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TE . & T —Fh P S ALPOR AR (MPGM) , F T b s & B4 8 810 A deaifb oK. i BET, SEM K& FT-IR
EEARH R, MPCM B 2010 . KILREA | RECR RGO RAE; N, WB-I R SRR o MY, HA77E H4 R [a]
HER; ERER LUZRGERR S W B R 32 BIFSE T WRMSRI & . W10R pH (B AT ED6E MPGM W[t Fe, Zn, Mn, As (Y5200,
ERFI] 4 Fh AR B T W E /M i 77.760, 3.700, 2.789 F1 0.963 mg-L ™' W[l 4k ok 3.421, 0.574, 0.126 F1 0.034
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Purification of the Wastewater of Quartz Processing by Mineral-based Porous

Granulation Material

WANG En-wen'?, LEI Shao-min'*, ZHANG Shi-chun', HUANG Teng'
(1. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China; 2. School of

Resources and Environmental Engineering, Anshun University, Anshun 561000, China)

Abstract: A mineral-based porous granulation material ( MPGM ) was prepared for absorbing the heavy metal ions from quartz
processing wastewater. Analytic results of the MPGM were illustrated by the techniques of BET, SEM and FT-IR, which revealed the
excellent properties of multi-aperture distribution, large specific surface area, low loss ratio and so on; the N, adsorption-desorption
isotherm was type-lll with H4 hysteresis loop; the functional groups were dominated by groups of layer silicate mineral. A batch
adsorption study was carried out with varied adsorbent dosage, initial pH and reaction time. The results showed that the residual ion
concentrations of Fe, Zn, Mn and As were decreased from 77. 760, 3.700, 2.789 and 0. 963 mg-L™" to 3.421, 0.574, 0. 126 and
0.034 mg-L™", respectively. MPGM might be re-utilized after desorption by 1. 0 mol-L ™" NaCl for 12 hours, and the ideal adsorption
performance was maintained after 5 recyclings. The adsorption equilibrium and kinetics followed Langmuir and typical pseudo-first-
order/ pseudo-second-order adsorption models. Thermodynamic parameters of AG® <0, AH® >0, AS® >0 showed that the adsorptions
were spontaneous and endothermic processes in the temperature range of 15-45°C.

Key words: mineral-based porous granulation material; adsorption property; quartz processing wastewater; heavy metal ions;
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Table 1  Investigation of heavy metal ions in industrial wastewater

B W /mg-1.7! B W/ mg- 17! B Wl /mg 1!
Ti 0. 676 Cr 0.518 Zn 3.700
W 0.079 Cu 0. 083 Bi 0.032
Sbh 0.076 Fe 77.76 Cd 0.043
As 0. 963 Mn 2.789 Sr 0.230
Ba 0. 030 Ni 0. 096 Zr 0.752
Co 0. 041 A% 0.250 Z 88.118
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Fig. 1 N, adsorption-desorption isotherms and the pore size distribution curves for the sample of MPGM
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Table 2 Results of physical characteristics of MPGM
WA HeR AR EIREN A LR LR LR fLEA fitR A
R /m2 g1 Jem® gt /nm /MPa /% /%
EE 12. 00 0.067 4 22.4732 2.53 63.04 0.74

(a) . (b)BAARPeRE S, oA (a) AMET, x 100, (b) ABEHTIH , x 2 000,
(¢). (d)H850°CHFHE 3 h #Edh , Hh (o) AN, x 100, (d) FEEHIIH , x 2 000
B2 MPGM g SEM E &

Fig. 2 SEM images of MPGM
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Fig. 3 Fourier transform infra-red spectrum of MPGM
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Fig. 4 Influence of the MPGM dosage on the adsorptive capacity of heavy metallic ions
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PN MPGM Xif 4 Fh e 4 & 2 7 10 W LA , %
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&8 B T e I MR N TR ), 0. O T AR
T EA MR B A% H far BT, 242 KB B F T FE pH
TR G T P S Bt s % AH [+ i e 1) 7 4 ) 5
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Table 3 Tonic radius of heavy metals

EERET As* Fe3* Mn?* In’*

242/ pm 58 64.5 67 74

2.4 pH

FHHEEYI N 1.0 mol-L™" 1y NaOH A1 HCI I
ARt KB pH 43250 2.0 £0.1, 4.0 =
0.1,6.0+0.3,8.0+0.3 F110.0 =0. 1,MPGM ff]

K50 g- L7t AR 2.3 5. BRI iR
pH X MPGM W¢fPEREMZ 0. 25 R WA 5 Fis.

K5 & Ot &4 T, MPGM X # 4 & 5
I TR R B PR K W 4 pHL % T i T 328 ¥ 1
@4 pH 7£ 6.0 ~ 8.0 Z [ i}, F5EAK ZR 1 Mn | Fe
Ko As #aT W B 25 BRCE R BRI Mn
>Fe > As; @Zn B T4 pH 4.0 5 pH 10. 0 [t
LR AN IR RSP . X T Zn(OH), J& T
PEEEAY T i, S pH (ER Zn (19 25 BRA 32
KT R THEE M ES R &S IR R R
Bl % P T AR L0 RS A AR ZnO5 BRI
MPGM W {4k

Z T pH AR THRK RSB0
Fbk, EFEFEFA 3 5. Oagaifb KT pH AUl
0. 14, ILE/NERRAY HY MR &, 5 5 5 4l MPGM
(NGRS F T MPGM Ak A 35 44k % K, B it
H 4R BT L BRI AR (Al 3) | SR 4
FHEEK T RIaG pH, H e EE 5 LT 98T 1%, 0 1Y
85 5 I B O AT B 5 QR R T 2547 T 4 )R
B2 A A AR A I OO R e i
BE pH B3GR, B 1 18] M B 38 VR s Y @
G B FAE—E pH KT, &7 A E AR TTTE,
Wi E 4 J o0 28 N VRORR % B 22 [ AH 5Bk, Y4 pH
M 0. 14 Z ETH3) 10. 0 B, BEK S48 TR R T
W5 I IRG R, A 4 e S A T vE B ke, 5.
ANT) 4 T 1 i AR AR T R R R AR
(K,) AT M™* 5 OH ™ 456 IF IR TTIE AT
TESEARRTR pH 225 TEILE 4.

25 EPTiR , MPGM W B o 43 & &5 I, IR 00 1R
pH 7 8.0 +0. 3 B HidEH.
2.5 W BHFEsk R 5

W BFF s 1) X Sl A 7K o 4 S 8 1 2 PR Y
SEMR) (Y S L I TE] 43 ) 20, 40, 60, 80, 100,
120, 140 . 160 min). Z5%E 6 s,

&l 6 T H, MPGM Wi A7 S 4l Ak & K vh 4 Fif
4 S 5 1 it R B0 s () 398 A b - 2 o s S A
S W B SR A AT 22 57 AE RV B T80 min P, T

R4 SELDTUEMEMBEE pH HHE
Table 4 The pH characteristics of settled and dissolved hydroxide

SR DLTE R R Y pH

L5 0 pH

. y— yR— 9 N UREFF R IR i RERH AR
AL D, I CBRETT T LE P U
" » s 2 ey SE4 (K,)
1.0 mol-L 0.01 mol-L <10 “mol-L7")
Fe(OH), 1.15 1.82 2.82 14 — 2.8x107%
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Table 7 Thermodynamic parameters for the adsorption of heavy metal ions on MPGM
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