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Adsorption performance of Zn** and Mn”* from coal gangue leachate on
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Abstract:In order to verify the feasibility of geosynthetic clay liners (GCL) as liners material for coal gangue impoundment, batch tests
were conducted to determine the adsorption capacity of bentonites sandwiched in GCL for Zn** and Mn*" prior to using in situ. In this stud-
y, the parameters evaluated were solid and solution ratio and the pH of solution. The test results showed that the solid and solution ratio
and the pH of solution had a significant effect on the adsorption capacity of bentonite. The adsorption capacity of the bentonites decreased
50% ~90% when the solid and solution ratio increased from 1 : 200 to 1 : 20, and decreased 50% ~70% as the solution pH decreased
from 10 to 2. However, while under most extreme conditions, the adsorption capacity of bentonite was higher than that of most other clay
soils. All the test results indicated that GCL could be used as a liner material for the coal gangue impoundment.
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Fig. 1 Adsorption capacity of bentonite to heavy metal at
different soil and water ratio
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Fig.2 Ratio of adsorption capacity of bentonite to heavy

metal at different soil and water ratio to that at 1 : 200



2017 4F55 12 4

www.chinacaj.net

@2 H 28 L %45 %

LA 434 0] LA Y, 7K X I - i B
SR APERE B R, TEXTERT A b S
JEIEAT TR B B, A 1 T A A X PR <8 B D
W, B AFE AT GCL A g i 4 0 B M e PP ), 1
AR AT BRI E K AR T I Rt Qe R
3.2 A[E pH &#T GCL g+ WEL B R

{E3:

B pH X - 0 B 4 T 1 B %5 e An
3R, MR LFE,BEE B pH MIREAR (R TE
DU RSB B GCL Wi LB Wi 1, BT LA
pH & B8 Bt AT 04T |, B X 5 4
B I PR BB A T AR, X Rl RS pH Y R
i, 2B H R EAWTTHE T — s sS +
BT Zn® 1 M 55 4 0 - B6 R R T E A
B s 5, DA T AT 36 1 i - ) 5 4 R A IR 2R
—J7 1T, H VR B T 2 R SO - Bk ER 1 17 AT
B RAIC, Kt 24 il B i 0 7 4 R B
e, 740, BEE 1 B pH FREEREMK, JFORFE & pH
AR BN E 4 S S AR DTVE Y L R & R Sk
LR WIER SR N Zo® 1 Mn® |, T B A1 T 5 i
T BRI B A AR SR UL, X AR pH S F T i
R B RE R B 5 — AN R

—— 500 mg/L
12000 - —— 250 mg/L
= —— 100 mg/L
o 8000F —— 20 mg/L
§ 6000

= 4000 /»//”/—Q
T
0 = %
1 2 3 4 5 6 7 8 9 1011
pH

(a) Zn>*

12000 . —— 500 mg/L
—— 250 mg/L,

oy 10000 - 100 mg/L
8000 | —— 50mg/L
—— 20 mg/L.
6000
4000 D/O/O__’_’_,_,__a/a’_’_’_—#

2000 T e

072 3 4 5 6 7 8 9 1011
pH
(b) Mn?*
H3 AFpHAHETHELNESLRENRME

Fig. 3 Adsorption capacity of bentonite to

)

% B &/ (mg-kg

heavy metal at different pH
7% pH ZAF T L) B 4 R A W R 5 pH =
10 FF A 4 X6 T <5 Je W B 6 A LA I P 4 FT s
M 4 AT LA, 24 pH A 10 BEARE] 2 B B9 X8
10

4R B FHEFRAR T 50%~70% , ELAAFRAR g ]
T B P E SR VIR E AR T2 5, T
i R W B RE 7T B R 4 & AETE pH <8 LU,
X R RS AT 4 SR 2, HEAE B T I IR
W B 7 4 Rt A B, VT pH IR T 8 S, M
WO 4 S W B e ) BRI TR Z BT RA S X
FERIELGE 2R pH=8 E 4 Zn” Fl Mn™ JE AL
HEPTTTEY LA 45 R R I B W B oy A0, 24
B pH KT BL A, T4 8 A ALY Ui e Y L
KA I AW TR Zo™ A1 Mn™ 11 6 1%
UL,

1.0

0.8
E '
5 0.6 pH=8 o 500 mg/L
e 04 i ——250 mg/L
=z v i —»— 100 mg/L

%273 4 5 6 7 8 9 1011
pH
(a) Zn**

1.0
m 0.8
a2
= 0.6 | —o—500 mg/L
o4 PH=8 550 mg/1.
§ : —— 100 mg/L
= 02 —— 50 mg/LL

0 L ' L I L I i I I |
1 2 3 4 5 6 7 8 9 1011
rH
(b) Mn%*

K4 SpHABTHEHLHESRENATES
pH = 10 B 9 + Xt 4 B %M 2 89
Fig. 4 Ratio of adsorption capacity of bentonite to heavy
metal at different pH to that at pH 10

LNDS S TLINPY. &0 2 s i i
PERES LB pH A F LFH KR, AT A5k
R v BT 0 BT P LR BB IR, R 2 R
PE, A B 3 8 i GCL P I LW fk.
I, FEXT GCL PR L A4 B 45 Jas W BT PR REEA T VA
I W AZAEBAR Y pH 25 AT,

4 T#ENH

h T 5 H AR £ MR AT AR, T BT
GCL H it X 7 42 J () e R B it (] Lang-
muir BRI KR 12 20 pH b 2 B P&
& i SRR R A T . 2 T AR K A
1220 pH=2 [ 180, &N I A& AR 2%



OIS b TR R LA HOS BT AT B B Zn® R Mn® B B

www.chinacaj.net

2017 4F565 12 14

8 T AE T 0 L) B 4 A W P 1 e e 22,
WA T G 45 2R 5 A Bs AT e Ik
¥, Langmuir BAIRE V7 F TR 14X 2% s it
UL/ PUR B o S TN W

C. ..KC,

s, max

C =———— 2
* 1 +KC, (2)

. €, o SOy -4 B R 3 b 0 4 T W B Y BT
i, me/kg; C A R W B R 4 T 1 SR K BT
i, mg/kg; K N 5HEREA XY Langmuir %, L/ mg;
C, W B~ o) B 485 i o d TR 3, mg/ L

WL 25 SN IR 5 Fg 1 R . G TR
HIPE 28 R* AT LIE i Langmuir /7 #2053k
Lie 46/ Ip e Pt UM

2 Geit 1T 2 A BT R v H A R AR
FAJE Zn® F Mo YR B, R 2 AT LLE

oz WA EHR
o Mn> R R

22T A
4000 - - -MnZt L 4k
T 000l C24-94C/(140.004 5C)
o R>=0.999 o
£ 25T
‘5; 2000 =7 C=21.76C./(1+0.003 6C)
or R?=0.998
& 1000
0 70 140 210 280 350
BRI CA(mg L)
H5 +AH1:20fpH=2 4T E4LE

R Pt & Langmuir I & i &

Fig.5 Langmuir isotherms for heavy metals at pH 2 and soil and
water 1 : 20 plotted according to Langmuir isotherm equation
1 BHHRIELER Langmuir &34
Table 1 Langmuir Fitting parameters of adsorption results

K/ Cooma” KC, ./
EH@EE%K%IJ%1¢—F,GCL q:'ﬂé/;ﬂf]i;(j‘ﬁé‘z\}% MH K pH ([‘.mg-l) (mg-ka") (L.kgfl) ’
E‘JWW%%WEj{?EﬁEﬁ%%&%iMMO Q%Eﬁ n**  1:20 2 0.004 5 5 542.48 24.94  0.999
GCL ¢ 4 1] MR Ry AT 41 b 8 37 i e 344 2 (1) Mo 1:20 2 0.0036 604485  21.76  0.998
L N
EELE %2 FEMLTHHESROEARNE
Table 2 Comparison of the max sorption capacity of heavy metals on different soils
. o IR B (mg - kg ™) i
Fhi+2n bEE +KE E =D TN
Zn2+ Mn2+
g AT IR 1:20 5542.48 6 044. 85 ARBFE
s+ Tl gk 1:100 — 4 800. 00 SCHR[ 18]
#+ B Ybe 33111 1:100 — 7 840. 00 Hk[19]
FEAE -+ PERD + 22 A RIS IR 1:4 5 080. 00 — SCHk[20]
ARG A G BB B R 1:25 2 200. 00 — SCHR[21]
. R
5 & it
. N 22 3L HR ( References)
1) 27K HEXT GCL w1 4 1 i o0 <6 Jas 1) 1 g
ZxpE A SO S K BN 12 200 BEmE) 1 ¢ 20 (1] EOX, W 3, FRERE G A LR B R kTS fekot [T].
i B % 24 T Y W B A T 509~90% TR 2254 IR B 227, 2007, 37(2) : 326-330.
NN - PR s WANG Xinyi, YANG Jian, GUO Huixia. Groundwater pollution
JJ:I: i El;i:/fj‘ GCL EF‘ Hﬁﬁ Ylﬂ + D& I}ﬁnl‘i HEI;IZ’HI\HTJ‘ ’ mlz}g near coal wZ%te rock dump [ J]. Journal of Jilin Univer%itI; : Earth
ﬂﬁgﬁ*%*iﬁfﬂ%iﬁi‘%ﬁ E/:ijjj( Hf‘o Science Edition, 2007, 37(2) : 326—-330.
2) 1M pH X GCL H g - W i 20 4 Jas (2] # vk, BE 3R, XUBEER R A7 b B X R K 5 Uy B
REAT BT, L BN pH M 10 FEE] 2 BB Y] AEBFAE, 2003, 28(5) ; 27-30.
HTJ‘ y Hﬁﬁﬂﬂ :tXTJ'E:é*Z\E E]/\J ”ﬁMﬂL%—Fﬁ%T 50%~70% . }-’J.Ii LIAlNC. Bing, i(l,lE ?ia:g, tﬂfj Xiaoli.jnvir()nm;:lnt;?l pE(-‘:]d]ic;ion ()r;
N . %“‘ t /\ 1) oy 2= coal mine spoll ol sulp: atec or groun 'water po. ution .Journa
U ’X:E‘Xj‘ GCA]:‘ Epﬁbnﬂiﬂﬁii}%’j&w @ﬁ[ﬁ]ﬂ:’f‘fﬂﬂ:'ﬁl\ of China Coal Society, 2003, 28(5) : 27-30.
I, BZAERAR ) pH 25 R AT [3] SRACEK Ondra, GZYL Gizegorz, FROLIK Adam, et al.Evalua-
3) ED{%%E%K%IJ%#F‘F ,GCL EPH%?EJ iXﬂ-E tion of the impacts of mine drainage from a coal waste pile on the
é—z\}% 7n i Mn? E/(J ﬂlzl}ﬁ%/fﬁ ,?jﬁj(j‘[:é@ j(g ﬁ%ﬁi surrounding environment at Smolnica, southern Poland[ J].Envi-
*j*"l’ ,Fﬁ[ﬂﬁﬂ[ﬂﬁ’ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬂ}% E,:J ﬁﬁ ronmental Monitoring and Assessment, 2010, 165(1) ; 233-254.
(4] WANRIL, Sk, BORE, R BOK B TR BT A R E S 4

11



2017 4F55 12 4

www.chinacaj.net

HEMFHA

545 4%

(6]

(7]

(8]

[10]

[11]

[12]

12

BEATGYT] e, 2009, 34(1) ; 79-83.
HU Zhenqi, ZHANG Mingliang, MA Baoguo, et al.Fly ash for
control pollution of acid and heavy metals from coal refuse[ J].
Journal of China Coal Society, 2009, 34(1): 79-83.
BYRIL, SRS, THORIE, A5 R R B0 UEA T HEAT A 1l
FRAL TS e P 36 [ 7). BRI AL = B 5T, 2008, 21(5) -
23-26.
HU Zhenqi, ZHANG Mingliang, MA Baoguo, et al.Selective bac-
tericides for at—source pollution control of acid coal waste piles
[J].Research of Environmental Sciences, 2008, 21(5) ; 23-26.
IhARIE, EARBL 15 U RUR SR S AT A L B 5 T A AR A
RIRWFIEL )] AR FRFRE 240, 2014, 33(8) : 1553-1559.
MA Baoguo, HU Zhengi.Simulation experiment on control of coal
gangue pollution using sewage —sludge and fly ash covering[ J].
Journal of Agro—Environment Science,2014,33(8) ;1553-1559.
ERARI, IR, SRS, SRR I R TS Y By
TRHEARLT] MR, 2007, 32(6) : 622-625.
BI Yinli, SU Gaohua, GUO Jingting, et al.Alkali—fly ash preven-
ting technic on sulfur pollution of coal wastes[ J].Journal of China
Coal Society, 2007, 32(6) : 622-625.
R, AR, R, & ER DOBEAT £ 1) A 5
LKA [J] B, 2001, 26(4) : 28-31.
WANG Guoqiang, ZHAO Huahong, WU Daoxiang, et al.Gangue
sanitary landfill and recovering ecological environment in Huaibei
and Huainan Mining Area [ J ]. Journal of China Coal Society,
2001, 26(4) : 28-31.
IhIER , RAN A S he R = T R i - L R R A
PERZ I - B2 RERF 52 [ J]. SR BL 2 24 4R, 2010, 30(5)
1037-1042.
SUN Hongliang, ZHU Lizhong. The performance of the HDTMA -
AET modified bentonite as a sorbent for Cd and p—nitrophenol[ ] ].
Acta Scientiae Circumstantiae, 2010, 30(5) : 1037-1042.
H ORISR, Rk, XSHEH. I E + e K AL B b i RS S
JEEA[J] KBRS K TRE2I, 2010, 21(4) ; 28-33.
XIAO Liping, PAN Chunlin, DENG Tegang. Application research
and prospect of bentonite in water treatment[ J].Journal of Water
Resources & Water Engineering, 2010, 21(4) : 28-33.
MALAMIS S, KATSOU E.A review on zinc and nickel adsorption
on natural and modified zeolite, bentonite and vermiculite; exam-
ination of process parameters, kinetics and isotherms[ J].Journal
of Hazardous Materials, 2013, 252/253 . 428-461.
WTE, B, W B, SFUE X E SR TR A
WeRRPRITFE L)), L aEE AR, 2011, 42(2) : 467-470.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

HU Kewei, JIA Dongyan, LI Yan, et al.Effect of bentonite on
competitive adsorption of heavy metals ions[ J ].Chinese Journal of
Soil Science, 2011, 42(2) ; 467-470.

WP, BREE, 2T, AR E X )R
Cu®, Zn®", Cd* (YW PR SEI0 [ T]. 524, 2009, 34(6) .
819-822.

YANG Xiumin, HU Zhengi, LI Ning, et al.Adsorption of heavy
metal Cu®", Zn?*, Cd*" in Na-bentonite[ J].Journal of China
Coal Society, 2009, 34(6) . 819-822.

ROY W R, KRAPAC I G, CHOU S F J, et al.Batch—type proce-
dures for estimating soil adsorption of chemicals| R ].Washington
the United States Environmental Protection Agency, 1991.

DU Y J, HAYASHI S.A study on sorption properties of Cd**on
ariake clay for evaluating its potential use as a landfill barrier ma-
terial[ J ] . Applied Clay Science, 2006, 32(1/2) : 14-24.

K BASE B AT I o A R IR TR B AR T[]
HEEAM, 2011, 36(4) : 654-658.

ZHANG Mingliang. Utilization of fly ash for remediation of heavy
metals from acid coal waste leachate[ J].Journal of China Coal
Society, 2011, 36(4) : 654-658.

JEIRIR , XUURRIEE B S B IR IR A <5 i 8 14 R A
PELT] B4R, 2007, 32(4) : 416-419.

ZHOU Limin, LIU Zhirong, HUANG Qunwu. Adsorption proper-
ties of fly ash towards bivalent metal ions[ J].Journal of China
Coal Society, 2007, 32(4) : 416-419.

YAVUZ Omer, ALTUNKAYNAK Yal¢in, GiZEL Fuat. Removal
of copper, nickel, cobalt and manganese from aqueous solution
by kaolinite[ J ].Water Research, 2003, 37(4) ;. 948-952.
T, FERER, X, S R B T A IR R R L
WFFE[ 1] A L TRAER, 2012, 34(12) ; 2292-2298.
WANG Yan, TANG Xiaowu, LIU Jingjing, et al.Adsorption be-
havior and mechanism of loess soil towards manganese ions[ J].
Chinese Journal of Geotechnical Engineering, 2012, 34 (12) .
2292-2298.

HONG Catherine S, SHACKELFORD Charles D, MALUSIS Mi-
chael A.Adsorptive behavior of zeolite—amended backfills for en-
hanced metals containment [ J].Journal of Geotechnical and Geo-
environmental Engineering, 2016, 142(7) : 4016021.
CHALERMYANONT Tanit, ARRYKUL Surapon, CHAROENTHAI-
SONG Nanthanit. Potential use of lateritic and marine clay soils as
landfill liners to retain heavy metals[ J].Waste Management, 2009,
29(1) :117-127.





