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Adsorption—desorption Characteristics of Dissolved Phosphorus on Surface of Copper Mine Tailings
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Abstract The research using ecological restoration method to resolve abundant cumulate mine tailings is becoming a hot spot, however, the
bioavailable phosphorus utilized by vegetation in the mine tailings is relatively low. The adsorption and desorption characteristics of dissolved
phosphorus on surface of copper mine tailings was studied on the view of phosphorous bioavailability. Furthermore the effect of mine tailings
on the process of ecological restoration was explored. The copper mine tailings samples from Tongling tailings reservoir were used as adsorp—
tion material to adsorb phosphorus from solution prepared with KH,PO, concentrations. After washing the equilibrium solution twice with sat—
urated NaCl solution to remove dissociative phosphorus and adding CaCl, solution to proceed desorption experiment, the phosphorus concen—
tration in equilibrium was determined by spectrophotometric method and the equilibrium adsorption capacity and desorption capacity were
calculated. Both adsorption and desorption processes were shaken for 1 hour, maintained the equilibrium for 24 hours and then centrifuged.
The adsorption isotherm experiment, using a series of KH,PO, concentrations with pH 7, was conducted to vibrate for 3 hours under constant
temperature 25 °C . The result indicated that the adsorption isotherm data were preferably described by both the Langmuir and Freundlich
isotherm models. The adsorption capacity with the free ferric oxide, crystalloid ferric oxide, chelated ferric oxide and loss in ignition of copper
mine tailings was highly significant positive relation, but the highly significant negative relation with pH. The adsorption capacity of A layers
for every plant community was lower than that of C layers. The average maximum adsorption capacity of copper mine tailings on phosphorus
was above 0.85 mg- g™, and the average maximum adsorption capacity of oxidation layers under cogon community of Tongguanshan tailings
reservoir was 8.66 mg-g™'. The average desorption rate of adsorbed phosphorus was less than 5%.

Keywords copper mine tailings; phosphorus; adsorption; desorption; iron oxides

(1

2010-03-04

863 2006AA067359 FeS,
070415208 Fe3+\FeZ+\ Caz‘r\AP*
1986— Bl
o E-mail zhanghuiw86@163.com

E-mail sunqingye@ahu.edu.cn s



29 8 1543

Bl 0.5.10.15.20.25.30.40.50 mg-L"'
<1.5 mg-kg™ ©
0.100,120.140.160,180.200 mg-L™", 3
o h
N - o o
2 100 mL
1.00g 60 50 mol - L' P
N KH,PO, 1 h 301 C
o 24 h,
[1110
1
1.1 30 mL NaCl
17 a 2
30 a 50 mL 0.01 mol L' CaCl, 1h
4 5 301 C 24 h,
x  x =0.5mx0.5 mx0.5 m 5
1 ) iy
1.4
=10 emx10 ¢cm Excel ~ SPSS10.0
o Tukey
A TIA .C1 P=0.05 Pearson o
TIC1 Tlpan A Langmuir . Freundlich
YIA (Cl YIC1 Cc2 YIC2 o
A YHA (CI YHC1 Cc2
YHC2 A 2
YZA .C1 YZC1 C2  YZC2 2.1
0~2 em YBC1 2~10 em YBC2 1 pH=7 2
56 4 o o 1 Langmuir
N Freundlich
° o pH=7 A.C1.C2
1.2 O 0.86.1.05.1.05 mg-g”
Fe, - A.C1 TIpan Qe
e Fe, 0.85.1.09.8.66 mg-g™, A
N Bl Fe, C1 c2
N el =Fe,~Fe,, C2
pH pH : =1g2mL M TIpan
550°C 6h ol o
1.3 N
1.00 g FeS,.CuS.ZnS 5 12
250 mL 50 mL N 1214 pH

HCl NaOH pH 7.0  KH,PO,



2010 8

1544
N C1 C2
N Y C2
180.01 ~291.77 g -kg™".1.26~11.49 ¢ -kg™.16.16 ~ Cl1 C2 Cl1
51.81 g-kg™.9.72~50.55 g -kg™ 23.98~128.80 mg - °
kg_l N N
N 73.47~ 3 YIA . YIC1 YIC2
118.73 g-kg™.3.63~13.58 g-kg™.5.46~18.90 g -kg™', F Value =4.403 Significance =0.046 YIC2
0.38~7.77 g-kg™ 12.36~59.34 mg-kg™', [ 0.813+0.113 mg-g™']
YIA[ 0.643+0.076 mg-¢™'],
r=0.459 P<0.001 pH 2.3
r=-0.671 P<0.001 , 2
1 pH=7 Langmuir  Freundlich ° 2
Table 1 The constant of Langmuir and Freundlich on pH=7
) Langmuir Freundlich A €2 F
Horizons Quu/mg g™ B/L+mg™ e K 1/n el Value=1.112 Signlﬁcancezo.370
YIA 0.86 0.04 0842 005 0.68 0936 G2 A
YICI 1.05 0.06 0.962 0.09 0.59 0941 FValue=4.710 Signific(lnce:o_oél-o
YIC2 1.05 0.45 0.997 0.42 0.27 0943 2 C1 F Value =3.011 Signiﬁ—
TIA 0.85 0.03 0.947  0.04 0.69  0.984 cance=0.100 c1
TIC1 1.09 0.03 0.815  0.02 1.03  0.895 L
- C2  FValue=0.520 Significance=0.498 .
Ilpan 8.66 0.38 0.999  3.80 0.23  0.927
2.2 ~, 10F
1 & 09F #
4 7 08f e J—
1 =S |
o S 0607 | sl
YZ E 05F L -
B 04f e
> YI > YH 'E 03F ok Ay
>YB . 3 < 02} e
A = of |
= S )
YZA 0.75 mg-g™ OVRAYHCI YHCZ — VIA VICL YIG2 YZAYZCIYZC2  YBCI YBC2
A YHA 041 mg-g™  FValue = B | AEERT ATk 7 i i U5 b
3.657 Significance=0.044 Cl1 Figure 1 Adsorption capacities of PO} from aqueous solution
YZC1 0.92 mg- g_l on copper mine tailings
Cl YBC1 043 mg-g”  FValue=12.963 & 8.0r
Significance=0.000 ga 70 i i =
E 60F —
2 sof E_LE
’ ’ 2 a0t Z
3 .
7 30r
° % 20f 7
pH 1l § 1Lo0F
O YHA YHCI YACZ  VIA VICI YI2  YZAYZC1YZC2  YBCI YBC2
° B2 FEET #ABRMERETL
3 A

Figure 2 Desorption percentage of POY from different samples



29 8

1545

C1 F Value =0.587 Signifi—
cance=0.635 C2 F Value=7.149 Significance =
0.005 . pH

Fe-P o

[16]

17

pH ) 8
pH

pH
|15]\ pH

N

P<0.001 0.588.0.516

0.514,

(18]

[16]

Fe** [18]

0.86~

1.05 mg-g™! 18l

[16] [19]
N N

[20] [11]

TIpan
8.66 mg- g™ 1.

TIC1 3.0%

TIpan 1.0% .

Fe-P - Hartikainen™®

Fe-P Al-P o

.pH
\C32+

Langmuir Fre—

undlich A

[1] Belén E Ramirez Cordero, Maria P Ca™nizares—Macias. Determination of
bioavailable soluble arsenic and phosphates in mine tailings by spec —
trophotometric sequential injection analysis|J]. Talanta, 2009, 78 3
1069-1076.

2] , . [J].

,1998,14 1 21-23.
SUN Qing —ye, LIU Fu —cheng. Study on the effects of physical and
chemical property changes of copper mine tailings on vegetation rehabil—
itation in Tongling copper minel[J|. Rural Eco-Environment, 1998, 14 1
21-23.

[3] Hartikanen S H, Hartikanen H H. Phosphorus retention by phlogopite—
rich mine tailings|J]. Applied Geochemisiry, 2008,23 9 2716-2723.

[4] Lena Alakangas, Bjérn Ohlander, Angela Lundberg. Estimation of tem—
poral changes in oxidation rates of sulphides in copper mine tailings at
Laver, Northern Sweden(J]. Science of the Total Environment, 2010, 408

6 1386-1392.
(5] ) . .
[J]. ,2005,14 1 88-93.
TIAN Sheng-ni, SUN Qing—ye, WANG Zheng—feng, et al. Plant colo—
nization on copper tailings and the change of physio—chemistry proper—
ties of substrate in Tongling City, Anhui Province[J]. Resources and En—
vironment in the Yangize Basin, 2005, 14 1 88-93.
[6] . . . 1
,2000 7 26-29.
DAI Hong-wen, WANG Chun-lai, WANG Geng-huo, et al. Study of

Yangshanchong tailings pond reclaimation and establishment vegeta —



1546

2010 8

tions technology[J]. Resources and Industries, 2000 7 26-29.

[7] ZENG Le, LI Xiao—mei, LIU Jin—dun. Adsorptive removal of phosphate
from aqueous solutions using iron oxide tailings[J]. Water Research,
2004,38 5 1318-1326.

(8] . . . 1

,2008,30 5 15-17.
KONG Li-xi, XUE Feng, CHEN Li-li, et al. Adsorption of phosphate on
copper mine tailing samples|J]. Environmental Pollution & Control,
2008,30 5 15-17.

[9] . [M]. , 1985 241-268.
XIONG Yi. Soil colloid[M]. Volume Two. Beijing Science Press, 1985
241-268.

[10] . [M].

, 1978 132-150.
Institute of Soil Science, Chinese Academy of Sciences. Analysis of
soil physio—chemistry properties|M]. Shanghai Shanghai Science &
Technology Press, 1978 132-150.
[11] , . . -
[J]- ,2003,34 1 40-43.

LU Ying, GONG Zi-tong, ZHANG Gan-lin. Phosphorus forms and ad—
sorption—desorption characteristics of urban soils in Nanjing[J]. Chi—
nese Journal of Soil Science,2003,34 1 40-43.

[12] Deopker R D, O’ Connor W K. Column leach study 1 Heavy metal dis—
solution characteristics from selected copper mine tailings [J]. Mine
Water and the Environment, 1991, 10 1 57-72.

[13] Wiertz J V, Marinkovic F A. Dissolved pollutant transport in tailings
ponds|J]. Environmental Geology, 2005,47 2 237-240.

[14] Forsberg R G, Ledin D W. The physical, chemical and mineralogical
properties of three cemented layers within sulfide —bearing mine tail—-

ings|J]. Journal of Geochemical Exploration,2002,76 3 195-207.

[15] . ) ,
[J]. ,2005,42 1 37-43.

SUN Qing-ye, REN Guan—ju, YANG Lin—zhang, et al. Effect of natural
plant communities on soil enzyme activities in deserted copper mine
tailings dumps|J]. Acta Pedologica Sinica, 2005,42 1 37-43.

[16] : : 1]

,2002,20 3 313-318.

LI Ming—rui, SHA Li-qing. A primary study on phosphorus adsorption
of forest soils in Xizhuang watershed, Baoshan Yunnan(J]. Journal of
Mountain Research,2002,20 3 313-318.

[17] . . . 11

,2008,27 5 600-604.

JIANG Feng—juan, TAN Jing, SUN Qing-ye, et al. Oxidized copper
mine tailings and its adsorption on phosphate from aqueous solution[J].
Environmental Chemistry,2008,27 5  600-604.

ns; L. 1l

,2008,24 4 63-67.

WANG Yong, XU Ren—kou. Role of variable charge soils of removing
phosphate from water body through adsorption[J]. Journal of Ecology
and Rural Environment, 2008, 24 4 63-67.

nop 1l

,2002 1 46-47.

LI Wen—xiang. Preliminary study on the adsorption characters of soil
phosphorus and buffer capacity of some yellow soil forming rocks|[J].
Soils and Fertilizers, 2002 1 46-47.

[20] , )

[J]. ,2003,34 5 418-421.

SUN Quan, HAN Xiu—yun, GUO Xiao—ning. Study on phosphorus ad-
sorption and application by the major soils of Ningxia[J]]. Chinese Jour—

nal of Soil Science,2003,34 5 418-421.



