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Abstract  
In this paper, a new method for preconcentration and measurement of trace 
amounts of nickel in aqueous samples by magnetic solid phase extraction (MSPE) 
via magnetic carbon nanotubes (Mag-CNTs) was developed. In order to increase 
selectivity, α-Furildioxime was used as chelating agent. In order to do extraction, 
optimum amount of ligand was added to the nickel sample and pH was set on 9, 
then 7 ml. of adsorbent was added and stirred for 15 minutes. After that, aqueous 
phase and adsorbent were separated by a strong magnet. Finally, the absorption 
was measured via flame atomic absorption spectrometry by analyte elution from 
the absorbent with an appropriate solution. Parameters affecting the extraction and 
preconcentration of nickel were investigated and optimized. Under optimum 
conditions, the calibration curve was linear in concentration range from 2.5 to 375 
µg L-1 and the detection limit was 0.8 µg L-1 of nickel. The method was applied 
for determination of nickel in aqueous samples. The relative efficiency values of 
nickel measurement in aqueous samples were from 98.7% to 102.1%.  Results 
indicated that Mag-CNTs can be used as an effective and inexpensive absorbent 
for preconcentration and extraction of nickel from actual samples. 
 
Keywords: Magnetic Solid Phase Extraction, Magnetic Carbon Nanotubes, 

Nickel, Aqeous Samples. 
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Table 1. Optimum parameters in extraction and measurement of nickel by magnetic solid phase extraction method 

 

Fig. 1. a) SEM Image, b) XRD pattern, c) IR spectrum 
of synthesized Mag-CNT 
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Fig. 2. Effect of pH on nickel recovery; nickel 
concentration: 0.5 mgL-1, Adsorbent: 70 mg, ligand: 

4×10-5 mol L-1, extraction time: 15 min., eluent: 5 mL 
ethanol nitric acid 1 molL-1, elution time: 3 min 
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Fig. 3. Effect of ligand on nickel recovery; nickel 
concentration: 0.5 mgL-1, Adsorbent: 70 mg, pH: 9, 

extraction time: 15 min., eluent: 5 mL ethanol nitric acid 
1 molL-1, elution time: 3 min 

e� _^)������V� ����
& ���7�$ �
�-�
�-����
0Q E�@*+ 
q/s+�@�K�) �$���!��0Q
5c
/ zs+�@�K�) 
pH �����u
�
+� 

I��J!�� rq1$�
�� �3!"' ,��� q+�@����!�Q-�!�� ���� E��
��
r�!�� �$ E�+ �3!"' �
+� 
y���1$ 

0

20

40

60

80

100

0 2 4 6 8 10 12

R
ec

ov
er

y
(%

)

pH

0

20

40

60

80

100

0 2 4 6 8

R
ec

ov
er

y
(%

)

α-furildioxime concentration (×10-5 molL-1)

pHLigand 
concentration

Adsorbent 
amounts 

Type and 
concentration 

of eluent

Eluent 
volume

Extraction 
time 

Elution 
time 

Breakthrough 
volume 

95j10×4
molL-1

70
mg 

Acidic ethanol
1 molL-1

5
mL 

15
min 

3
min 

100
mL 



Z��[� \�% 	 ���-��] �� *M�� �E �# ��� ... dx.doi.org/10.22093/wwj.2017.47039.2118 27

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

��#N[)
!�-[������ )��%��0Q�$���9� 
#%���
Table 2. Results of nickel measurement in aqueous samples 
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Table 3. Comparison of the proposed method with other applied methods 

Ref. Limit of 
detection 

(µg/L) 

RSD 
(%) 

Linear 
range 
(µg/L) 

Preconcentrati
on factor 

Sample 
volume 

(ml) 

Method 

Sahin et al. 2010 2.7 1.8 400-10 1925Cloud point 
extraction* 

Dean & Rains 1975 10 3.6 500-20 10 10 Cloud point 
extraction** 

Ghaedi et al. 2007 0.75 0.9 850-17 330 1650 Solid phase 
extraction* 

Divrikli et al. 2007 3--100 200 Coprecipitation* 
Dadfarnia et al. 2010 1.4 --120 600 Coprecipitation* 
Soylak & Aydin  2011 1.9 2.7 -30 150 Coprecipitation* 
Presented method 0.8 3.5 2.375-5 20100 Solid phase 

extraction* 
Determination: *Flame atomic absorption spectrometry, ** spectrophotometry 
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