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Removing copper ions from wastewater by Cu/Mg/Al-LDH prepared in-situ

FAN Ming-de!*2, CHEN Tian-hu? and PENG Shu-chuan®
(1. College of Environment and Resources, Inner Mongolia University, Hohhot 010021, China; 2. School of Resources and
Environniental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The layered double hydroxides (LLDHs) were in-situ prepared by hydrolyses of copper, magnesium,
and aluminium ions with sodium hydroxide solutions for removing copper ions from wastewater. The effects of
medium pH, magnesium/copper molar ratio, reaction temperature and time on the removal efficiencies of copper
ions were investigated. The results show that the removal efficiencies are significantly affected by the medium
pH, and the removal efficiencies are more than 99% in the range of pH 8.0~11.0. Other factors have slight
effects on the removal efficiencies. X-ray diffraction analyses of these prepared LDHs indicate that their layers
are composed of copper, magnesium, and aluminium ions, and the copper ions are removed at the crystal forma-
tion stage of these LDHs. These Cu/Mg/Al-LDHs are formed by stepwise hydrolyses from aluminium to copper
to magnesium ions, with the suitable pH value being 9.0.

Key words: layered double hydroxide; copper ion; wastewater; removal efficiency

Araya et
al. 2001
2009 2003
Sarioglu et al. 2009 Zhang

2011 -11-25 2012 -02-08
2010BS0606 101012615
1979 - E-mail fanmd99 @126. com



448

31

2011

et al.

Ferrah et a/. 2011
Jiang et al. 2008
Marshall and Wartelle 2006
Venkateswaran et al. 2007 Ottosen et
al. 2006 2008
2009
Watanabe et al. 2001

Layered double hydroxide

LDH
2005
LDH
M M2Y OH , *" A", - mH,O Brown et al.
1967 \Y/CR Y e
An* T M3+ M2+ +M3+
\YGRE\Y/ G
LDH
[.DH
LDH Cu*"
Jahn-Teller LDH
Cavani et al. 1991
Cu*?
Cu*”" LDH
Cu*" LDH
1
1.1
PHS-3B pH HJ-3
SHY-2 LD4-2
4000 r min 722E
D MAX-RB X X
Cu Ka A=0.154 nm 40 kV
100 mA 4°20 min Cu®”

Cu NO3 > 3 Hzo

1.2
LDH
C2t C2t Mg2+ AR
3 LDH
Cu*”" LDH
LDH
2003 Mgt APR*
CU2+
500 mL 10% NaOH
pH
Cu?* 2005 Mg " 1999
APY 2000
70°C 24 h X XRD
2
2.1
2.1.1 pH Cu*”"
Cu2+
100 mg L 2000
Cu*" 100 mg L Mg?" 6.4 mmol
AP 3.2 mmol 25C 2h  8.0~12.0
pH Cua**
pH
Cu?t pH Cu?t
pH  9.0~11.0
99.97% +0.0029% 1 pH 9.0~11.0
Mg®>" APY 98.09%
+1.64% 87.81% +8.38% LDH
Cu®" LDH
XRD pH
LDH

003 006 012 015 018 110

LDH
Cu?™*
LDH pH
pH 12.0 Cu*" 1
LDH

Cu**



3 Cu Mg Al Cu?’ 449
99.98 2b~
:I d pH 8.0
il pH
99.97 $ pH 8.0~11.0
ES 2.1.2 Mg Cu Crt
";“2 LDH
#9996 -
x 0.2~0.4
LDH Refait ez al. 1997 Mg+ Cu Al
0005 | 2 AP 3.2 mmol pH=9.0 25C
2h 1~4 Mg Cu
él ce?t Mg Cu
8I.O 9'40 1(').0 1540 12.'0 Cu*” 1~4
piiE Ca?* 99.98% +
Lol ot 0.003 6%
Fig. 1 Effects of pH value on Cu?* removal efficiency Mg'" + Gt AR
2 a 0.33 0.2~0.4
- LDH Cu*”
E Lo XRD LDH
3
Cu** LDH
SH 8.0 LDH XRD
3
DI 9.0 Cu®” LDH
Jahn-Teller Cu?™ 3d’
c pH 10.0 LDH
d LDH
pH11.0 Cavani et al. 1991
e pH 12.0 Cu?”
0 10 20 30 40 50 60 70 80 Mg Cu Cu*” Mg**
20/° Jahn-Teller LDH
2 pH LDH Cu?* AP
XRD
Fig. 2 XRD patterns of LDHs prepared in-situ 2.1.3 Cu**
at different pH values Cu?t 100 mg L Mgz *
6.4 mmol AP 3.2 mmol pH 9.0
Cu?t 2e
pH 8.0 pH 9.0~11.0 C2* 2
Cu?”’ pH 8.0 Cu** h  25-80C Cu?t 99.95%
99 % pH +0.0028% 25T 1—24 h Cu?*
pH 8.0~11.0 99.96% +0.003 1%
pH 8.0 2a pH 9.0 XRD LDH
10.0 11.0 XRD 4 25C LDH XRD



450

31

L(003)

L—LDH
G—=/XK$FR

HAE=1

=2

AE=3

3 Mg Cu

20/°

XRD

Fig. 3 XRD patterns of LDHs prepared in-situ at

different Mg Cu molar ratios

LDH Jahn-Teller
LDH 5
113
S5b~e
LDH
25T 1h
2.2 LDH
LDH

LDH

4a
LDH XRD
4b~d
Cu?™*
LDH
1 h XRD
Sa
XRD
c??

Cu*"

g
=
L—LDH
G—=KE#R
o
S
=
a
2@ = sa
=2 3 ==
= = st
a 25¢C
[
b
40°C
‘ G
C
60°C
d 80°C
0 10 20 30 40 50 60 70 80
20/°
4 LDH Cu**
XRD 2h
Fig. 4 XRD patterns of LDHs prepared in-situ at different
reaction temperatures for 2 h
g
=
L—LDH
G—=Kk¥A
& a
3 s
= T~ ~
o P Sa
s 2 She
5 g S
a
1h
b
2h
¢ 4h
G
d 8h
(¥ 24 h
L L L L L L L L J
0 10 20 30 40 50 60 70 80
20/°
5 LDH Cu?"

XRD 25T
Fig. 5 XRD patterns of LDHs prepared in-situ for
different reaction time spans at 25°C



3 Cu Mg Al Cu?* 451
Cu®* Cu** Mgt APR* Cu Mg Al
LDH LDH
pH LDH 2.3 Cu Mg Al LDH
Cu*” Cu Mg Al LDH
Cu*” Cu®”* 6.4
mmol L. Mg NO; , Cu NO; , Al NO; ;
Cu?* Cu Mg Al=6.4 6.4 6.4 mmol L
500 mL 0.5 mol L NaOH
cu?t LDH pH NaOH
6 Mg NO; ,
LDH LDH pH 10.0~10.6 Cu NOj ,
LDH pH 5.1—~5.4 Al NO; ;
Mg AI-LDH Cu Al-LDH XRD pH 4.1~4.6 Mg OH ,
1 doos LDH CuOH, Al OH ;
3 LDH 4 1 pH 4.1
NO; Mg?* Cu*" ~4.9 Al OH ;
Cu A-LDH  AP* 2003 2
LDH Mg Al-I.DH pH 5.3~6.3 Cu**
Cu Al-LDH Mg®" Cu?* APR* Cu Al LDH 3
Cu™™ pH 9.0 Mg**
Mg?* LDH LDH Cu Mg Al LDH pH
a a=2d LDH
d 110 4 pH  12.0 LDH
a d 110 Cu Mg Al
Mg’ et Cu Al-LDH LDH NaOH
dio LDH APT C?t Mgt pH
dio Mg ALLDH  Cu Al-LDH APY Al OH ; pH Cu®”"
Mg®" Cu?* doos APY Cu Al LDH
Mg AL-LDH  Cu Al-LDH .
d
LDH  dooz doos L
diro LDH Mg Al i
LDH Cu Al-LDH Cu®” = 0

1 LDH
Table 1 Interplanar distances of different LDHs obtained
by XRD analyses
LDH dgo3 nm dgos nm dyjp nm
Mg Al-LDH 0.768 0.382 0.1520
LDH 0.801 0.388 0.1524
Cu Al-LDH 0.814 0.434 0.1532
M2 M3 =2 pH=9.0 25T 1 h

& Mg=6.4 mmol/L
2 Cu=6.4 mmol/L
>¢ Al=6.4 mmol/L

O Cu+Mg+Al

0 10 20 30 40 50 60 70
V(NaOH)/mL

Fig. 6 Titration curves of different solutions with

0.5 mol L. NaOH solution



452

31

pH Mg
Cu Mg Al LDH

LDH

1 LDH
pH pH

2 Cu**
Cu Mg Al LDH
APY ci?t Mgt
pH 9.0

LDH

References

Araya M McGoldrick M C Klevay L M et al. 2001. Determination
of an acute no-observed-adverse-effect level NOAEL  for copper in
water J . Regul Toxicol Pharmacol 34 2 137~145.

Brown G and Gastuche M C. 1967. Structure and structural chemistry
of synthetic hydroxycarbonates and related minerals and compounds-
Il J . Clay Minerals 7 193—201.

Cai Wenchao and OU Youjun. 2009. Toxicity of Cu?" to fish during
early developmental stages a review ] . South China Fisheries Sci-
ence 55 75~79 in Chinese with English abstract .

Cavani F Trifiro F and Vaccari A. 1991. Hydrotalcite-type anionic
clays preparation properties and applications ] . Catalysis Today
112 173~301.

Chen Haiping Zhou Lixiang Wang Shimei ez al. 2009. Recovery of

copper from sewage sludge by bioleaching-solvent extraction-elec-

trodeposition process ] Environmental Science 30 11
3364~3 370 in Chinese with English abstract .

Chen Hong Ge Changhua Liang Huading ez al. 2005. Spectropho-
tometric determination of copper with 2 7-bi 5-carboxy-1 3 4-tria-
zolylazo -chromotropic acid J . Metallurgical Analysis 25 3 55
~57 in Chinese with English abstract .

Chen Ming Ni Wen and Huang Wanfu. 2008. An experimental study
on using reverse osmosis to treat acid mine drainage of gold-copper
mine ] . Membrane Science and Technology 28 3  95~99 in
Chinese with English abstract .

Chen Tianhu Fan Mingde Qing Chengsong et a/. 2005. Structural
evolution of heating treatment of Mg Al-LDH and preparation of
mineral mesoporous materials ] . Acta Petrologica et Mineralogica

24 6 521~525 in Chinese with English abstract .

Chen Tianhu Xu Huifang Lu Anhuai et a/. 2003. Synthesis of Mg
Al LDH from wastewater of palygorsktte clay activation prepara-
tion and characterization J . Acta Mineralogica Sinica 23 3 199
~204 in Chinese with English abstract .

Chen Weiguang Yang Qi and Hu Guoyun. 2000. Determination of alu-
minium in drinking water by chromium azure S spetrophotometry
with cetyl trimethylam monium bromide J . Journal of Environ-
ment and Health 17 4 234 ~236 in Chinese with English ab-
stract .

Ferrah N Abderrahim O Didi M A et al. 2011. Removal of copper
ions from aqueous solutions by a new  sorbent
Polyethyleneiminemethylene phosphonic acid J . Desalination 269

1~3 17~24.

JiangS Fu F Qu ] er al. 2008. A simple method for removing

Ca OH ,-based replacement-

785~790.

chelated copper from wastewaters
precipitation ] . Chemosphere 73 5

Lu Ze Gong Zidong Xie Xin et al. 1999. Determination of magne-
sium with Mg?" beryllon [ hexadecylpyridine bromide ternary
complex by spectrophotometry J . Chemical Researches 10 1
51~54 in Chinese with English abstract .

Marshall W E and Wartelle L H. 2006. Chromate CrOj  and copper

Cu®"  adsorption by dual-functional ion exchange resins made from

agricultural by-products ] Water Research 40 13
2 541~2548.

Ottosen L M Lepkova K and Kubal M. 2006. Comparison of electrodi-
alytic removal of Cu from spiked kaolinite spiked soil and industrial-
ly polluted soil J . Journal of Hazardous Materials 137 1 113~
120.

Refait P Drissi S H Pytkiewicz J et al. 1997. The anionic species

competition in iron aqueous corrosion Role of various green rust

compounds J . Corrosion Science 39 9 1699~1 710.

Sarioglu M Giiler U A and Beyazit N. 2009. Removal of copper from
aqueous solutions using biosolids J . Desalination 239 1~3 167
~174.

Song Yufang Xu Huaxia Ren Liping et a/. 2003. Inhibition and eco-
toxicity of heavy metals pollution on vegetable growth in soils J .
Journal of Agro-environmental Science 22 1 13~15 in Chinese
with English abstract .

Venkateswaran P Gopalakrishnan A N and Palanivelu K. 2007. Di 2-
ethylhexyl phosphoric acid-coconut oil supported liquid membrane
for the separation of copper ions from copper plating wastewater J .

19 12 1446—~1453.
Wang Dahui  Xu Xinhua and Song Shuang. 2000. Handbook of Treating

Journal of Environmental Sciences
Special Pollutants from Industrial Effluent M . Beijing Chemical
Industry Press in Chinese .

Watanabe T Motoyama H and Kuroda M. 2001. Denitrification and



3 Cu Mg Al Cu*” 453
neutralization treatment by direct feeding of an acidic wastewater ~57.

containing copper ion and high-strength nitrate to a bio-electrochem- . 2008. J.
ical reactor process J . Water Research 35 17 4 102~4110. 28 3 95~99.

Xie Xianmei Liu Jiexiang An Xia ez al. 2003. Study on the synthesis . 2005. Mg Al-LDH
of NiMgAl hydrotalcite-like compounds J . Journal of Fuel Chem- J . 24 6 521~
istry and Technology 31 6 620~ 623 in Chinese with English 525.
abstract . . 2003. LDH
Zhang G Lin Y and Wang M. 2011. Remediation of copper polluted red [ ] . 233 199~204.

soils with clay materials J . Journal of Environmental Sciences 23 .~ 2000. S

3 461~467. 7. 17 4 234~

236.
. 1999. I1-CPB
J. 101 51~54.
. 2009. . 2003.
J. 55 75~79. J. 221 13~
. 2009. Cu 15.
- - Cu ] 30 11 2000
3364~3370. M . .
. 2005.2 7-  5- -1 3 4- . 2003. NiMgAl
_ ] . 253 55 7. 31 6 620~623.



