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Application of Principle in Metal-Ligand Complexation to
Remove Heavy Metals:
Kind and Concentration Effects of Organic Ligands
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Abstract

This research was conducted to investigate the influence of kind and concentration of organic ligands
such as humic (HA) or fulvic acid (FA) on the removal of Cu or Pb from the aqueous solution employing
the principles in metal-ligand complexation. Increasing HA concentration enhanced the efficiency of Cu or
Pb removal. but there existed upper critical concentrations capable of forming maximum HA-metal
complex. which ranged 53-289 and 42-315mg/L for Cu and Pb. respectively. At these concentrations.
efficiency of removal was 70 to 95 % for Pb, but 13 to 65 % for Cu. Amounts of Cu and Pb which
complexed with 100mg HA were estimated to be 7.5 and 34.1mg. respectively. FA-metal complex forming
reactions were fitted significantly to the empirical models of Freundlich for Cu and Langmuir for Pb.
Fulvic acid precipitated nearly 100% of Pb in solution, but formed precipitates with Cu in only 13 to 29%.
Comparing organic ligands. HA had a higher removal efficiency for Cu but FA had such for Pb. Metal-
ligand complex formation was differed from kinds and concentrations of corresponding ligands and metals.
Results demonstrated that this principle has a strong potential to be employed for treating heavy metals in

aqueous solution.
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Table 1. Concentrations of Cu, Pb, humic acid, and fulvic acid in the reacting solutions. Reactions of metals with organic
ligands at each metal concentration were made in a complete factorial combination by mixing the two solutions
according to the interval shown in the table.

Cu Pb
Metal .
treatment Copper H.A. F.A. Lead H.A. F.A.
conc. conc. conc. conc. conc. conc. conc.
M mg/L mg/L mg/L mg/L mg/L mg/L
200 12.71 0~105 0~172 41.44 0~63 0~72
400 25.42 0~210 0~126 82.88 0~168 0~120
600 38.13 0~263 0~144 124.32 0~231 0~168
800 50.48 0~315 0~162 165.76 0~273 0~216
1000 63.55 0~315 0~180 207.20 0~315 0~264
Ligand trt interval : 26.25 18 21 24

H.A. = Humic Acid: F.A. = Fulvic Acid
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Table 2. Efficiency of humic acid in removal of Cu from solution by precipitation based on concentration of Cu being

preicitated the maximum at [HAJmax.

(Cu)reacted (HAJmax [Culppt EFF (Slope)b r (Slope)a r
M mg/L r M %
200 53 25 12.5 0.47 0.99*" -0.42 -0.99**
400 79 108 26.8 1.36 0.99** -0.86 -0.99**
600 105 256 42.7 2.43 0.99** -1.48 -0.99**
800 210 474 59.3 2.41 0.99** -1.90 -0.99**
1000 289 653 65.2 2.36 0.99** -0.92 -0.99**

{HA)max = Humic acid concentration precipitated Cu the maximum.

(Cu)ppt = Concentrations of Cu as # M precipitated with HA at (HA)max.

EFF = Efficiency of HA to remove Cu from solution by complex formation.

(Slope)b and (Slope)a = Slopes of curves before and after the peak. respectively, as shown in Figure 1.

I = regression coefficients with #* significant at p<0.01.
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Figure 1. Concentrations of Cu precipitated with
humic acid (HA) as a function of HA
concentration at each level (x M) of Cu
treatment.
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Table 3. Efficiency of humic acid in removal of Pb from solution by precipitation and coucentrations of Pb being precipitated

the maximum at [HAJmax.

{Pb)] reacted (HA)max (Pblppt EFF (Stope)b r (Slope)a r
u M mg/L 7z M %
200 42 140 70.0 3.33 0.99** -6.67 NA
400 105 338 84.5 3.28 0.99** -8.00 0.99"
600 189 551 91.8 3.31 0.99** -10.62 0.99*
800 252 760 95.0 3.11 0.99** -8.33 NA
1000 315 953 95.2 3.24 0.99** NA NA

{(HAJmax = Humic acid concentration precipitated Pb the maximum.

[Pblppt = Concentrations of Pb as # M precipitated with HA at (HA)max.

EFF = Efficiency of HA to remove Pb from solution by complex formation.

(Slope)b and (Slope)a = Slopes of curves before and after the peak. respectively, as shown in Figure 2.

r = regression coefficients with ** significant at p<0.01.

NA = Not Available.
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Figure. 2. Concentrations of Pb precipitated
with humic acid (HA) as a
function of HA concentration at
each level (#M of Pb treatment.
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Figure 3. Concentrations of Cu precipitated
with fulvic acid(FA) as a function
of FA concentration at each level
(« M) of Cu treatment.
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Table 4. Fulvic acid concentration which precipitated Cu the maximum and its efficiency in removal of Cu from solution.

Coefficients and r from the Freundlich model are also shown.

{Cu) reacted (FAlmax (Culppt EFF r 1/n K
# M mg/L M %
200 36 25 12.5 0.997** 0.92 1.03
400 72 77 19.3 0.993** 1.10 1.05
600 90 139 23.2 0.989** 1.19 1.13
800 108 210 26.3 0.989** 1.25 1.19
1000 126 290 28.7 0.988** 1.22 1.30

[FAlmax=Fulvic acid concentration precipitated Cu the maximum.
[Culppt=Concentrations of Cu as # M precipitated with FA at (HAImax.
EFF=Efficiency of FA in removal of Cu from Solution by complex formation.

r=regression coefficients with **significant at p{0.01.
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Figure 4. Concentrations of Pb precipitated with fulvic
acid (FA)} as a function of FA concentration
at each level(x Mjof Pb treatment.
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Table 5. The Langmuir model parameters for Pb-fulvic acid complex formation.

{Pblreacted (FA)95 r K (Pbimax Pred (Pblppt

M mg/L

200 95.7 0.994** 0.053 1.14 227.4
400 82.4 0.995** 0.113 1.05 420.9
600 41.3 0.994** 0.379 1.01 606.6
800 54.0 0.995** 0.243 1.02 817.9
1000 42.3 0.997** 0.301 1.03 1024.6

LangmuirModel
1 1 1
—_— = v — (6)

(Pb] [Pblmax x K x (FA) (Pblmax

where, (Pb) =Concentration of Pb precipitated with FA per unit Pb treated concentratior
{Pblmax = Maximum concentration of Pb precipitated with FA per unit Pb treated concentration

(FAJ) = Fulvic acid concentration

(FA)95 = Fulvic acid concentration which can precipitate Pb greater than 95%.

r = regression coefficients with **significant at p<0.01.
K = Coefficient.

Pred (Pblppt = Maximum concentration of Pb precipitated, predicted from the model
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