Fenton Ferrite Process EDTA

Treatment of the Wastewater containing EDTA and Heavy Metals by
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Abstract

Heavy metals and organics are always presented an important rule
in the pollution control. In Taiwan, there are large amounts of toxic
wastewater produced from electrical plating, metal surface-treating,
stedl, IC, electrics, photo-electrics, printed PC board, refinery, medicals,
oil painting and foods manufactory industries. Those wastewater are
contained toxic and hazardous materials materials to human body or
environment quality. Thus, we believe it need immediately to develop
the innovative process on remova of wastewater containing heavy

metals and organic compounds.

This study uses the strong oxidation of Fenton’s Process to first
remove the organic pollutant, EDTA, and then uses Ferrite Process to
incorporate heavy metal ions into spinel structure for facilitating
removal of heavy metal ions, and through this work, the best operation

model of series treatment “Fenton/Ferrite Process’ is established.

With respect to batch reaction in Fenton’s Process, the emphasisin
this work is placed the effect on EDTA remova by pH, ferrous ions
concentration, and hydrogen peroxide . The results show that the best
removal of EDTA occurs when Fenton is under acid condition (pH=2);
and the removal of EDTA increase as the ferrous ions and hydrogen
peroxide increase adequately, but when its quantity exceeds a certain
value, the remova of EDTA would decrease as follows. Such a result

may be caused by the excess of ferrous ions and hydrogen peroxide
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which could restain generation of hydroxyl radicals.
As followed the Fenton’s process, Ferrite Process is next used for
treatment of wastewater in series,; Ferrite Process has three stages, and

the operating conditions are controlled temperature and pH. For the first

stage, the operating condition is 70 , and pH is 9.0; and the operating
conditionis 90 , and pH is 9.0 in the second stage; and the operating

conditionis80 , and pH is10.0inthelast stage.

From the results of series experiments, with respect to reaction
time, each concentration of heavy metal in supernatant could meet the
standards of discharge water when the total time of A-4 experimental
condition is 90 minutes; if Hg ion is not included in wastewater, then
the reaction time could be reduced to 50 minutes. | shows benefit for
short reaction it the time. Under A-3 experimental condition, the
reaction time is 56 minutes when Cd and Hg ions are not included in the
wastewater, then each ions concentration of heavy metal could also
reach the standards of discharge water, and this experiment need of
ferrous ions is least of all. Thus, this experiment in this work has the

economic benefits both for regarding time and cost-effectiveness.
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pH
1999 H,0,/UV EDTA
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2-2-2
24
93
(mg/L) TCLP (mglL)
Cd 0.03 1.0
Cr 2.0 5.0
Cu 3.0 15.0
Hg 0.005 0.2
Ni 1.0 ---
Pb 1.0 5.0
Zn 5.0 -—-
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2.4
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Kiyama
Fe
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Fe3O4
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Fe* / M =4~40 M
(pH=8~11)
(200~560 rpm) (50~90 )
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Perez Yoshiakl (2000)
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(1/2)

Gate et. dl.
(1995)

Trichloroethylene

Bench Scale
%

Yeh and Novak
(1995)

MTBE
ETBE

MTBE ETBE

pH

Miller et. .
(1996)

Pendimethalin
( )

Pendimethalin Fenton

Li et. d.
(1997)

2,4,6-Trinitrotoluene

1% H,0,
TNT 24

80mg Fe*/L

mg/L 1001%

Huang,C.P.
(1993)

=1IMm =0.05mM

pH=3 F&*
2- 99%

H20;

(1995)

pH=3 Fe*
2-

=1Mm
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Fent on

(2/2)

(1997)

pH=2.8 Fe* =072 mM H,0, =20.6

1 COD 95%

(1998)

pH=4 UV=64W Fe&* =20mg/L H,O,
=100mg/L 1 COD 95%

(1998)

pH=1.76~1.98 225
Fe* =2000mg/L.  H,0, =2800mg/L  COD
89%

(2002)

pH=3 180
300 ppm
89%

1000 ppm  COD

(2002)

Potassium
Indigotetrasulfonate

Fenton
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(1/4)

Initial C1*"=0.064 mol/L
Flow rate=2 L/min
Temperature =25
pH=5~13

Fe;04 pH
pH 9.5
pH 8.0
a-FeO(OH)

Hamada
(1976)

CdSO4 7H,0=0.863
mol/dm’

Cd”"/ Feow=0.1
Temperature =65
pH=7~11

pH=10 11
pH=7 8

Cd-bearing ferrite
pH 7 8
a-FeOOH
pH 650C Cd-bearing ferrite

Kaneko
(1979)

(Cd Mn Fe Cu
Pb Zn Cr Co
Ni Hg )

Waste water:20dm?>
M/ Fe:1/10~1/20
Temperature =65
pH=9~11

9~10.5 65

pH 7~10
green rust pH
a-FeO(OH)

10.5~11

Tamaura
(1991)

Initial Cu*"=50mg/
Cu/Fe=2.0
Temperature =50
pH=8~11

pH 8
ferrite pH
pH
pH
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(2/4)

FeS04=0.24 M
NaOH=0.48 M
Temperature =40 70 85

Fe3O4
a-FeOOH Fe(OH),

Initial C1**=0.064 mol/L
Flow rate=2 L/min
T=10~40

pH=6.5

Fe;04
40 30~40
a-FeOOH 30
a-FeO(OH)

Hamada
(1976)

Green rust EE =50 mmol dm™
S0,%>=0.018 mol dm™
Temperature =30 50 74

Green rust EE

Tamaura
(1991)

Heavy metal=0.02 M
pH=9.0

Air pressure =3 L/min
Time = 40 mins
Temperature=90
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(3/4)

R=2

NaOH / FeSO4=0.1 ~ 4.0
pH=10.5

Temperature =5 ~ 85
Aecration rate=200 L/h

100 ~ 400

Pb*" =50 ~ 400 mg/Kg
pH=9~10.5

Mandaokar
(1994)

SO /Fe’ =0.011

(1)
Air pressure=0.6  /cm
pH=8.0

2)
pH=8.0

2
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Yoshiaki et.al.
(1998)




2.8

(414)

R
(2 NaOH/FeS0,)

R=2

NaOH / FeSO4=0.1 ~ 4.0
pH=10.5

Temperature =5 ~ 85
Aeration rate=200 L/h

R=1.0

0-FeOOH R

a-F€203

50
R 0.6
06 R 1

CdSO, 7H,0=0.863 mol/dm’
Cd*"/ Feyu=0.03 ~ 0.4
pH=9.0

(1

2

3)

Cd2+ / Fetotal

Cd2+ / Fetotal
o-FeOOH

Cd2+ / Fetotal

Cd2+ / Fetotal

0.1

Kaneko
(1979)

Cr'" Cu Pbconc 50 ~400
mg/

aeration rate = 50 mL/min

Temperature=50
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3-2 Fenton-Ferrite Process

Fenton-Ferrite Process

Pyrex

pH 3.2
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3.2 Fenton-Ferrite Process
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3-3-2 Ferrite Process

( Ferrite Process FP)
( Toxicity
Characteristic Leaching Procedure TCLP)

FP

34
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3.4 Ferrite Process

39

. pH meter
e AA
. | CP- MS
Ferrite Process
BRIE2H
WA 2R
* pH <
HES W WREESEEE -
. EDTA
. Cd Cr Cu Hg Ni Pb Zn
RIEVIRESRSERE ¢
Ferrite Process
. pH <
Ferrite Process
* pH
Ferrite Process
Fenton Ferrite Process




Fenton Ferrite process EDTA

34
3-4-1

1. Pyrex

2 Heidolph MR3001K

3. pH pH EUTECH pH5500
pH

0~1800 rpm
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8. PERKIN ELMER (UVNVis
Detector Model 785A 254nm)
TOSOH ODS-100S 5um  25%4.6mm
EDTA
0. (AA)

HITACHI Z-6100

10. (ICP-MS)
ELAN 5000

11. BET
Micromeritics Co. Model ASAP2010 Georgia USA
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3-4-2
1. ( Sulfureic acid ) H,SO, 98 % 98.0
g/mol
2. ( Sodium Hydroxide) NaOH 40.0 g/mol
3. ( Nitricacid) HNO; 63.01 g/mol
4. ( Hydrogen Peroxide) H,0, 35 %
34.01 g/moal
5. (Aceticacid) CH3;COOH 60.05 g/mol
6. EDTA( Ethylenediaminetetraacetic acid ) 292.25
g/mol 99.5%
7. ( Anhydrous ) CH3;COONa 82.03 g/moal
98.0%
8. ( Ferrous Sulfate) FeSO, 7H,0O 278.03 g/mol
98 %
9. (Methyl ) CH5OH 99% USA  HPLC
11
10.
Cd Cr Cu Hg Ni Pb Zn 0.002 M

0.014 M 31
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EDTA

3-13

3.1
Cadmium
Cd Nitrate Cd(NO3), 4H,0O  308.48 E.P
Potassium
Cr Dichromate KoCr,0O7 294.19 M E.P
Copper( )
Cu Sulfate CusO, 5H,0 249.68 E.P.
Pentahydrate
Mercury( )
Hg Nitrate Hg(NO3), H2O 342.62 E.P
. Nickel .
Ni Sulfate NiSO, 6H,0 262.87 E.P
Lead( )
Pb Nitrate Pb(NOs), 331.21 E.P
Zn Zinc Nitrate  Zn(NO3), 6H,O  297.47 E.P
3-4-3
()
1. 0.05 M pH
4.5 0.45u m
2. 0.45u m
3. HPLC UV/Vis
PSI
4., 0.5 mL/min
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() C )
1. 100 mL 5 mL

( 85 )

( 20mL )
2. SmL
3. 2mL
50 mL
4. AA ICP-MS
3-4-4
( ) Fenton EDTA
Fenton
EDTA
Ferrite Process (
EDTA )

2 6
25 2x10*M Fe* 10°M EDTA 10°M
pH=2 | pH=3 pH=4 | pH=5 pH=7 | pH=9
25 2x10*M pH=20 EDTA 10°M
10°M | 10°M 10°m | 10°™ | - | -
25 pH=2.0 Fe& 10°M EDTA 10°M
5x10*M | 10x10™M
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( ) Fenton/FerriteProcess EDTA

Fenton

(A-1 A2 A3 A-4)

Fenton Method(25 ) Ferrite Process
NO. 2+
pH | Fe® H,0; Fe
A-1 10°M 4 0.14M | 70 90 80
A2 | 2 102 | OM a0 )| pH=9 | pH=9 | pH=10
A-3 10°M 4 0.098M | 70 90 80
A4 | 2 w0 | OM A7) | pH=e | pH=9 | pH=10
3-5
3-5-1
3~5
3-5-2
1. pH
0.1M NaOH HCI
(pH7 pH4 pH 10
3M KC
2. (AA)
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3-5-3

100 ~ 105
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4-1 Fenton EDTA
Fenton Fenton
pH
Fenton
EDTA
4-1-1 pH
pH
4.1 pH Fenton pH
Fenton pH
pH
pH 4 Fenton
Fenton
2~4
4.1 pH Fenton
pH Fenton
pH 2.0 Fenton
pH=1.8~2.5 Fe’" — Fe’*
pH=3.0~5.0
pH 4.0 OH
pH 4.6 Fe*" — Fe**
pH 4.6 Fe** Fenton

pH 10 H202 - H20+1/202




Fenton Ferrite process EDTA

100 Mo
<
~ 80.
(@]
= 60.
©
£
L 40.

20.

0.0

0 5 10 15
Time ( minute )
4.1 pH EDTA
Temp 25  [H:0.]o 2x10*M [Fe*], 10°M [EDTA]0 10°M
4.2 pH EDTA
pH Fenton
4.2 pH 5
4.1 pH EDTA
4.1 pH 2.0 EDTA

10 80%

4-3
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Sedlek and Andren(1991) Fenton
pH  2.0-3.0
Kuo (1978) pH
3.0 (1994) 2
pH 3.0 355 2
90% pH 2.0~4.0
Organic + Fe’" complex — Organic + Fe** (4-1)
Organic - Fe’" complex — Organic + Fe** (4-2)
H,0, OH OH
2.33 volt
pH OH
EDTA pH
EDTA

4-4



Fenton Ferrite process EDTA

4-1-2
Fenton Fe**
Fenton Bishop(1968)
(Fe™) (Fe™)
4.3 EDTA
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Fenton Ferrite process EDTA

100 L}
M
—~ M
=
— 80. M
M

= 60.
©
e
@ 40.
[a's

20.

0.

0 2 4 6 8 10 12 14 16 18
Time ( minute )
4.2 EDTA
[pH]p 2.0 Temp 25 [H,05]o 2x10*M [EDTA], 10°M
EDTA
0.87 valt
4.2 EDTA EDTA
10° ~10°M
20 EDTA 95%
Fenton
(pH 2.0 25 2x10*M EDTA 10°M)

4-7
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102 M EDTA

EDTA

4-1-3

Moon

(1991)

OH H,0, OH H,0,

HzOz
(Fe™) (Fe3")

4.4 EDTA
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100 5

80.
=
—60.
&
.
=
240

20.

0.
Time (minute )
4.3 EDTA
[pH]op 2.0 Temp 25 [Fe’']y 10°M [EDTA], 10°M
4.3 EDTA EDTA
Fenton
EDTA
EDTA
510" M 7
EDTA 99% (10x10™* M)7
6.5%

4-10
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4-1-4 Fenton EDTA
1. pH 20 EDTA 10 80%
pH 3.0 40 5.0 62%
44%  53% pH 7.0 EDTA 10
27 pH 2.0
2. 10°M EDTA 10
98% 10°M 83%
10'M  10™*M
23% 30% 10°M  10°M
3. 5x10*M EDTA 10
100% 2x10*M
83% 10x10™*M
8.82% 5x10*M
Fenton pH 2.0
5x10*M 10°M pH 2.0
5x10*M 10°M
EDTA

Ferrite Process
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4-2 Fenton/Ferrite Process(FFP) EDTA

Ferrite Process

Ferrite Process

Ferrite Process
Fenton

Ferrite Process

Ferrite Process Fenton / Ferrite Process
4-2-1 Ferrite Process
Ferrite Process ( /
) pH Ferrite Process
(2002) (2002)
1. Ferrite Process pH

4-12
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Ferrite Process

Cd Hg pH 12

CrO,> cr’t Cro”
TCLP Cd Pb Cu Cd(OH),
Cd FeSO,
SO~ PbSO, Pb CuO
Cu
A. 70  pH=7.0 Cd Pb
B. 80  pH=10.0 Cu
C. 90  pH=9.0
D. 70 pH=9.0 pH=9.0 Ferrite
Process 70

Ferrite Process
a 70 pH=9.0 @ 90 pH=9.0
80 pH=10.0( 2002)

4-13
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4-2-2 Fenton / Ferrite Process
Fenton Ferrite Process
Fenton Ferrite Process
EDTA ( A-1 A-2 A-3
A-4)
45 Fenton/Ferrite Process EDTA
( EDTA 10°M 0.014M)
Fenton Method (25 ) Ferrite Process
NO. +
pH Fe* H-0, Fe
A-1 10°M 4 0.14M | 70 90 80
A-2 2 10°M > 10°M (10 | pH=9 | pH=9 | pH=10
A-3 10°M 4 0.098M | 70 90 80
A-4 2 o2m | AOM gy pH=9 | pH=9 | pH=10
a. Ferrite Process Fe?* 10
b. Ferrite Process Fe?* 7
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Fenton/Ferrite Process EDTA
Fenton/Ferrite Process EDTA
Fenton 4.6 4.6
4.4 10°M 20
EDTA 4.5
10°M EDTA

4.6 Fenton/Ferrite Process EDTA

0
1
2
3
4
5
6
7
8
9
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_Eenton Ferrite process EDTA

%

=

I o ® o
o o o

- - O

Remaining

N
o

Ti me (

ng

Remai ni

Ti me (

mi n )

4.4 Fenton/Ferrite Process EDTA

( [pHlo 2.0 Temp 25 [Fe* 1o
[H,05]o 5 x10%M)

4-16

10°M [EDTA]p

()

10°M

20

20



Fenton

)

Ferrite process EDTA

S

10
o 8 Of A-2
c
= 6 0f
]
=
o 4 0f
@
2 0
0 = = - |
0 15
min )
S
A
= A-4
c
=
©
£
()
x
= = = |
15
Time ( min )
4.5 Fenton/Ferrite Process EDTA ()
( [pH]p 2.0 Temp 25 [Fe’']y 10°M [EDTA], 10°M

[H,05]o 5 x10%M)
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Ferrite Process

Ferrite Process

4.7 46 413
(Cd)  (Hg)

(Cd)  (Hg)
A-2 A-4
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47 Ferrite Process ( )

(mg/L)

O min

40 min

80 min

120 min

O min

40 min

80 min

120 min

Omin

40 min

80 min

120 min

O min

40 min

80 min

120 min

Ferrite Process
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Fenton Ferrite process EDTA
mCd 4
ECr 4b
OcCu
OHg 35
ENi
OP o 3P
=
BmZn 2B
: 2P
(&)
c
o 15
O
1p
5,
O |
A-1 A-2 A-3 A- 4
Sample NO. (O0min)
46 FeriteProcess Omin
2 0.¢2 EA-1
> mA-|2
S OA-3
° o cd OA-14
~ 0.03 mg/ -
%) 0.8
c
o
© 0.6p6
8 0.0p4
0.2
0. 66 ‘
40 mi 80 min 120 mi
Reaction Time ( min )
4.7 Fenton/Ferrite Process Cd
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Fenton Ferrite process EDTA
| 1. 0 mA-l1
2 1.ho WA-2
OA-|3
~ 1.0 OA- 4
o
c 1.0
o
© 0. 8B0
- 0.60
O
0. 40
0. RO
0. &6 :
40 min 80 min 120mj
Reaction Time ( min )
4.8 Fenton/Ferrite Process Cr
-
> BA-|1
= 1.H4
HA-|2
~ 1.p2 OA-|3
; OA-|4
(&)
c 1.10
o
O
0.8
S 0.6
O
0.4
0.2
0.“6 :
in 80 min 120min
Reaction Time ( min )
4.9 Fenton/Ferrite Process Cu
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Fenton Ferrite process EDTA

)

-~
> 0. 071 ¢ o BA-1L
£

0. 014 g BA- 2
- 0.005 mg/LL OA-|B
. 0. 014 ‘ OA- 4
(&)
S 0. 012
o
© 0. ot

0. 00 §
o
T 0. 004 .

0. 00 4

) (s

0. 046 :

40 min 80 min 120 mi
Reaction Time ( min )

4.10 Fenton/Ferrite Process Hg
-
> 0 mA-|1
E BA-2
_ 0.6 OA-|3
° 0.f5 2AY
c
(@]
O 0.4

0.3
-

0.2

0.r1

0.% :

40 min 80 min 120 min
Reaction Time ( min )

411 Fenton/Ferrite Process Ni
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mg / L
o
[\

(

S W NV =

Conc.
o
T
(=Y

Pb
o
o

0.r1
0.r1
0.1
0.0
0.0
0.0
|

0 .“
40 min 80 min 120 mi
Reaction Ti me ( mi n )

412 Fenton/Ferrite Process Pb
-
> 0. BA-|1
E WA-| 2
- 0.6 OA- |3
. OA -
© 0.5 Al
[
o
© 0.l4

0.3
c
N

0.2

0.H1

0.“ ‘ .

40 min 80 min 120mi|ln
Reaction Time ( min )

413 Fenton/Ferrite Process Zn

( )
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[
4.8 4.8 Ferrite
Process A2 A4
A-1 A3
TCLP
4.14 4.20
(Cd)  (Cu)
TCLP (Cd) A2 A4
TCLP (Cu) A2 A3
A-4 TCLP
4.8 Ferrite Process (TCLP)

424



Fenton Ferrite process EDTA
e ——— ——— i ki I I bk,

© 6.0
e
— 5.f0
o
c 4.10
(@)
@)
3.l0
Cd TCLP
o 1.0 mg/L
O - .0 mg
1. '
0.
A-1 A-2 A- 3 A- 4
Sampl e No.
414 Fenton/Ferrite Process Cd
( )
|
(@)]
= 0 .r8
0.7
. 0.6
(@]
c 0.5
(@]
O 0.}4
= 0.3
&)
0.2
0.r1
0.“6 : :
A-1 A- 2 A-3 A- 4
Sampl e NO.
4.15 Fenton/Ferrite Process Cr

( )
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Fenton Ferrite process EDTA

g 25¢0
Cu TCLP
~ 20 15.0 mg/L
o
< 15
o
@)
10
=)
@)
5.
0.6 ‘ ‘
A-1 A- 2 A-3 A- 4
Sampl e NO.
4.16 Fenton/Ferrite Process Cu
( )
.|
o)) 0.r5
S
— 0.4
o
= 0.3
(@]
@)
o 0.2
T
0.1
0.% ‘ ‘
A-1 A- 2 A-3 A- 4
Sampl e NO.
4.17 Fenton/Ferrite Process Hg

( )
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Fenton Ferrite process EDTA
e —————a ekl EI b}

o 0.¢5
£
~ 0.4
[&]
C -
o 0.r3
&)
_ 0.f2
Z
0.r1
0 .“B : :
A-1 A- 2 A- 3 A- 4
Sampl e NO.
418 Fenton/Ferrite Process Ni
( )
|
o 0.r4
£
- 0.r3
[&]
c
o
O 0.l2
o]
o
0.r1
0 .“B : :
A-1 A- 2 A-3 A- 4
Sampl e NO.
419 Fenton/Ferrite Process Pb




Eenton Ferrite process EDTA
-
o 0 .r6
S
— 0.r5
© 0.t4
c
o
O 0.3
c
N 0.2

0.r1

0 .“6 : :

A-1 A- 2 A- 3 A -
Sampl e NO.
4.20 Fenton/Ferrite Process Zn

(
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Fenton Ferrite process EDTA

4-2-3
1.Fenton
=5x10"*M
=300 rpm pH 2.0
=10>M
=1L
2.Ferrite Process
=70
=1L pH= 9.0 =(0.098M
=3 L/min
=900
=1L pH = 9.0 =0.098M
=3 L/min
=80
=1L pH = 10.0 =0.098M
=3 L/min
3. EDTA EDTA
100%
TCLP
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4-3
EDTA

Fenton Ferrite process

EDTA

2.7

2700
8000~10000 /
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Fenton

Ferrite process

EDTA

49 Fenton/Ferrite Process

(1)
H=m S t

=1000x1x(90-25)
=65000 cal
=65000calx(1.16x10°)

=0.0754 kWh
(2)

=50 Wx0.001 kWx0.3 hr
=0.015 kWh
(3) (NT)
=(0.0754 kWh + 0.015 kWh)
xNT$2.0/kWh
0.2

(1)H,0,=45 NT /1Lx0.001mLx5
NT 0.23
(2)Fe*'= 44 NT /1kgx0.001gx50g
NT 2.2

3)

=34 NT / 1kg x 0.001 g x 2
NT 0.07

4) (NT)

=0.23+2.2+0.07=NT 2.5

/1L)
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4.2 pH EDTA

1. 25 2x10* M 10°M EDTA 10°M
2. EDTA %

4-2



4.3 EDTA

1. 25 pH=2.0 2x10*M EDTA 10°%M
2. EDTA %
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4.4 EDTA

1. 25 pH=2.0 10°M EDTA 10°%M
2. EDTA %

4-9
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5-1
Fenton
(1) pH
pH EDTA
2) EDTA
EDTA
3 Fenton
e pH 20 5x10“M
10°M 1000 A-2
A4 )
® pH 20 5x10™M
10°°M 100 %

Al A3 )
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Ferrite Process

Q) Fenton/Ferrite Process A-1
(Cd Cu)
(20 A-2
3 A-3 Cd Hg
Cd TCLP
FP Cd Cd(OH),
TCLP
Cd™
4) A-4 80
TCLP
A-4
(5)
[ A-3 Cd Hg
40
TCLP
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Hg
80
(1) A-4 90
Hg
50
(20 A-3 Cd Hg 56
(3) BET
A-3 A-4
BET
BET(mg) (nm)
A-3 83.7338 4.2573

A-4 83.7846 4.7238




Fenton Ferrite process

5-2
(1)

(

Ferrite Process

(2 Ferrite Process

3)

EDTA
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