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JNTERBCA A, e LB ALK 4T, Cd (D) 5%
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PR e | e R B e SR A 2 A
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B M 0. 42 mg/g, Malena Cabranes %7 fii il NaOH
MPERT S B B X Cs ™ 1Y 22 B 0 B R 849% Al
89% , UG I TR A T iR 2. 045 me/g, WFEE
2B 1 mol/L NaOH IO BB ERA CRLE N 0. 178
mm) HEATIEIL 80°C fiNF 2h it uE EVE TR RS X
100 mg/L 4@ &+ A7 B 25 B g, i 1 /s il ek
PEB AR Cu®*  Cd* Zn®" =R 48 B T 1 ok
W B 43 B35 21 11.38.9. 15,10, 16 mg/g, M. Kro'l
VUG B ER A R A T AT R G I B A D Y
Na— X ¥ £1, X} Cd ( 1) #4725 B o 0% B &2 AT 3k
1 106. 88 mmol/kg, X1 A { FHAR G FL 22 BR A $2 4L T
BRI RE . BEREA BN E AR LT KR
BOR e R B RS B — B I R BRACE B ARAF
TEAE R PR B A I v BEAIR R S S in a5 R ) R
JCI Ca( OH), BE/R M ETITEE 4|, Hik 1 518.92
mg/g BRI AT AR, I FRATA L2 & —Fh
RENS = AL A 2 A B IR A FE AR,

BUBE ) A2 2 7 = REBR S (VR FH R, X o i 4 7
BYY) AR X Y 0 AR ) S5 A EA TR IR B 4 T
PR S I A AR Re i A ) s 6 A R A el e 3
— SN F KR AR AR AU, TS EA R A e
YIS Y A, X ) F LA 7 1k 2 B AT A1
AT REERES |l RSS20 IR JF S5 IR TR &
PR EER X IEBERR AR | T | 5E R K R
ik 91.2% 89.6% 93.73% .

ARICGE T Ca(OH),  CaCl, 5B R A — L BREEAE
FH il 28—l 0 R R 0 6 2 28 i A B8 A i &R
AR SRR KR E 4R Cd( D) MR R ERR, AL
BB S E R R R R AR L T — R
B4 SELES SN v AL T 4 K R - S e B
HEME X,

1 RATRLS i

1.1

PEAEESE A TEH ERMEZ RS K2
PR IEA T 1T B0 F I AL B 5E 2 X S 2R 98 e X
(XRF) XF 2 B A 27 o AT I 0 B, 4 2R ke 1
Fi7s :Si0, & 70.93% , AL O, & 13.00% , bek &
6.30% , 854 /DR CaO Fe,0, MgO K,0 Na,0 %
EIRAMY A AThE S AEAEREE KA IR

R1 B

Table 1 Chemical compositions of perlite

W4y Si0,  ALO, a0  Fe,0,  K,0  Na,0 Other
Gft/%  70.93 13.00 0.99  0.73 4.5  2.66 7.10

LB BT (N WLE A BB

IR . S LS (Ca(OH), ) L KA UL 45
(CaCl, - 2H,0) ,8/3 /KA L 4% (CdSO, - 8/3H,0)
AN B4l K B 4K

RIS #5 15 & . A7 B BRI AL ( Pulverisette — 7,
Fritsch, Germany ) , ## X A7 5% XRD, D/MAX —
RB, Japan) , X 4 9 %% {1 ( XRF, Zetium, Hol-
land ) , f# BL - 21 SN G35 A (FT - TR, Nicolet6700, A-
merica) ,SEM/EDS( Zeiss Sigma 300, Germany ) , J5i
Wi ( AAS — 6880 , Shinmadzu , Japan )

1.2 Fix

1.2.1 HEF&FE

i e 4645 ( CaCl, - 2H,0) FEATHET b 3 L 55
BRIk 4t oK SR EH CaCl, [Ca( OH), S Bk A4
—ERY LB (Si  Ca BEJREE A 1 2 2) PN TEREERE I
ST 2.0 g, BREEHE 3 R 600 /min, BR B[] Ky
1 h,

Cd( 1) i#F# = CdSO, - 8/3H,0 iR FI L&

R Tk

IRIG A 7E H IR R 984T, 78 100 mL 100 mg/L Cd
(D) WP B S 2 2R S 5, TR bt LU
400 v/min FEH N 2 h J5 B EE RS TR uE

SR AAS XFREAR RS Cd () B3 W 45
i, B UG C,(mg - L' ), Ab B E )R C,(mg -
LY, cd( ) EBEEW=(C,-C,)/C, *100% , %
Bt g(mg - g7 )—FF 58 Ca( OH), WFHAY Cd( 1) 11
i, ISR ED BREERES N 5 5k
7 XRD FT - IR \SEM/EDS “§ 73 il i,

2 HBR545M

1.2.2

2.1 MR Cd( Il ) iR%

2.1.1 Ca(OH), : CaCl, BE/R Xt Cd( Il ) H&

220

FEMFE IR Sio0 Ca BEJREL R 1 0 2 AT 4%, 17 %8
5T Ca(OH), Fl CaCl, /A [ e Eb il £ A4 FE i X5 Cd
() EBRmsgm, 2558858 % 8, B3 A R X Cd
(D) W EBRRNA 1.4% , FHTE2EHRAEH BX Cd
(I0) M ELBRBEIAT R, SIS I FAT CaCl, (1 :0 :2)
i, SEER AT X, Cd () R EA R,
B 1(a) s, MERE S H Ca(OH), Ho il % 2 i bl
K,Cd( ) BTG pH AR & i LTt
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TR A BRI LB B S R Cd () BT <175 -

XA ULEIREE Ca( OH ), oA (438 i, A i v i 125 1
Ca(OH), Wiz, B 1(b) h iR, MiEHRMFIh Ca
(OH), FLfi iz s R, % Cd (1) W B Se 3 s
W FEREJRIA 1 21 0 1 AbIKF B K(E 1 372,70
me/ g, WL 2 N J5 1 pH AR T 8. 76, 1 H K HE K
) pH ZoR , Bi% Ca(OH), 7 LRSI, SOV HT Ca®*
W B T REAS , BERE VLR 2 Ca(OH), B ETE T2
B b IOV A Ca®* (R HE o 5 1 i B S [
FER AN, BERAAE N R Ca’t T fiES e b AT T
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H122.92 mg/L, TEE/RI 1 < 1 2 1 B HG S50 T RE i
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0.054 25 mmol,,Cd*" ZBEAYEE /K &M 0. 067 11 mmol,
XWUFH Ca®* 5B T mI e, 78 Ca(OH), 5
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Rl BRI, FE S R o1 0 1
EATRE i B 1 5

v—RhG
" R
80 F

(a)

Removal rate of Cd™ /%
=y
pH

1:0:2  1:0.5:1.5 1:1:1 1:L.5:0.5 1:2:0
Si:Ca(OH),:CaCl,(mol)

1800 = T
- =_(b) Y IREEH
1600 - ~ WS

ge)

400+ - ~
1200 '
1000
800 |
600
400

200

Adsoption capacity of Cd* /(m

1:1.5:0.5 1:2:0 .
Si:Ca(OH),:CaCl (mol)

1:0:2  1:0.5:1.5 1:1:1

B 1 Ca(OH), : CaCl, AIFEEI/RLA Cd( 1) LBR*% pH
(a) ;Wb Ca® VREE (b) BEMA (Si:Ca BE/RIL A 1 2 2)

Fig. 1 Effect of different molar ratios of Ca( OH), : CaCl, on
the removal of Cd( Il ) and pH(a) jthe adsorption capacity of Cd
(1) and the concentration of Ca®>* ( Si:Al molar ratio is 1 : 2)

2.1.2 %k pHAEST CA( Il ) HBFm

VW) pH X 42 8 I AFAE I 2 DL B e 24 (1) 25
PRECRA & HHE R, F R TR FEWRI LG pH 2%
R (pH AE 2 ~7 ZI0]) Hl 25 AW B FAAE L (1 2 1 2 1)
XFCd( D) iy £BR, RERZS R WA 2 IR, B8RPG
pH 22 5% 3 Bf,Cd ( 1T) 1 25 BRFHA, 5 W 1 1 5
N O R (O =SB AT vabi Kl 187 N LSS
AR Ca(OH), LI & CaCl, Joik &/ E Cd
(D) MPEM ., Mw0lh pH k4 B, RBRRILF] 66. 1% ,
Bl PTG pH 2T 0, 2B R AT g i, (A3 fin
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IR IRE]T pH HEBOPR HE, R HZ R St o] DLRIE R
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Fig. 2 Effect of initial pH value on Cd( Il ) removal

2.1.3 #HmMEXN Cd( Il ) ERBZ M

WEL3 R LUE ) SR AL S [ Si: Ca(OH), :
CaCl, =1 : 1 :1]MHMEM 0.05 o/LIEM=E0.35 g/
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0
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Fig. 3 Effect of sample dosage on Cd( I ) removal
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A HARRIETE, B B R B & o
SRS AR R B A S BN S AR, 7E 0.2 o/L 2
I A W B RS B TR KAE 1 456. 05 mg/g, X4 R
MR pH WAAT 8. 74, LA KA, BEHL 0.2 ¢/L
SR EEs )=

2.1.4 WERREX Cd( 1| ) BB

XARIMRE R Cd( 1) % (50,100,200 ,300 ,400
mg/L) 47 T ABRiSe ., MK S B 8dE T LUA . 78
AR 50 mg/L B, %F Cd( 1) B9 LB FEEA 100%
PRI, LG SR it 29 T 49 W 57 a5 YA 38 B 4 T 5 B
FH VIR IR BE BN, BAk Cd (1) 1Y 22 Bk R
REATG , (L2 I B 2 P 25, 10 BH 5 T 79 W8 BFF A7 551 P UK
BEIHFE , R R B AR AT, W BF B 100 mg/ L B L EL 36
BN TEKAE, WEE 0GB 1 B4 T, O 5 1 i
B pH #a THa5E , 3] B2 Cd( 1) e B Bs i, R 5 R i
B 2 B A7 a5 0% Cd (T ) T3 5 90, W8 B 5 1) 1 A A,
W PR AR Cd( ), AT S BRI I X pH
FHRE,

1800 11
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=]
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Fig. 4 Effect of initial concentration on Cd( Il ) removal

2.2 MHELSH

2.2.1 XRD 4tk
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BCd( ) Ji, 3% R iy CA(OH), MERIENE, itk
Uil :Ca(OH), SEHE LG M cd( 1) 1
TUEIE AL AR T U2 N 2 ] B ) SR AR T DE

5 (1) b v SR i e 8% B v AR AR AR A A
Wt . BRI 1 FE B4 Ca( OH), BEIE E R B A K1,
FESERAERE S 2R Y B R v W CO, 1 TR P4 07 45,
it cd( 1) TER R A R A K CdCOo, fk,
HEMBEIER . R, X525 < Co, mymfieds A B T
IR LSS ¥ W pHL,
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Fig. 5 XRD patterns of the samples before and after adsorption
reaction

2.2.2 FTIR 44k

BRIEFE A 2803 7K Ve LA B R N 5 5% Y FTIR EAE
ZERT I 6 s, 3 446 em ' Al 1 638 em ™43 HIE0 -
H P74 sl ide Fnas il B shige' | FE 200 I R i
J&7,3 446 cm ™' Ab O — H (7R 2 0 W s 7 iy 38 58
462 em ' AbH Si - O YA HPRBNIE 900 em ™' ~ 1 200
em ™" Si - O(ALSi) RO BRI 4a RSk BREE

Fin it 2 h YK LA K A B AR VA TR A BRI FTIR
HUER T 5 MR IS0 1 453 em ™' 1 449 em ™' PALH C -
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ST KRR B JE A CaCo, ,CACO, AR, X 57 5
i XRD B4R —2

LI 0 B RS B e

3461

Y

SEIEEE Sl A

447

>

600rpm/1h EEhE

Transmittance

s
"

3446

BrR

1
i
Ry
1=
[
o
1 T
[
=
=
! 1
!
I 1
rF1
1=
[
o
| 1
U 1
I 1

446

s

1 ¥

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber /cm’’
B 6 WHTER FT - IR Eli%

Fig. 6 FT - IR spectra of the samples before and after adsorption
reaction
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2.2.3 SEM/EDS ##f

B 7 il £ 0 RE i cd (T0) WA JS SEM -
EDS 734 B3 A T LAt SR i i il T
SUEAT 25 WA, RV HT BORE i 2 AL BB S 1
—, BRLIR , BAT ROR 09 H SR T AR, W RS SR R 2
F S s, T 283 2 h B9 SONE IS  DUREIROUIE S

B7 (a)fil#kES SEM/EDS 53875 (b) SONLSFfdh SEM/EDS 5347 ; () RNl Cd** T &3
(a) SEM/EDS of the prepared adsorbent; (b) SEM/EDS of the treated adsorbent; ( ¢) the EDS surface scan after the sample ad-

Fig. 7
sorbed the heavy mental Cd**

3 it

BBER A Ca(OH), CaCl, ¥ MREE/RL 1 11 1 1
HEATHLMRES | 7E 600 t/min S50F TG4k 1 h 53] 5
PARE TR £ W B A B, 7R 4R ¥ FE A 100 mg/L 19 Cd
(U)ot i 28 B R B PR BB (8 D 45 2R B
Cd( 1) iy ffHE 7T 3k 1 372,70 mg/g, IR TR e 2 pH N
8. 74, il # B fh FL AT AR R 0 W B i, SE B G () Vs
IR, AR TR AR BRI 215, T T
IR RAT, R 2 B MO e R L A I FH I

SR ERIRIR A, LA &2 T AH GG R, 2B W Cd-
CO, MKINTE T BB a R, MR N FTEHES 1Y EDS 43
BrA o] LUE W B R i BT B L 40. 29%
UK F 5 H 10.93% Y Cd JCE,Ca . Cl TR G H
B RIR B AL, MR E —E R E L i Ca* B 5 T
T34, IR FE Cd o0 2 43 A3 o T B 1 W 52 3] Cd
JCRLE I EL, XM Cd $Fa S I ETEREh L,

PRHE R A PRI TS e (R RER AL 17 (0 Ak AR
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Study on the Removal of Cd( II ) in the Wastewater by Alkaline — activated Per-

lite
JIANG Lin, HU Huimin, CHEN Min, ZHANG Qiwu

School of Resources and Environment Engineering, Wuhan University of Technology, Wuhan 430081, China

Abstract; Co — grinding perlite with calcium hydroxide and calcium chloride by high — energy ball mill was conducted to

prepare novel silicate material. The adsorption characteristics of heavy metal by the new material were studied qualitatively
and quantitatively by a set of analytical methods of XRF . XRD SEM/EDS and evaluation of the adsorption capacity for Cd
(II). The results show that the adsorption capacity of Cd( I ) may reach 1 372.70 mg/g with the grinding time of lh
and the stirred speed of 600 r/min. Meanwhile, the final pH of solution after reaction is neutral or weak alkaline. It was

greatly decreased compared with the common alkali precipitation. The preparing process and the product are environment

— friendly, providing a new idea to activate and utilize perlite and other silicate ore tailings.
Key words: perlite; high — energy ball mill; Cd( Il ) ; adsorbent

SIS oA, 0 A, MR, KO IR AR BERBOK T Cd (D) BIBFSELT]. &7 R4 5FIAT, 2021 ,41(3) <173 - 178.
Jiang L, Hu HM, Chen M, and Zhang QW. Study on the adsorption of Cd( I ) in simulated water by alkaline — activated perlite[ J].

Conservation and utilization of mineral resources, 2021, 41(3): 173 —178.
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