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Abstract: The removal of chromium(VI) from an aqueous solution using persimmon gel was examined. The amount of chromium(VI) 
removed was strongly affected by the pH of the solution, with all chromium(VI) being removed at pH 2 or lower. However, in a 
solution containing, 15 mg dry weight of immobilized persimmon gel, the amount of removed chromium(VI) decreased as the pH 
increased. A part of chromium(VI) was reduced another oxidation stage, mainly chromium(III), by immobilized persimmon gel. The 
amount of reduced chromium(III) in the solution was increased with decreasing the pH of the solution. As a result, the amount of 
total chromium removed was maximal at pH 2. The amount of chromium removed were affected by the chromium concentration and 
the amount of gel. The maximal amount of chromium removed by the column system was also discussed. 
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1. Introduction 

Chromium is used in textile, leather tanning, 

electroplating, metal finishing industries [1], wood 

treatment, corrosion control, oxidation and anodizing 

industries. If high levels of chromium are absorbed by 

the body, it can generate serious problems and 

concentration of 100 g/g body wt. can ultimately 

become lethal [2]. Recently, the main processes for 

elimination of chromium have been adsorption, 

reverse osmosis, and chemical reactions that involve 

reduction and precipitation [1]. Among these processes, 

adsorption has been shown to be a feasible method for 

removing traces of chromium from wastewater and 

many different adsorbents have been tried to remove 

this toxic metal from wastewater [1-3]. 

Adsorption is the most effective and widely used 

technique for the removal of toxic heavy metals  
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fields: metal removal and recovery using biomass. 

from wastewater [4]. Owing to the high cost and 

difficult procurement of activated carbon, efforts   

are being directed toward other finding efficient and 

low cost adsorbent substances [1]. A variety of low 

cost substances like fly ash, wood charcoal, 

bituminous coal, bagasse and coconut juice, rice husk 

carbon, peat, red mud, used black tea leaves, and 

activated carbon from sugar industrial waste have 

been examined [5-13].  

Previously, microorganisms could be removed 

many kinds of toxic and useful metals, such as lithium, 

uranium, thorium, rare earths, and gold from aqueous 

solution [14-18]. However, microorganisms could 

remove only small amounts of chromium from the 

chromium(VI) solution. In other studies, immobilized 

persimmon gel could be removed gold(III) from 

hydrogen tetra chloroaurate(III) solution [19]. Further 

investigations showed that persimmon tannin gel 

removed chromium(VI) effectively from the 

chromium(VI) solution [20]. However, the amount of 
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adsorbed chromium(VI) and the amount of residual 

chromium(III) remaining in the solution were not 

examined in detail [20]. Herein, the removal of 

chromium from aqueous chromium(VI) solution using 

immobilized persimmon gel is extended and reported. 

2. Material and Methods 

2.1 Immobilization of Persimmon Tannin 

Commercially available kakishibu (the extracted 

juice of unripe persimmon fruit, tannin content: 4.0%) 

was immobilized as follows: one part of 

glutaraldehyde was mixed with four parts of 

persimmon tannin. After 2 h, a red-wine-colored 

homogeneous gel was obtained. The gel was crushed 

into small particles (less than 60 mesh), washed 

thoroughly with deionized water, and then used for 

removal experiments.  

2.2 Chromium Removal Experiments  

Unless otherwise stated, chromium removal 

experiments using immobilized persimmon gel were 

conducted as follows: batch system: the gel was 

suspended with 100 mL of aqueous chromium 

solution and stirred at room temperature using 

magnetic stirrer (120 rpm). Chromium was supplied 

as K2Cr2O7 or Cr(NO3)3. The pH of the solution was 

adjusted to the desired values with 0.1 mol HNO3 or 

NaOH over the range of pH 1-5. The gels were then 

collected by filtration through a membrane filter (pore 

size 0.2 μm). Column system: unless otherwise stated, 

1,510 mL of gold solution (53.1 mg/L chromium (as 

K2Cr2O7, pH 2) was passed through a column 

(diameter 8 mm, bedvolume 3.9 mL) of immobilized 

persimmon gel at a Space Velocity (SV) of 15.7 h-1.  

The amounts of removed chromium(VI) were 

quantified by the diphenyl carbazide method [21] by 

measuring the absorbance of the solution at 540 nm 

using spectrophotometer (U-1800, Hitachi). The 

amounts of removed total chromium were determined 

by atomic absorption spectrometer (AA-6300, 

Shimadzu, Kyoto). 

3. Results and Discussion 

3.1 Effect of pH on Chromium Removal from Aqueous 
Chromium(VI) Solution Using Immobilized 
Persimmon Gel 

The effect of pH (over the range of pH 1-5) on the 

removal of chromium(VI) was examined by 

immobilized persimmon gel from an aqueous solution 

of chromium(VI) as K2Cr2O7 (Fig. 1). The 

chromium(VI) removal from the potassium 

bichromate(VI) solution was quantitative at pH 1-2. 

Above pH 2, rapid decreases in the amount of 

chromium(VI) removed was observed. In the same 

solution, the total chromium removal was maximal at 

pH 2. Above and below pH 2, rapid and gradual 

decreases of total chromium removal were observed 

(Fig. 1).  

The chromium(VI) (%) remaining in solution 

increased with increasing the pH of the solution. On 

the other hand, the amount of reduced chromium(III) 

in the solution increased as the acidity of the solution 

decreased. By subtracting the amount of total 

chromium(%) removed from the amount of removed 

chromium(VI) (%), the amount of chromium(VI) was 

reduced to chromium(III) in the solution. Reduced 

chromium(III) was the chemical species of chromium 

present in solution at pH 1-2 after removal of 

chromium(VI). The removal of chromium(VI) using 

persimmon gel was also investigated [20], however, 

this is the first finding to clarify the amount of 

reduced chromium(III) from chromium(VI) in the 

solution in this system. 

Using a solution of chromium(III) nitrate, the role 

of pH on chromium(III) removal by immobilized 

persimmon gel was also examined (Fig. 2). The 

amount of chromium(III) removed increased as the pH 

of the solution increased. At pH values less than pH 3, 

this adsorbent could not remove any chromium(III) 

from solution.  

The chemical species of chromium(VI) in the 

bichromate(VI) solution is mostly hydrogen chromate 

anion, HCrO4
– at pH 1-5 [23].  
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   (1) 

     (2) 

It seems reasonable that dichromate anion Cr2O7
2- 

was generated from potassium bichromate, followed 

by hydrolysis generated HCrO4
-. The equilibrium 

constant of Eq. (1) and acid dissociation constant of 

Eq. (2) were 10-1.68 and 10-6.45, respectively [22]. 

HCrO4
- is dominantion between pH 1-5. Chromate 

anion CrO4
2- is increased and HCrO4

- is decreased as 

the pH values of the solution increase up to pH 5. 

Therefore, the removed chromium(VI) species in this 

research was mainly in the form of HCrO4
-. 

The chemical structure of persimmon tannin was 

proposed from dimer to pentamer of 

epigallocatechingallate-epigallocatechingallate-epicate

chingallate-epigallocatechin-epigallocatechin-epicatec

hin [23]. This compound contains two 

1,2-dihydroxyphenyl (catechol) and seven 

1,2,3-trihydroxyphenyl (pyrogallol) groups, acting as 

hard bases, in each chemical formula unit [23]. They 

should combine with HCrO4
-, in similar with CrO2

2+ 

as a hard acid [20], and easily produce chromate ester 

[24]. Therefore, the removal of chromium(VI) appeared 

to proceed mainly through esterification of HCrO4
- 

and catechol or pyrogallol group in persimmon gel.  

On the other hand, this adsorbent has a high 

tendency toward being a reductant. Additionally, 

chromium(VI) has high tendency toward accepting 

electrons, thus, serving as an oxidizing agent. 

Accordingly, the Fig. 3 is easily generated in acidic 

solution. In fact, the concentration of reduced 

chromium(III) increased with the decreasing pH of the 

solution. About 70% of chromium(VI) was removed 

by adsorption and 30% of that by reduction at pH 2 

from the 2.5 ppm chromium(VI) solution.  

3.2 Effect of Chromium Concentration on Chromium 

Removal from Aqueous Chromium(VI) Solution Using 

Immobilized Persimmon Gel 

When 15 mg (dry wt. basis) of immobilized 

persimmon gel was used, the removal of chromium(VI) 

from the aqueous chromium(VI) solution was 

quantitative at chromium concentrations below 5 ppm 

(100 μmol) (Fig. 4a). At levels greater than 5 ppm, the 

ratio of chromium(VI) and total chromium removed 

with respect to initial chromium (%) decreased as the 

chromium concentration in the aqueous solution 

increased.  On  the  other  hand, the amount of 

chromium(VI) and total chromium removal (μmol 

chromium/g dry wt. adsorbents) increased with 

increasing concentrations of chromium in the aqueous 

solution. When the chromium concentration was 

1,700 μmol, extremely high chromium of about 4,860 

μmol of chromium(VI) and 4,660 μmol of total 

chromium/g dry wt. persimmon gels was removed, 

200 μmol of chromium(VI)/g dry wt. persimmon gels 

was reduced to chromium(III). The amount of reduced 

chromium(III) was maximum when the solution  
 

 
Fig. 3  Oxidation and reduction of persimmon tannin and chromium(VI) in the solution in this system. 
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(a) 

 
(b) 

Fig. 4  (a) Effect of chromium concentration on chromium(VI) removal and reduction using immobilized persimmon tannin 
adsorbent and (b) equilibrium Langmuir isotherm of chromium removal using immobilized persimmon tannin adsorbent.  

Adsorbent (15 mg dry wt. basis) was suspended in 100 mL of the solution (pH 2) containing indicated amounts of chromium(VI) 
for 1 h at room temperature. Symbols: squares, removed chromium(VI), circles, removed chromium (total) and triangles, produced 
chromium(III). 
 

Initial Cr concentration (μmol)

Equilibrium Cr concentration (μmol) 



 

Table 1  Esti

 

Chromium(VI

Chromium (to

* Experimenta
 

contained 4

conditions, 

solutions co

μmol of chro

3.3 The Effe

Removal Us

The  qua

adsorbent w

weight and

solution tha

(Fig. 5). As

amount of 
 

Fig. 5  Effect
The adsorbe

Symbols were

Removal 

imated constan

I) 

otal) 

al condition wa

400-800 μm

a gradual de

ontaining abo

omium was o

ect of the Ads

sing Immobili

antity of  im

was varied ov

d measured 

at initially co

s the amount

chromium r

t of adsorbent 
ent was suspen

e same as Fig. 4

of Chromium

nts and Qmax fr

M 

(2.13 ± 0.0

(1.88 ± 0.0

s same as Fig. 4

mol chromium

ecrease in re

ove 800 μmo

observed. 

sorbent Amou

ized Persimm

mmobilized  

ver the range

chromium r

ontained 5 pp

t of adsorben

emoved (exp

amounts on ch
nded in 100 mL
4. 

m from Chrom
Using Immob

rom the Langm

01) × 10-4 

02) × 10-4 

4. 

m. Under th

emoval from

l and below 

unt on Chrom

mon Gel 

persimmon 

e of 5-50 mg

removal from

pm of chrom

nt increased,

pressed as μ

hromium remo
L of the solution

mium(VI) Solu
bilized Persim

muir isotherm.

N 

(7.97 ±

(3.64 ±

hese 

m the 

400 

mium 

 gel 

 dry 

m a 

mium 

, the 

μmol 

chro

rati

con

redu

ads

chro

wer

abs

3.4 

Imm

A

reac

oval and reduc
n (pH 2) contai

utions by Ads
mmon Gel 

. 

4.74) × 10-3 

0.45) × 10-2 

omium/g dry

o of chro

ncentration (%

uced chrom

orbent increa

omium (expr

re maximal 

orbents (dry w

Time Cou

mobilized Per

Adsorption of

ched equilibr

ction using imm
ining 5 ppm of 

sorption and 

Qmax

4,70

5,32

y wt. adsorbe

omium rem

%) increased

mium increas

ased, howeve

ressed as μm

in the pre

wt. basis). 

urse of Ch

rsimmon Gel 

f chromium(V

rium within 

mobilized pers
f chromium(VI)

Reduction  

x (μmol/g dry w

00 ± 140 

20 ± 40 

ents) decrease

moved/initial 

d. The amou

sed as the 

r, the amount

mol/g dry wt.

sence of 10

hromium Re

VI) was very

two hours 

simmon tannin
) for 1 h at room

527

wt. adsorbents)

ed, while the

chromium

unts of total

amount of

ts of reduced

. adsorbents)

0-15 mg of

emoval with

y rapidly and

(the residual

 
n gel.  
m temperature.

7

e 

m 

l 

f 

d 

) 

f 

h 

d 

l 

. 



 

528

Fig. 6  Time 
Adsorbent (

chromium(VI)
 

concentratio

almost same

of chromiu

adsorption. T

model using

(4)) [25]: 

Where, Q

Qe is the rem

ka is the a

desorption r

were estima

and 2.83 × 

(adsorption 

adsorbents a

removal (ad

3.5 Select

Immobilized

To determ

 

Removal 

course of chro
(15 mg, dry w
) at room tempe

on of chrom

e as that at 

um(VI) was

These results

g time-depen

Q

Q is the amou

moval amoun

adsorption ra

rate constant 

ated to be 2,4

10-2 min-1 f

and reduc

and 1.61 × 

sorption).  

tive Remov

d Persimmon 

mine which 

of Chromium

omium remova
wt. basis) was s
erature, the Qe v

mium(VI) at 

2 hours) (Fi

s a little l

s were fitted 

dent Langmu

1  

unt of the chr

nt of equilibri

ate constant,

[25]. The va

50 μmol/g dr

for chromium

ction), and 

10-2 min-1 fo

al of Ch

Gel 

heavy met

m from Chrom
Using Immob

al and reductio
suspended in 1
value used was 

17 hours 

ig. 6). Reduc

lower than 

by an adsorp

uir equation

          

omium remo

ium, j = ka +

, and kd is 

alues of Qe a

ry wt. adsorb

m (total) rem

3,110 μm

or chromium

romium(VI)

tal ions can

mium(VI) Solu
bilized Persim

on using immo
00 mL of the 
determined by 

was 

ction   

the 

ption 

(Eq. 

 (4) 

oved, 

+ kd, 

the 

and j 

bents 

moval 

mol/g 

m(VI) 

by 

n be   

mos

at p

a s

Ni2+

As 

met

gel 

that

chro

ions

3.6

Per

T

chro

rem

sho

ads

(1.2

pers

utions by Ads
mmon Gel 

obilized persim
potassium bich
experimental d

st readily rem

pH 2, selectiv

solution cont
+, Cu2+, Zn2

shown in F

tal ion adso

was observe

t immobiliz

omium(VI) m

s. 

Chromium 

rsimmon Gel

To obtain bas

omium(VI) u

moval was e

wn in Tab

orbed 313 m

23 mmol) chr

simmon gel.

sorption and 

mmon tannin ge
hromate(VI) so
data. 

moved by imm

ve removal o

taining 4 
2+, Cd2+ and

Fig. 7, the r

orption by 

ed to be HCrO

zed persimm

more readily

Removal Ca

sic informati

using persim

examined usi

ble 2, immo

mg (6.01 mm

romium(VI)/g

Reduction  

 
el.  
olution contain

mobilized pe

of heavy met

 10-5 mol 

d HCrO4
- wa

relative degr

immobilized 

O4
-  >> other

mon gel c

y than other 

apacity with 

on about the

mmon gel, ch

ing column 

obilized per

mol) and red

g dry wt. of 

ing 25 ppm of

ersimmon gel

tal ions from

Mn2+, Co2+,

as examined.

ree of heavy

persimmon

rs, indicating

can remove

heavy metal

Immobilized

e recovery of

hromium(VI)

system. As

simmon gel

duced 64 mg

immobilized

f 

l 

m  

,     

.  

y  

n   

g 

e 

l 

d 

f 

) 

s 

l 

g 

d 



Removal of Chromium from Chromium(VI) Solutions by Adsorption and Reduction  
Using Immobilized Persimmon Gel 

 

529

 
Fig. 7  Selective removal of heavy metals by immobilized persimmon gel.  

Adsorbent (15 mg, dry wt. basis) was suspended in 100 mL of a solution (pH 2) containing 4  10-5 mol Mn2+, Co2+, Ni2+, Cu2+, 

Zn2+, Cd2+ and HCrO4- for 1 h at room temperature.  
 

Table 2  Removal of chromium from aqueous chromium(VI) solution using immobilized persimmon gel by column system. 

 Removed (%) Removed (μmol/g dry wt. gels) 

Chromium(VI) 89.7 7,280 

Chromium (total) 69.2 5,620 

* Chromium(VI) solution (53.1 ppm, 1.51 L, pH 2) was eluted on the persimmon gel column (bed volume 3.9 mL, 0.19 g dry wt. 
basis) at a space velocity of 15.7 h-1.  
 

4. Conclusions 

The removal of chromium using persimmon tannin 

adsorbent was strongly affected by the pH of the 

solution and at pH 2, chromium(VI) removal was 

quantitative. At higher pH values, chromium(VI) 

removal decreased dramatically. The amount of total 

chromium removed was maximal at pH 2, however, 

those were decreased with increasing or decreasing 

the pH of the solution. The positively charged 

protonated hydroxy groupes of the persimmon tannin 

and negatively charged hydrogen chromate ions were 

bonded at low pH. Additionally, the amount of 

reduced chromium increased in low pH solutions. 

The removal of chromium using immobilized 

persimmon tannin adsorbent was strongly affected by 

the initial chromium concentration of the solution. 

Immobilized persimmon tannin adsorbent can remove 

chromium quantitatively from the solution containing 

lower 5 ppm chromium(VI), however, the ratio of the 

amount of chromium(VI) removed with respect to the 

initial chromium(VI) concentration was decreased 

with increasing the initial chromium(VI) 

concentration. The amount of chromium (μmol/g dry 

wt. adsorbents) was increased with increasing the 

initial chromium(VI) concentration of the solution. 

When the initial chromium(VI) concentration was 

1,700 μmol, persimmon gel removed 4,860 μmol of 

chromium(VI). The amount of chromium removed 

was fitted with Langmuir’s isotherm. The amount of 

reduced chromium was maximal from the solution 

containing 400-800 μmol chromium(VI).  

The removal of chromium using immobilized 

persimmon tannin absorbents was strongly affected by 
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the adsorbent amounts. The ratio of the amount of 

removed chromium(VI) per that of initial 

chromium(VI) was increased with increasing the 

amount of adsorbent, however, the proportion of 

chromium removed (μmol/g dry wt. adsorbent) was 

decreased with increasing the amount of adsorbent. 

The amount of total reduced chromium was increased 

with increasing the amount of adsorbent, however, the 

amounts of reduced chromium (μmol/g dry wt. 

adsorbent) was maximal using 10-15 mg of adsorbent 

(dry wt. basis). 

Adsorption of chromium(VI) was very rapidly and 

reached equilibrium within two hours. Reduction of 

chromium(VI) was a little slower than adsorption. The 

time course of chromium removal was fitted by an 

adsorption model using time-dependent Langmuir 

equation. 

The maximum amount of chromium(VI) removed 

was examined by a column system. Immobilized 

persimmon gel adsorbed 313 mg (6.01 mmol) and 

reduced 64 mg (1.23 mmol) chromium(VI)/g dry wt. 

of immobilized persimmon gel.  

On the basis of this research, the removal of 

chromium(VI) from the aqueous systems should be 

feasible in the near future. 
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