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Abstract─This study evaluated the performance of the photo-Fenton reaction when it was 
initiated using UV/H2O2 with steel waste and basic oxygen furnace slag (BOF slag), here called 
the UV/H2O2/BOF slag process, in order to decompose polyethylene glycol (PEG) in aqueous 
solution. The concentration of total organic carbon (TOC) was chosen as a mineralization index 
of the decomposition of PEG in the UV/H2O2/BOF slag process. A first-order kinetic model 
with respect to TOC was appropriately adopted to represent the mineralization of PEG in the 
UV/H2O2/BOF slag process. The experimental results obtained in this study suggest that 
dosages with 2.49 × 10-4 mol/min-L H2O2 and 25 g/L BOF slag loading in a solution at pH = 2.5 
with 120 µW/cm UV provided the optimal operation conditions for the mineralization of PEG, 
yielding 79.5% mineralization efficiency after 90 min of reaction time. 
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INTRODUCTION 
 

The application of the Fenton reaction to pro-
duce hydroxyl radicals for decomposing organic pol-
lutants has attracted much attention from researchers 
(Walling, 1975). It has been successfully applied to 
degrade aromatic compounds (Rivas et al., 2001; 
Saxe et al., 2000). Through the function of the agent 
of the Fenton reaction, which is a mixture of H2O2 
with iron salts, strong oxidative hydroxyl radicals, 
that is, , can be generated according to the fol-
lowing reactions (Chen and Pignatello, 1997; Tuba 
and Gurol, 2002) :  

OH⋅

−++ +⋅+→+ OHOHFeOHFe 3
22

2 , 

k1 = 76 M-1·s-1 , (1) 

+++ +⋅+→+ HHOFeOHFe 2
2

22
3 ,  

k2 = 0.02 M-1·s-1. (2) 
A Fenton reaction can also be initiated by a 

heterogeneous catalyst. Iron oxide has recently been 
employed as a catalyst for oxidizing organic con-
taminants with hydrogen peroxide (Lin and Gurol, 
1998). For example, α-Fe2O3 (Watts et al., 1997) 
and a novel supported γ-FeOOH catalyst (Chou et al., 
2001) have been applied, respectively, in the oxida-
tion of chlorobenzenes and benzoic acid with H2O2 
in aqueous solutions. 

In order to enhance the Fenton reaction, a 
photo-Fenton process (Feng et al., 2003; Liou et al., 
2004) was developed by introducing ultraviolet (UV) 
light into a Fenton process. When UV light is applied, 
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Fe2+ can be regenerated via the following photo reac-
ions (Wu and Deng, 2000): t

 
OHFehνFe(OH) 22 ⋅+→+ ++ , (3) 

+++ +⋅+→+ HOHFehνO)Fe(H 23
62 . (4) 

The reduction of Fe3+ to Fe2+ is advantageous for 
performing a Fenton reaction repeatedly without 
continuously adding Fe2+. The reaction mechanisms 
in Eqs. (3) and (4) also regenerate a strong oxidant, 

. Furthermore, a hydrogen peroxide can pro-
duce two hydroxyl radicals initiated by UV light, ac-
cording to Eq. (5): 

OH⋅

OH2hνOH 22 ⋅→+ . (5) 

Among these routes, Eqs. (3), (4) and (5) facilitate 
the formation of hydroxyl radicals and increase the 
decomposition rates of organic compounds. Many 
previous studies have shown that various refractory 
organic compounds (Bajt et al., 2001; Kiwi et al., 
1994; Lei et al., 1998; Zhao et al., 2004) can be ef-
fectively decomposed via the photo-Fenton process.  

Basic oxygen furnace slag (BOF slag) is one of 
the solid wastes that results from the making steel 
process. The main constituents of BOF slag are CaO, 
SiO2, Fe2O3, FeO, MgO, and MnO. From 5 to 20% 
FeO and from 1 to 8% Fe2O3 are present in BOF slag 
(Chiou et al., 2004a, 2004b; Li, 1999). Therefore, 
BOF slag has excellent potential for use in the Fen-
ton and photo-Fenton processes as an iron source due 
to its abundant iron-containing property. This can fa-
cilitate the reuse of waste materials and compliance 
with environmental regulations. 

In the electroplating solutions used by the 
printed wiring board (PWB) industry, polyethylene 
glycol (PEG) is used as a sheen and stabilization 
agent. This study assessed the function of BOF slag 
in enhancing the UV/H2O2 process, here called the 
UV/H2O2/BOF slag process, for mineralizing PEG. 
The concentration of total organic carbon (TOC) was 
chosen as a mineralization index of the decomposi-
tion of PEG using this UV/H2O2/BOF slag process. 
The effects of the pH value, UV intensity, H2O2 dos-
age rate, BOF slag concentration, and reaction tem-
perature on the mineralization of PEG were exam-
ined. Related kinetic equations were also developed 
based on the observed experimental results. 

 
 

MATERIALS AND METHODS 
 
PEG (H(OCH2CH2)nOH) used in this study was 

purchased from Merck (Darmstadt, Germany) and 
was reagent grade with a molecular weight (MW) of 
5,000 to 7,000. Hydrogen peroxide (35 wt%) was 
supplied by the Shimakyu Co. (Japan). BOF slag was  

   
Fig. 1. The experimental apparatus. Components: (1) syringe 

pump, (2) reaction vessel, (3) UV lamp, (4) stirrer, (5) 
pH meter, and (6) thermostat. 

 
obtained from the China Steel Corp., Taiwan. The 
BOF slag was washed with distilled water to remove 
adhering dust and then dried at 103°C. The heated 
BOF slag was cooled and sieved with No. 10 (open-
ing 2 mm) and No. 18 (opening 1 mm) mesh sieves 
to ensure a specific particle size of each sample. The 
TOC of each sample was analyzed with a TOC  ana-
lyzer (Tekmar Dohrmann Phoenix 8000).  

Oxidation reaction batch experiments were 
conducted in a 2-L round-bottle glass flask (9 cm di-
ameter and 32 cm height) with a water jacket (see 
Fig. 1). Mixing was performed by a variable speed 
motor connected to a stainless steel shaft, and the 
speed was kept at 400 rpm during the whole reaction 
time. The UV irradiation sources were two 8 W 
lamps encased in a quartz tube with wavelengths of 
312 nm. The UV intensity of one 8 W UV lamp was 
60 µW/cm2, and which was detected by a UVX Ra-
diometer (UVP Inc., U.S.A.) attached on the outside 
surface of the encased quartz tube. A variable speed 
motor connected to a stainless steel shaft was used 
for mixing. A pH controller was used to control the 
pH value of the solution by adding 0.1 M HNO3 or 
NaOH solution into the reactor. Hydrogen peroxide 
was supplied by a syringe pump with a constant feed 
rate. 

The effect of the pH value of the solution on 
the system performance was studied at various pH 
values of 2.0, 2.5, 3.0, and 4.0 with a constant dos-
age rate of H2O2 of 1.99 × 10-4 mol/min-L and an ini-
tial BOF slag dose of 20 g/L and PEG dose of 30 
mg/L, respectively. The influence of the UV inten-
sity on the system performance was evaluated at 
various UV intensities with 2.49 × 10-4 mol/min-L 
hydrogen peroxide, 20 g/L of BOF slag, and 30 
mg/L of PEG at a pH value of 2.5. The effect of hy-
drogen peroxide was examined by dosing it at vari-
ous dosage rates (9.97 × 10-5, 1.50 × 10-4, 1.99 × 10-4, 
2.49 × 10-4, 2.99 × 10-4, and 3.98 × 10-4 mol/min-L) 
into the reactor with a 120  UV intensity, 20 
g/L of BOF slag, and 30 mg/L of PEG at a pH  value  

2µW/cm
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Fig. 2. Dependence of the mineralization of PEG on time 

under various pH values adjusted by means of HNO3. 
Experimental conditions: initial concentration of PEG 
(CPEG0) = 30 mg/L, initial concentration of BOF slag 
( BOF ) = 20 g/L, dosing rate of HC 2O2 ( ) 
= 1.99 ×10

tC d/d
22OH-4

 mol/min-L, UV intensity = 120 , 
T = 298 K. 

2µW/cm

 
of 2.5. The effect of BOF slag was studied at various 
initial concentrations of 5, 10, 15, 20, 25, and 30 g/L 
with a 120  UV intensity, 2.49 × 102µW/cm -4 
mol/min-L of hydrogen peroxide, and 30 mg/L of 
PEG at a pH value of 2.5. The temperature in each of 
the above experiments was maintained at 25°C. The 
effect of the temperature was evaluated at 15, 25, 
and 35°C with a 120  UV intensity, 20 g/L 
of BOF slag, 2.49 × 10

2µW/cm
-4 mol/min-L of hydrogen 

peroxide, and 30 mg/L of PEG at a pH value of 2.5. 
 
 

RESULTS AND DISCUSSION 
 

Effects of pH 
 

As BOF slag was placed in the acid solution, 
some of its metallic oxides dissolved into the solu-
tion. Therefore, ferrous ions (Fe2+) could be gener-
ated from the BOF slag in the acid solution and par-
ticipated in the Fenton reaction. As described in our 
previous work concerning the degradation of 2-
naphthalenesulfonate (Chiou et al., 2004a), the  
leachate concentration of Fe2+ was affected by the pH 
value of the solution. Also, the pH value was previ-
ously found to be a parameter that affected a photo-
Fenton reaction (Mcginnis et al., 2000). As shown in 
Fig. 2, the mineralization efficiencies of TOCPEG, 
ηTOC,PEG = (TOC0 – TOC)/TOC0, were only 51.7% 
and 24.3% at pH 3 and 4, respectively, after 90 min 
of reaction time (t). The lower mineralization effi-
ciencies were due to the formation of iron hydroxide 
precipitation and a lower leachate concentration of 
iron ions from BOF slag under a higher pH value. 

ηTOC,PEG increased with acidity (decreasing pH 
value) up to a pH value of 2.5 but decreased with a 

further increase in acidity. The ηTOC,PEG values were 
about 74.1% and 64.3% for pH values of 2.5 and 2, 
respectively, at t = 90 min. Previous studies on the 
Fenton process (Lin and Lo, 1997; Wanpeng et al., 
1996) found that the optimal pH value condition for 
a Fenton reaction was pH = 3, suggesting that H+ in 
solutions at very low pH values may react with OH⋅ , 
as described by Eq. (6), and form H2O (Lin and Lo, 
1997):  

OHeHOH 2→++⋅ −+ , k = 7 × 10-9 M-1·s-1.
 (6) 

Hence, excess H+ under very low pH conditions 
can consume OH⋅ in the solution, thus degrading the 
decomposition performance of  for the target 
organic compounds. However, the role of the pH 
value suggested in previous studies (Lin and Lo, 
1997; Wanpeng et al., 1996) was based on experi-
ments performed with the single-dose addition of 
H

OH⋅

2O2 and Fe2+ at the beginning. In the present study, 
Fe2+ was leached out continuously from the BOF 
slag. Hence, to evaluate the effect of the pH value, 
we considered the inhibition described by Eq. (6) as 
well as the effect of the amount of Fe2+ leached out 
from the BOF slag at lower pH values on the effi-
ciency of the Fenton reaction. Lower pH values of 
the solution led to larger amounts of Fe2+ leached out 
during the Fenton reaction, but the higher acidity of 
the solution could reduce the mineralization effi-
ciency of the Fenton reaction, according to Eq. (6). 
Moreover, Fe(OH)2+ was reported to be the dominant 
species in the Fe3+-hydroxyl complex in aqueous so-
lutions with pH values ranging from 2.5 to 5 (Wu 
and Deng, 2000), and here, the lower quantity of 
Fe(OH)2+ resulted in lower concentrations of Fe2+ 
and OH⋅  via Eq. (3). When pH < 2.5, the concentra-
tion of Fe(OH)2+ was very low in the aqueous solu-
tion, which subsequently contributed lower concen-
tration of Fe2+ and OH⋅ , and then lower ηTOC,PEG. 
Thus, the optimal pH value for the effective miner-
alization of PEG was found to be 2.5. In order to 
achieve better treatment efficiency, the pH value of 
solution was maintained at 2.5 in the following ex-
periments. 

 
Mineralization efficiency of PEG under various 
conditions 
 

The wavelength of radiation is an important pa-
rameter for the production of Fe2+ and hydroxyl radi-
cals from the Fe3+-hydroxyl complex in aqueous so-
lutions via the photolytic reaction (Benkelberg and 
Warneck, 1995; Nadtochenko and Kiwi, 1998; Wu 
and Deng, 2000). Fe(OH)2+ is the dominant species 
in aqueous solutions with pH values ranging from 
2.5 to 5 (Wu and Deng, 2000), and wavelengths of 
UV   radiation   ranging  from  290  to  400  nm   can  
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Fig. 3. Dependence of the mineralization of PEG on time 

under various conditions. (△): no BOF, UV intensity 
= 120 , 

22OH  = 1.99 ×102µW/cm tC d/d
-4

 mol/min-L; 
(▽): no H2O2, UV intensity = 120 ,  = 
25 g/L; (□): no UV,  = 25 g/L,  =  

2µW/cm BOFC
BOFC tC OH d/d

22

1.99 × 10
-4

 mol/min-L; ( ◇ ): photon-Fenton, UV 
intensity = 60 , BOF  = 25 g/L, 

22OH  
= 1.99 ×10

2µW/cm C tC d/d
-4

 mol/min-L; (○ ): photon-Fenton, UV 
intensity = 120 , BOF  = 25 g/L, 

22OH  = 1.99 ×10
2µW/cm C

tC d/d
-4

 mol/min-L. CPEG0 = 30 mg/L, 
pH = 2.5, and T = 298 K in all of the experiments. 

 
photolsis Fe(OH)2+ to produce Fe2+ and hydroxyl 
radical based on the charge transfer band of 
Fe(OH)2+ as indicated in Eq. (3). Furthermore, ac-
cording to a report by Pignatello (1992), the degrada-
tion of organic compound by Fe3+/H2O2 was acceler-
ated by irradiation with light wavelengths above 300 
nm. Therefore, the wavelength of UV radiation util-
ized in this study was kept within a range  from 300 
to 400 nm. In general, the most readily available UV 
lamps with maximum emitting wavelengths ranging 
from 300 to 400 nm are 312 and 360 nm lamps. Pig-
natello (1992) also indicated that a radiation wave-
length of 312 nm led to a higher quantum yield than 
did a wavelength of 360 nm. Moreover, the direct 
photolysis of H2O2 generates according to Eq. 
(5), requiring UV radiation wavelengths < 360 nm 
(El-Morsi et al., 2002). Therefore, a UV radiation 
wavelength of 312 nm was investigated in this study. 

OH⋅

Figure 3 presents ηTOC,PEG as a function of time 
under different conditions. Condition (a) denotes a 
reaction system with a UV intensity of 120  
and a 

22OH  value of 1.99 × 10
2µW/cm

tC /dd -4 mol/min-L 
but without BOF slag here (called UV/H2O2). The 
obtained ηTOC,PEG percentage was only 6.7% after 90 
min of treatment. This result indicated that the direct 
UV photolysis of PEG and the oxidation of PEG by 
hydroxyl radicals shown in Eq. (5) did not lead to 
significant mineralization. Condition (b) represents a 
reaction system with a UV intensity of 120 

 and an initial BOF slag concentration 
 of 25 g/L but without H

2µW/cm
BOFC 2O2 (denoted here as 

UV/BOF slag). The percentage of ηTOC,PEG was about 
16% after 90 min of reaction time. This result re-
vealed that the observed mineralization of PEG was 
due to oxidation by OH⋅  shown in Eq. (3). Under 
condition (c), with H2O2 and BOF slag but without 
UV (denoted here as H2O2/BOF slag), the Fe2+ 

leached from the BOF slag mixed with H2O2 and ini-
tiated the Fenton reaction. In this case, a better effi-
ciency for ηTOC,PEG (about 50% at t = 90 min) was 
achieved than under conditions (a) and (b), verifying 
the strong oxidation ability of the basic Fenton reac-
tion. Conditions (d) with UV (60 ) 
/H

2µW/cm
2O2/BOF slag and (e) with UV (120 ) 

/H
2µW/cm

2O2/BOF slag led to efficient mineralization in the 
photo-Fenton reaction. The experimental results 
showed that the introduction of UV light enhanced 
ηTOC,PEG, indicating that higher UV intensity resulted 
in higher ηTOC,PEG. According to Eqs. (3), (4), and (5), 
UV irradiation can promote the production of Fe2+ 
and hydroxyl radicals, and Fe2+ mixed with H2O2 can 
initiate the Fenton reaction, thus increasing the effi-
ciency of mineralization of PEG. As a result, the 
mineralization efficiency of PEG under various  
conditions follows the sequence: UV (120 

)/H2µW/cm 2O2/BOF slag > UV (60 )/ 
H

2µW/cm
2O2/BOF slag > H2O2/BOF slag > UV (120 

)/BOF slag > UV (120 )/ H2µW/cm 2µW/cm 2O2. 

 

 
Effects of the ratio of H2O2/BOF slag  
 

Previous works (Tang and Huang, 1996; Tang 
and Tassos, 1997) reported that an appropriate ratio 
of H2O2 to Fe2+ was needed to achieve the optimal 
treatment efficiency for organic compounds. How-
ever, the optimal ratio varied with the characteristics 
of the organics. The photo-Fenton process adopted in 
this study employed BOF slag, which supplies Fe2+ 
at a constant leaching rate. Hence, the proper con-
tinuous addition of H2O2 can result in an adequate 
ratio of H2O2/Fe2+ with constant supplementation of 
Fe2+ from BOF slag.  

The effects of various dosing rates of H2O2 
(

22OH ) on ηtC /dd TOC,PEG are shown in Fig. 4. ηTOC,PEG 
increased as 

22OH  increased from 9.97 × 10tC d/d -5 
to 2.49 × 10-4 mol/min-L but then decreased 

22OH  exceeded 2.49 × 10tC d/d -4 mol/min-L. This 
transition was due to the effect of the ratio of H2O2 
to Fe2+ on ηTOC,PEG. At higher H2O2 and Fe2+ concen-
trations, the production of increased, acting as 
the sources of the reactions with hydroxyl radicals. 
An adequate increase in the production of 

OH⋅

OH⋅ should correspond to an increase in the miner- 
alization of PEG. However, the reaction rate constant 
between H2O2 and OH⋅  (reaction in Eq. (7)) (Bux-
ton  et  al.,  1988)  was as  high  as  2.7 × 107  M-1·s-1 : 
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Fig. 4. Dependence of the mineralization of PEG on time 

under various H2O2 dosing rates. Experimental 
conditions: CPEG0 = 30 mg/L, UV intensity = 120 

,  = 20 g/L, T = 298 K, pH = 2.5. 2µW/cm BOFC
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Fig. 5. Time variation of the mineralization of PEG under 

various  values.  Experimental   conditions:  UV BOFC
             intensity = 120 , C2µW/cm PEG0 = 30 mg/L, a dosing  

rate of H2O2 = 2.49 × 10
-4

 mol/min-L, T = 298 K, pH 
= 2.5. 

 
⋅+→⋅+ 2222 HOOHOHOH , 

k5 = 2.7 × 107 M-1·s-1 . (7) 
Thus, reaction (7) became a predominant reaction in 
comparison with the reaction between  and 
PEG at higher concentrations of H

OH⋅
2O2, resulting in 

the large consumption of  with excess HOH⋅ 2O2 in-
stead of the utilization of  in decomposing PEG. 
Hence, an increase in the concentration of a scaven-
ger, such as H

OH⋅

2O2, can result in an increase in the 
scavenging rate of radicals and, thus, a reduction in 
the mineralization efficiency. In this study, the pre-
dominant reaction of  with HOH⋅ 2O2 thus resulted in 
lower ηTOC,PEG values when  was higher 
than 2.49 × 10

tC d/d
22OH-4 mol/min-L. 

The effects of the loading concentrations of 
BOF slag on the mineralization of PEG are shown in 
Fig. 5. The results indicate that a higher ηTOC,PEG 
value could be obtained with a higher  (the 

amount of BOF slag per volume of solution) value 
up to 25 g/L. However, the η

BOFC

TOC,PEG value decreased 
when BOF  was higher than 25 g/L in this study. 
This was due to the fact that the excess Fe

C
2+ in the 

solution consumed the OH⋅  in the solution, as 
shown in Eq. (8) (Tang and Tassos, 1997), which re-
duced the oxidation efficiency:  

−++ +→⋅+ OHFeOHFe 32 ,  
k3 = 4.3 × 108 M-1·s-1. (8) 

The experimental results obtained in this study sug-
gest that a 

22OH  value of 2.49 × 10tC /dd -4 mol/min-L 
and a BOF  value of 25 g/L in a solution at pH = 2.5 
are the operating operation conditions for the miner-
alization of PEG. 

C

 
Kinetic studies of PEG mineralization 
 

The reaction kinetic of a photo-Fenton reaction 
on the mineralization of PEG via BOF slag with 
UV/H2O2 can be described as 

mkC
t
C

−=
d
d , (9) 

where C, m, t, and k  represent the TOC concentra-
tion of PEG, the order of the reaction, the time, and 
the reaction rate constant, respectively. For a first-
order reaction, Eq. (9) becomes 

kt
C
C

−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

0
ln , (10) 

where C0 is the initial TOC concentration of PEG. 
Consider the experimental data shown in Figs. 

4 and 5, with 
22OH  and BOFC  values ranging 

from 9.97 × 10
tC /dd

-5 to 2.49 × 10-4 mol/min-L and 5 to 
25 g/L, respectively, and where the ηTOC,PEG value in-
creased as the dosages of H2O2 and BOF slag in-
creased. Figure 6(a) shows plots at various 

22OH  values for a solution with  = 20 
g/L. Figure 6(b) shows plots at various BOFC  with 

22OH  at 2.49 × 10

tC d/d BOFC

tC d/d -4 mol/min-L H2O2. The re-
sults of Figs. 6(a) and 6(b) revealed reasonably good 
linear fits of the first-order kinetic model, as de-
scribed in Eq. (10).  

The value of the slope or k  in Fig. 6 varied 
with the 

22OH  and BOF  values, and are fur-
ther illustrated in Fig. 7. The linear relationships be-
tween ln  with ln ( ) and ln  give 
the following correlation: 

tC d/d C

k tC d/d
22OH BOFC

y
BOF

x CtCkk )()/d(d
22OH0= . (11) 

In Eq. (11), 
22OH , BOFC , x, and y are the mo-

lar dosing rate of H
tC d/d

2O2 (mol/min-L), the loading of 
BOF  slag  (g/L), and the orders of concentration de-
pendence  of    and  ,  respectively. tC /dd

22OH BOFC
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Fig. 6. Analysis of the mineralization kinetics of PEG 

simulated by means of a first-order reaction. (a) Cases 
with various H2O2 dosing rates at a constant BOFC  = 
20 g/L. The values of R2 for the regression lines of ▽, 
◇, □, ○: 0.935, 0.948, 0.989, and 0.996. (b) Cases 
with various BOF slag loadings at a constant H2O2 
dosing rate of 2.49 × 10-4 mol/min-L. The R2 values 
for the regression lines of ◇, △, ▽, □, and ○: 
0.971, 0.964, 0.988, 0.996, and 0.995, respectively. 

 
The values of x and y obtained from the slopes in Fig. 
7 (a) and 7 (b) were 0.53 and 1.06, respectively.  

The temperature dependence of the kinetic pa-
rameter k0 in Eq. (12) can be described by the Ar-
rhenius equation: 

⎟
⎠
⎞

⎜
⎝
⎛−=

RT
EaAk exp0 , (12) 

where A, Ea, T, and R are the frequency factor 
(1/min(mol/min-L)-0.53(g/L)-1.06), activation energy 
(J/mol), temperature (K), and gas constant (J/(mol·K)), 
respectively. The  effect  of  temperature  on  ki-netic 
parameter k0 was evaluated at 15, 25, and 35°C, 
yielding k0 values of 0.0295, 0.0453, and 0.0751 
1/min(mol/min-L)-0.53(g/L)-1.06, respectively. Plotting 
lnk0 against 1/T (1/K) gave an A value of 

1/min(mol/min-L)9104.3 × -0.53(g/L)-1.06 and an Ea 
value of 62.19 kJ/mol. Combining Eqs. (11) and (12) 
along with the reaction orders, frequency factor, and 
activated energy yields: 

ln(dCH2O2
/dt)
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Fig. 7. The relationship of k with d

22OH  and BOF . 
UV intensity = 120 , T = 298 K, pH = 2.5. (a) 
lnk vs. ln (d

22OH  at a constant BOF  = 20 g/L, 
r

tC d/ C
2µW/cm

)d/ tC C
2 = 0.988. (b) lnk vs. ln BOF  at a constant 

22OH  = 2.49 × 10
C

tC d/d -4 mol/min-L, R2 = 0.970. 
Units of k, 

22OH , and : 1/min, mol/min-L, 
and g/L, respectively. 

tC d/d BOFC

 

.)()/d(d7480exp104.3 06.153.0
OH

9
22 BOFCtC

T
k ⎟

⎠
⎞

⎜
⎝
⎛−×=

 (13) 
Figure 8 compares the values of k predicted by Eq. 
(13) with the experimental data, showing a satisfac-
tory agreement with an R2 value of 0.994. The reac-
tion rate constant (k) increased with increasing 

22OH  and BOF  value in the range 9.97 × 10tC d/d C -5 
~ 2.49 × 10-4 mol/min-L for d  and 5 ~ 25 
g/L for C . 

tC d/
22OH

BOF
 
 

CONCLUSION 
 

The major results of applying photo-Fenton 
with BOF slag to mineralize PEG can be summa-
rized as follows: 
(1) The mineralization efficiency of PEG followed 

the sequence: UV(120 )/H2µW/cm 2O2/BOF slag 
>UV (60  µW/cm ) / H2

2O2 / BOF slag > H2O2 / 
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(dCH2O2
/dt)0.53(dCBOF/dt)1.06

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

k

0.000

0.003

0.006

0.009

0.012

0.015

0.018

0.021

 
 
Fig. 8. Reaction rate constant (k) versus 

22OH  
for the mineralization of PEG with BOF 

slag in the presence of UV/H

63.0)d/d( tC
60.0)( BOFC

2O2. Experimental 
conditions: T = 25°C (298 K), UV intensity = 120 

, pH = 2.5. Line:  2µW/cm /T)7480exp(104.3 9 −×=k
06.153.0

OH )()d/(d
22 BOFCtC , ○  : experimental data, 

R2 = 0.994. 
  
BOF slag > UV(120 )/BOF slag > 
UV(120 )/H

2µW/cm
2µW/cm 2O2.

(2) The experimental results obtained in this study 
suggest that UV irradiation of 120 , a 
H

2µW/cm
2O2 dosage of 2.49×10-4 mol/min-L, and a 

BOF slag loading of 25 g/L in a solution at pH 
2.5 are the optimal operating conditions for the 
mineralization of PEG, and in this study 
yielded 79.5% mineralization efficiency during 
90 min of reaction time.  

(3) The reaction rate for the decomposition of PEG 
in terms of TOC (k) can be further correlated 
with the molar dosing rate of H2O2 and the 
loading concentration of BOF slag by means of 
power expressions, yielding  

 

06.153.0
OH

9 )()/d(d7480exp104.3
22 BOFCtC

T
k ⎟

⎠
⎞

⎜
⎝
⎛−×= . 

 
 

NOMENCLATURE 
 

CBOF amount of BOF slag in an aqueous solu-
tion, g/L 

+2Fe,C  concentration of ferrous ion in an aque-
ous solution, mg/L 

CPEG0 initial concentration of PEG in an aque-
ous solution, mg/L 

 
Greek symbol 
 
 ηTOC,PEG decomposition efficiency of TOCPEG, 

(TOCPEG0 – TOCPEG)/ TOCPEG0 

Acronyms 
 
BOF slag basic oxygen furnace slag 
PEG polyethylene glycol 
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摘  要 

煉鋼廢棄物中之轉爐石其富含Fe2+，可應用來催化雙氧水以啟動費頓反應，進而產生氫氧自由基來礦化有機污染

物，費頓反應後所產生之Fe3+ 可藉由紫外光的照射而轉換成Fe2+，如此便可持續催化雙氧水，且紫外光亦可分解雙氧水

以產生氫氧自由基，進而提升有機物礦化的效率，本實驗便利用轉爐石於UV/H2O2的存在下以礦化水溶液中的聚乙烯

醇，實驗發現在pH = 2.5、UV光強度為 120 ，雙氧水及轉爐石添加量分別為 2.49 × 102µW/cm -4 mol/min-L及 25 g/L時，

於 90 分鐘之反應時間，對PEG可達 79.5% 的最佳礦化效率，並將此礦化效率以動力學的方式加以描述。 


