
*—As
0 L L L L L L " L
20 40 60 80 100 120 140 160 180
Time/min
100 7 —y
(©
801
X
2
S 601
=
e
§40’ 1 —Cu
< ¢ —Pb
< A—7n
20F v—Cd
*—As

0 . . . . . . . .

20 40 60 80 100 120 140 160 180 200
Time/min

B 5 SRR A A0 A5 A IR T R i A W B B < )

A

Fig. 5 Effect of adsorption time on adsorption of heavy metal

by CALR and its activation products: (a) CALR; (b) HCI AP;

(c) NaOH AP

B FE AL B EIRAS o EUEAENTE AL = 0] B 45 1)
W2 B 25 R TR A R IR s S L R RV A = . Bt
B 182 150 min B, SR ENTE 1 =4 0t 25 4 i W Bt
RILF] 100%, X As(V)RFRIAE] 73.59%. IR
S E AN YR S & D RE I F Ry 5 &
SJEPUERL A AR A B R T, A
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S 150 min AR PRSP8I A]
223 WIUHVAE X 4 W B R A )
1E A5 ANAE 24 BB ) 24 150 min B, Cu®'
P> W I 4 CLIEF 100%. K, A SN %52 Cd* .
Zn*' . As(V)WIUEIR BEXTER A KR H s R FLS A P i
BHPE RE RO RE I, ER ARV HE T R LTS A P B
Zn*'. As(V)IITEBL I 6 Fior.
1P 6 T, SRR H v R LTS % Cd
o' As(V) IR B 3 BEAT GG I BE (A 38 R vl o
Cd™' As(V)FIFs R, AR BATSE A = e 48
Wkng B IRz, BERIE T EIRZ . 3T Zn® TR
PR, SEAEATE A Y B, ERRRIE IR
BRI VA IR 2 o X R S A NS AL =9 Si
SElR, H n(Al)/nSi)IER] 0.76, FE5HNE HE n(Al)/
n(Si)N 0.46, FEERIGEWY) n(Al)/n(SHIL A 0.24, Al
SR, WIHARE—AIOH A=A H L HE e EE
THHEW LS, AFTELSERM. HHBRE™
VIR THAR, R BB 9 3 4 1 R PR R
224  FEEJEWH Langmuir 2556 2% 7 72
¥ 2.2.3 WP SEER 25 R A Langmuir(20(13)) 45
L REMATINE, SRWE 7 Fir, MARESHE
FZEYER SC RBCUNTR 7 B o B 70 R R B2 it
Sy BT Ry RV, 43 BT X L(14). 0<R <1,
RFEHR TN, R>1, RRAFTRM, R=1KE
TR, R T 0 Ko An .
1 1 1 1
0 K P 4
1
- 1+ pk,

Ry (14)
A k, A Langmuir % $0(L/mg); gm AWK A
W bt & (me/g)s g AW E(mg/g)s p AR
(mg/L).

F P 7 AT, B AR T B LA R ) Cd
Zn*" . As(V)W it B3 75 & Langmuir £2%Y, H 0<R <
1 33, Langmuir J7 F2 3835 A 2 10 14 5.5+ 2R
AR R IR T S LS A= W B 4 8 R B T
JZIR BT,

R S nlhn, SR . SRRETY. A
SEACENIS AL = 2o (VAR B 500 53 497,51
516.32. 526.32 mg/g, izt T SCHRIRIE 1 I P
B AR Zo® PRI 8 103 6 Firsi)™.

i

23 SEMNWRELSIAIRTEE R TN R
FRPRHR S AR A P WAL B 1R M IR K SE 36

2019 45 A
100
(@) " —CALR
o — HCI AP

80T A —NaOH Ap
N
2
S 60r
=
2
= a0}
=
<

201 ‘\‘\"\'\*\-\"’\w\,

0 L L L L L L L
6 8 10 12 14 16 18 20 22
Concentration of Cd**/(mg-L"1)
100
(b)

80r
X
2
S 601
=
2
&
R »—CALR
< o —HCI AP

4—NaOH A
20( AP

0 L L L L L L L L L L
40 60 80 100 120 160 180 200 220 240
Concentration of Cd**/(mg-L1)

100
© = — CALR
e — HCI AP

801 4—NaOH Ap
X
2
8 6oy \‘\‘\‘\‘\‘
=]
B
g 40+
] M
<

201

0 15 20 25 30 35 40
Concentration of Cd**/(mg-L"1)

Bl 6 WAV R kR s R TR =R Cd™ s

Zn** . As(V)IEEIH

Fig. 6 Effect of initial concentration on adsorption of Cd*".

Zn**. As(V) by CALR and its activation products: (a) CALR;

(b) HC1 AP; (c) NaOH AP

9T 2 B, SR ATE AL = 1 Bt B 42 Js 7E pH H R 8
I, AR B B A B 538.68 me/g, W HAEEHA A
J5 K A i — I 1 B SR R B . AR SRR 3R
IR LE L, K 170 ke S AL I E] 100 m’



529 B S W

F %, B BESRHERE R EA R BRI P T 1079

@

0.8t

04 ®— CALR, y=4.89416x+0.3553, R*=0.997
e — HCI AP, y=3.56991x+0.29095, R*=0.999
A— NaOH AP, y=0.722x+0.13089, R?=0.994

02}
0.04 0.06 0.08 0.10 0.12 0.14 0.16
Cd /e
0.045 (b)m — CALR, y=1.68348x+0.00201,
R*=0.997
* — HCI AP, y=1.87972x+0.0019,
0.035 R*=0.975
= 0.025}
0.015}
A— NaOH AP, y=1.56378x+0.00196,
R*=0.998
0.005 L~ s s s s
0.004 0.008 0012 0.016 0.020
Zn 1/c
4.0
(c) "— CALR, y=4.07715x+0.40765,
R*=0.999
3.5 e — HCI AP,

y=2.17034x+0.4906,
3.0t R*=0.998

25¢
=
20t

1.5¢

1.0+ A— NaOH AP,

y=1.77889x+0.21208,

0.5 . . . R=0.99

02 03 04 05 06 07 08 09

As 1/c

B 7 SRR R CdF L 2o As(V)IF
Langmuir W P55 28

Fig. 7 Langmuir isotherm of Cd**, Zn®>" and As(V) by CALR
and its activation products: (a) CALR; (b) HCI AP; (¢) NaOH
AP

6 T IRBR TR B T I R )

Table 6 Zn*" adsorption capacity of mineral adsorbent (mg/g)"®

<5 Langmuir B4R LN G S 3L
Table 5 Langmuir isotherm parameters for adsorption of

heavy metals

Element Material ¢,/(mg-g ) ka R’ Ry

CALR 2.81 0.0726  0.997 0.39~0.68

Cd**  HCIAP 3.44 0.0815 0.999 0.38~0.64
NaOH AP 7.64 0.1813 0.994 0.21~0.45

CALR 497.51 0.0012 0.997 0.80~0.95

Zn**  HCIAP 516.32  0.0010 0.975 0.83~0.95
NaOH AP 52632 0.0012 0.998 0.80~0.95

CALR 2.45 0.1000 0.999 0.74~0.89

As(V) HCIAP 2.04 0.2260 0.998 0.55~0.78
NaOH AP 4.72 0.1192  0.999 0.70~0.87

BERIEIR K, FHI T pH 8 8, £ 25°CF, W
Bt 150 min J5id SE1F BN PHE, HEZCRGEWMR
7 HR, JRRFER KA ML 8 Fin, WA XRD i
WK 8 fior

V67 R B 27 R TR 5 W B 7 9 T Ll (Lekg) 501 I
FIRFEY 1.5 mol/L WIZRIRIEW Y, f£25 CF, filht
120 min JEiJEHAME, SRERMEFTRZ 1CP w3
FER R 9 FR.

VR 1.2 SERD IR 2 AR S AL
TR, % RSB A IR K, AT
7= B P A R A E A 1 R K A B A5 R 3k
10 frws

R 7 18 mlhn, SN =X B A R
K Zn* . Cd*. Cu*. Pb* . As(V)EAT KLU
ROR, WA A RIA 10.29%, BT R, BT
S B RAS N 1.39 J0/m?, R E N 1.84 kg/m’s
it AT A AT iR B R AR Sy 1.83 Jo/m’, R
M 3.0kgm’, RTZEMAM., FkED, THFEH,
BA RIFMAF B M. HE 8 i, &
AATEA =R I E S8 5, HEEEEZWMN
CuALO,. ZnALO,. CdALO,. Pbs(AsO,);0H. Cu,Al,-
(AsO,),(OH)4 H,0, X5 2.2 #F 4 R—2L.

HE 9 10 "IAL, SRAHSEAIEL 1) K
A SR ARSI = A BB R R K, AR R K FIA

Goethite  Manganese hydroxide Aluminum hydroxide Hydroxyah.lmin.um- . I.Llydroxylalumi.num.
colloid montmorillonite silicate-montmorillonite
45.58 41.84 47.64 33.96 50.43
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Table 7 Main chemical components of adsorption residues on heavy metals (mass fraction, %)
(0] Si Al Zn Ca Ti Na Cd Cu Pb As
31.95 18.44 15.14 10.29 5.39 5.72 3.67 0.40 0.25 0.78 0.15

8 ALAMNE YA PR R K R B R AR
Table 8 Material consumption and cost of treatment in zinc

metallurgical wastewater by NaOH AP

Consumption/  Unit price/ Cost/

Material ~ ~ _
e (kgm?)  (yuankg!) (yuanm)
NaOH AP 1.7 0.67 1.14
Sodium hydroxide 0.08 3.00 0.24

¢ — Pbs(AsO4);0H
x & — CuA1204
¢ — ZnA1204
X— CdALO4
,— CUQAIQ(ASO4)2(OH)4H20

201(°)
8 HEJEW A XRD ¥
Fig. 8 XRD patterns of adsorption residues on heavy metals

F9 BB EETRESE
Table 9 Main chemical components of hydrochloric acid

desorption solution (g/L)

Cu Pb Zn Cd Al
0.36 0.59 8.89 0.50 3.6
® 10 ST R R S AN AL M AL B

TR K Tl s 45

Table 10 Industrial experiment results of treatment in zinc
metallurgical wastewater by NaOH AP and regenerated NaOH
AP (mg/L)

Concentration/(mg-L™")

Water quality
Cu Pb Zn Cd As
Wastewater 1.68 13.12 147.00 15.14 1.56
Wastewater treated by
NaOH AP 0.01 0.05 052 0.03 0.02
Wastewater treated by
0.02 0.04 1.00 0.05 0.16
regenerated NaOH AP

GB(25466—2010) 0.5 1.0 2.0 0.1 05

B CHY. BT R HE PR ME) (GB25466—2010)H %
Tifahs . W PRS2 05 SRR I, S A FRE A T
Az, FLR PRV RE S SR AN TS A P R B RE— B
R FE IS 8.89¢/L, S EF 1A A IR K BHIK T LU
BT 60 fF, WEIEMEE, SCHL AR ANE.

3 Z5ip

1) AR R 22 2 R AN S AL NS AL S 45 1
B BpRAE N JZR . BREIR i . ShERTE AL )
AEMNTEA IR AR 209 21.8, 63.1. 28.1
m¥/g, BIH L4245 %14 36.06. 43.54. 236.35 nm, 4L
HAHIH 0.03. 0.09. 0.14 cm’/g , KiARZ 5N 7.72.
7.45 A1 7.75 um. SEALENIE AL 2 H A R O
AI(OH)s, FRLR A HIZRIMA -

2) 7E pH=8. WLFHEER 25 C. WFASE 2 150
min B}, F4E Langmuir W% P45 25 07 21T A5 2884
R R Cd*L Zn®ty As(V)FRBAB AN &2 BN
2.81. 497.57. 2.45 mg/g, ThERTEILF=MI%T Cd**\ Zn*",
As(V)EE RN B 5 73701 3.4 516.32. 2.04 mg/g,
SEAENEAL T CdY . Zn® . As(V)IFR 1S T A,
MM 7.64. 52632, 4.72 mg/g. SEALMNIHEL
FEPIN 4 LA R R B R

3) SAAENIE AL P A B VA R IR K Tk SE 56
R RAAENE =Y B ERE IR K, S
& X E WM N CuAlLOs . ZnALO, . CdALO, -
Pbs(AsO4);0H. Cu,Aly(AsO,),(OH), H,0, Wi f
AR FHERAE . K Cu®'s P, Zn*', Cd*.
As(V)IKFEHT 1.68. 13.12. 147.00. 15.14. 1.56 mg/L
%2 0.01. 0.05. 0.52. 0.03. 0.02mg/L, iEF| (4.
BEyG Y HE bR HE ) (GB25466—2010), ALFREEAS Jy
1.39 Jo/m’, JRiEEN 1.84 kg/m’,
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Activation of calcium aluminate leaching residues and
their application in treatment of zinc metallurgical wastewater

LI An', ZHENG Ya-jie', PENG Ying-lin?, ZHAI Xin-ke', LONG Hua'

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

Abstract: The calcium aluminate leaching residues(CALR), which were from the process of polyaluminum chloride
production, were activated by hydrochloric acid and sodium hydroxide, respectively, and the adsorption properties CALR
and activation products on heavy metals in zinc metallurgical wastewater were researched. The change of structure,
specific surface area, pore structure of CALR and activation products were investigated. The effects of pH value,
adsorption time and heavy metal concentration on its adsorption performance were analyzed. The industrial experiments
were also conducted with NaOH activation products(NaOH AP). The results show that the structure changes from island
to layer after CALR are activated by HCI and NaOH. The specific surface areas of CALR, HCI activation products(HCI
AP) and NaOH AP are 21.8, 63.1, 28.1 m%/g, respectively, the BJH pore diameters of CALR, HCI activation products
(HC1 AP) and NaOH AP are 36.06, 43.54, 236.35 nm, respectively, and the pore volumes of CALR, HCI activation
products (HC1 AP) and NaOH AP are 0.03, 0.09, 0.14 cm®/g, respectively. According to Langmuir isotherm, the saturation
Cd*, Zn*, As(V) adsorption capacities are 21.8, 497.57, 2.45 mg/g, respectively, the adsorption capacities of HCI AP are
3.44,516.32, 2.04 mg/g, respectively, and the adsorption capacities of NaOH AP are 7.64, 526.32, 4.72 mg/g, respectively,
when pH value is 8, the adsorption temperature is 25 °C, adsorption time is 150 min. The industrial experiment results
show that the chemical adsorption is in possession of adsorption process and that the concentrations of Cu®’, Pb**, Zn?",
Cd*, and As(V) in zinc metallurgical wastewater treated with NaOH AP decrease from 1.68, 13.12, 147.00, 15.14, and
1.56 mg/L to 0.01, 0.05, 0.52, 0.03, and 0.02 mg/L, respectively. The water qualities reach up to the “Emission Standard
of Pollutants for Lead and Zinc Industry” (GB25466—2010).

Key words: calcium aluminate leaching residues; activation; hole structure; zinc metallurgical wastewater; adsorption
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