2018 5 7 A LPAPNE - S QL9 Jul. 2018
oo AW Journal of Sichuan University (Natural Science Edition) Vol. 55 No. 4

doi: 10.3969/j. issn. 0490-6756. 2018. 04. 024

BAEESSLSRELANHER
R LT K Ab SR A 3T

gﬁi@fﬁl’z7 -u QI%E\[Q 9 j‘lj)\(ﬁl,29 E %%17 -u \\ ﬁ)‘l éﬁ%ﬁl
(1. NILURFE 2= B fb 2 b T 2g B, VL 6411125 2. SREREIEFY IR 4 SR E S %, WYL 641112)

W E.AMRUAEHEREAEILANFNELARE BLZREENCLAKXTEABNE. AL
NaClO #= NaOH &4 % & B & £ & NiOOH 41'21'{:%*]. A—ZREARPTREAFTRERY,
TP AR & e R R AT NiOOH 1840 7 69 /1L M dk. AEAL A = R AR M E . pH.BRE A
TE.0ANBHLELRNEFEBAELRBIRE T EAIMEAZR G YA R BT FRARGR
RS 5 R AWM EBE A 55 °C.pH A S ELAF 4 1.0 g . NaClO ¥ 4 15. 0 mL &,
TPREEYEAMRERNE A 131 min. & H Z5FF KA ARG H a5 AR E>ELH >
pH>NaClO &. F AL RA L RAASFHAHBEHN 35 C.pH A 8 LA EH 1.0 g,
NaClO & % 15.0 mL.

EEER . RKMA BB RABM; HAESALO]

RESZES. 0647. 33 XERARIREG . A MBS 0190-6756(2018)04-0802-11

Study on preparation of ceramic foams-based nickelic
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Abstract: Activated carbon was used as the pore forming agent to prepare ceramic foams on which NiCl,
was loaded by impregnation, followed by reaction with NaClO and NaOH mixed solution to generate
NiOOH catalyst. Methylene blue was employed as the sewage simulacrum,and the catalytic performance
of NiIOOH catalyst was measured by fading time of methylene blue. The dosages of catalyst and sodium
hypochlorite, pH.and temperature were used as variables to explore the influences on catalytic effect of
sewage treatment and determine the optimal combination conditions by the single factor and orthogonal
test,respectively. The results indicate that the complete fading time of methylene blue is 131 min when
the temperature,pH,dosages of catalyst and NaClO are 55 °C,8,1. 0 g and 15. 0 mL.,respectively. Se-
quence of significant effect of factors on fading time of methylene blue is temperature > dosage of cata-

lyst > pH >dosage of NaClO. The optimal practical combination conditions for sewage treatment are
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confirmed as that the temperature,pH value,and the dosages of catalyst and NaClO are 35 °C,8,1.0 g,

and 15. 0 mL,respectively.

Keywords: Ceramic foams; Nickel catalyst; Sodium hypochlorite; New eco oxygen [ O]

1 Introduction

Water resources are the indispensable for hu-
man survival,and the rational utilization and recy-
cling of them become an urgent problem to be
solved. As the sewage treatment technology in our
country started relatively late, it has become an
important factor affecting the development of
sewage treatment industry. It is reported that so-
dium hypochlorite is widely used in various sec-
tors of the national economy as a bactericide, a
bleach and an oxidant'. In social life, especially
in the treatment of urban sewage, sodium hypo-
chlorite has been widely used because of its good
disinfection and simple operation'® due to its low
price and small pollution"®. The principle is that a
large number of new ecological oxygen [ O],
which is a powerful oxidant, was produced in the
decomposition process of sodium hypochlorite.
This performance plays a key role in the process
of sterilization, bleaching, etc'*'. The speed and
degree of sterilization and bleaching are positively
correlated with the formation rate and the concen-
tration of new ecological oxygen [ O]. Sodium hy-
pochlorite solution is unstable, and the decompo-
sition is easily influenced by many factors such as
light, temperature, concentration, pH, and impure

). However, the decomposition

metal cations
speed of sodium hypochlorite under natural condi-
tions is slow, and thus the oxidation efficiency is
quite low. How to improve the decomposition rate
of sodium hypochlorite is particularly critical. It
has been shown that catalytic method can increase
the decomposition speed of NaClO and improve its
oxidation performance. It can be considered as one
of the most effective ways to treat organic
wastewater® ™,

At present,studies on impacts of the decom-
position of sodium hypochlorite are relatively

rarely reported. Decomposition of sodium hypo-

chlorite is caused mainly by transition metal ions
such as Cu, Ni, Fe, Zn and Pb, among which Ni
and Cu are significant"*, Nickel can be considered
as a catalyst because of its good dispersion and
easy loading. A redox reaction can be promoted by
Nickel catalyst due to its variable valence®’. In a
series of previous work, Ni, O; has been used to
produce [ O] by decomposition of sodium hypo-
chlorite, and appreciable results have been a-
chieved™” . Besides, Nickel catalyst was also used
to catalytic decomposition of Calcium hypochlo-

[ However, in industrial production, it is

rite
difficult for recovery of the catalyst with a low
concentration after the addition of catalyst to
wastewater due to the difficulty in solid-liquid
separation. As a result, it is necessary for the
loading and dispersing of Nickel catalyst on a car-
rier. Nickel catalyst has a good selectivity and ac-
tivity at a low temperature, but its activity is af-
fected by the properties of carrier materials’®’ . So,
it is critical for choosing a suitable carrier to sup-
port the catalyst. The most studied carrier materi-
als are activated carbon,alumina, molecular sieves
and zeolites, ceramic, and silica gel, ezc . Be-
sides, it has been reported that foamed cement
was used to support Nickel catalyst to accelerate
decomposition of sodium hypochlorite to treat
practical printing and dyeing wastewaterl”"'2:13,
However, in the foamed cement, the pores are
mainly closed,and the specific surface area is quite
small, which is not conducive to effective loading
of catalyst.

Ceramic foams, one of the most important
materials, have been widely used in a range of
fields, namely filters, catalysts supports, bone

scaffolds,due to their characteristics of high per-

meability, high porosity and specific surface are-

a!’l&léﬂ [17-20] s

. Combining with our previous work
ceramic foams were prepared by adding activated

carbon as the pore forming agent and used to sup-
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port Nickel catalyst. The simulated sewage treat-
ment, which was added sodium hypochlorite in ad-
vance, was carried out with methylene blue as the
simulated pollutant. It is convenient for recycling,
and can effectively prevent secondary pollution.
This work may provide a new way for investiga-

tion of sewage treatment.

2 Experiment

2.1 Preparation of ceramic foams

Kaolin, talc powder,and alumina with a mass
ratio of 24 ¢ 8 + 3 were mixed uniformly to be ce-
ramic raw materials,and activated carbon particles
with the diameter of 0. 3-0. 6 mm were used as the
pore forming agent. The ceramic raw materials
and pore forming agent in mass ratio of 1:1 were
mixed evenly, adding a certain amount of polyvi-
nyl alcohol solution (PVA 1788,8.5 wt. %). The
mixture was mixed uniformly, followed by mold-
ing in a mould sized (21+1) mm X (21+1) mm.
Subsequently, they were placed to dry in air at-
mosphere at room temperature, and then put in
the oven to further dry at 80 °C for 24 h. After
that, they were demoulded to get ceramic foams
green body,followed by calcination in a furnace at
1200 °C for 2 h in air atmosphere. The samples
were cooled down to room temperature in the fur-
nace to obtain the final ceramic foams.
2.2 Nickel catalyst loaded on ceramic foams

Ceramic foams were cut into small hexahed-
ral pieces with a size about 5 mm X5 mm X5 mm
and dipped in the NiCl, solution (0.5 mol/L) for
2d,4d and 6d numbered 1,2 and 3, respectively.
After immersion, they were dried at 80 °C in the
oven,and then cooled down. The aforementioned
NiCl, particles loaded on ceramic foams were im-
pregnated in the mixed solution of excess NaClO
and NaOH for 24 h,followed by drying at 80 °C in
the oven to get the black Nickelic hydroxide
(NiOOH ). The specific chemical reaction is
shown in Formula 1.

2NiCl, +NaClO+4NaOH—>2NiOOH + 5NaCl
+H,0 D

2.3 Simulated sewage treatment

Methylene blue solution with a concentration
of 10 mg/L. was prepared and used in all of the
experiments to simulate the sewage (200 mL per
group). After adjusting pH value, methylene blue
and sodium hypochlorite were treated in a water
bath at the desired temperature, respectively. The
two solutions were keeping for 10 min seperately,
and then mixed uniformly. After that, Nickel cata-
lysts loaded on ceramic foams were added into the
above mixed solution, and the complete fading
time of methylene blue was recorded to be the e-
valuation index.

By referring to similar studies in litera-

3] the temperature, pH,and dosages of cata-

ture
lyst and NaClO were set to be 35 C,8.0,1.0 g
and 15. 0 mL, respectively as the benchmark for
the single factor experiment to study the effect of
them on the fading time of methylene blue, as
shown in Tab. 1. In addition,in order to determine
the sequence of significant effect of factors on the
decomposition of sodium hypochlorite and the optimal
condition for decomposition of sodium hypochlorite,
an orthogonal test of four factors at three different
levels was designed in this study. The four factors are
the temperature, pH value, the dosages of catalyst and
sodium hypochlorite,and the corresponding three lev-

els are shown in Tab. 2.

Tab.1 Design of single factor experiment

Catalyst Temperature Sodium hypochlorite
. pH value
dosage (g) T dosage (mL)
0.0 15 3.0 5.0
0.5 25 5.4 10. 0
1.0 35 8.0 15.0
1.5 45 10 20.0
2.0 59 12 25.0

Tab. 2 Design of the orthogonal test

. Sodium
Temperature Catalyst .
o pH value  hypochlorite
(QOD) dosage (g)
dosage (ml)
Level 1 25 0.5 5.4 10.0
Level 2 35 1.0 8.0 15.0
Level 3 45 1.5 10 20.0
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2.4 Characterization

The open porosities (P) of ceramic foams are
determined by the Archimedes method. The mi-
croscopic structures of the specimens before and
after loading were characterized by a scanning e-
lectronic microscopy (SEM, VEGA3, TESCAN,
Czech Republic). The crystalline phases of the
samples were investigated by an X-ray diffractom-
eter (DX-2700, Dandong Haoyuan Instrument
Co. , Ltd. , China) using Cu Ku radiation at a

1

scanning rate of 0.05° s~ ' and a working voltage/

current of 40 kV/40 mA.

3 Results and discussion

3.1 Open porosity analysis

The open porosities (P) of ceramic foams are
determined by the Archimedes method™™ . The
open porosity of foamed ceramic is listed in Tab.
3. It can be seen that the open porosities of the 5
parallel samples in the experimental group have
little difference,and all of them are maintained be-
tween 42% ~46%. In order to avoid the acciden-
tal, an average open porosity of 43. 53+ 2. 47%
was used as the eventual value. The reason for the
low obtained open porosity is that the pore form-
ing agent content is not high (50 wt. %). The
pore forming agent (activated carbon) occupies a
certain volume,and is removed forming carbon di-
oxide by calcination and leaving the pores. The
dosage of pore forming agent and particle size play

a dominant role in deciding the porosity and pore

size.
Tab.3 Open porosities of ceramic foams
Samples  mi(g)  ma(g)  ms(g) Porog‘;;“< %)
1 7.3094 10.0995 6.5481 42.61
2 6.9984 9. 8580 6.2163 46. 00
3 6.9061 9.5052 6.0913 42. 67
4 6.3535 8.7283 5.6355 42,14
5 6.9502 9.6428 6.0890 44, 22

Average value - - - 43.53 (£2.47)

3.2 SEM analysis
Scanning electron microscopy (SEM) was

used to investigate the morphology of ceramic

foams,and Nickelic hydroxide loaded on ceramic
foams before and after simulation of wastewater
treatment. Fig. 1 shows the SEM images of raw
ceramic foams at different magnifications. It can
see from Fig. 1,a rugged surface of ceramic foams
is existed at low magnification. There are many
pores distributed unevenly and interconnected
throughout the three-dimensional channels. The
pore walls are relatively smooth, and the macro-
pores are formed due to the burning out of activa-
ted carbon. It can be observed that some inde-
pendent small holes are distributed on the hole
struts at high magnification. It is because,on one
hand, the binder was burned out forming small
pores in ceramic foams after calcination; on the
other hand, some small activated carbon particles
were burned out.

Fig. 2 is SEM images of NiCl, loaded on ce-
ramic foams by dipping 2d.4d,and 6d. Comparing
with the original foamed ceramic in Fig. 1, the
pores are still interconnected with each other
through the three-dimensional network channels
at low magnification. However, the wall and
struts of pores are not as smooth as that of the o-
riginal ceramic foams. Instead, the pore wall and
struts are covered by some materials and become
rough. At high magnification,a dense and irregu-
lar crystal structure on the pore wall can be ob-
served.

Fig. 3 presents SEM images of NiOOH load-
ed on ceramic foams by the reaction of NiCl, (2d,
4d, and 6d) with NaClO and NaOH. The pore
wall and struts are still rough at low magnifica-
tion. The loading became smoother at high magni-
fication as compared with that in Fig. 2, which is
due to reaction (1),

After reaction, the green NiCl, crystals were
transformed into the black NiIOOH particles atta-
ched unevenly to the pore surface and struts. For
the sample of 4d,obvious flake and irregular gran-
ular crystals are observed on ceramic foams,
which may be a by-product of the transformation
from the green NiCl, into the black NiOOH.
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Fig.1 SEM images of ceramic foams at different magnifications
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Fig. 2 SEM images of NiCl, loaded on ceramic foams

Fig. 4 is a SEM image of NiOOH catalyst existed on the inner wall of ceramic foams after
loaded on ceramic foams after simulated sewage the sewage treatment. The microstructure of the

disposal. It shows that the irregular loads are still samples of 2d and 6d at high magnification are in
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between Figs. 2 and 3, and the inner wall of ce-
ramic is rough. Some load can be seen roughly
granular,and some load is unshaped. The micro-
scopic image of 4d sample is obviously different
from the other two samples. A mixture of angular
cubic crystal and granular crystals are existed,

which may be associated with the conditions of

SEM HV: 20.0 kV WD: 11.93 mm
SEM MAG: 500 x Det: SE
SEM MAG: 500 x | Date(m/dly): 10/28/16 NJNU

-
SEM HV: 20.0 kV WD: 11.65 mm |

SEM MAG: 500 x Det: SE 100 pm
SEM MAG: 500 x  Date(m/dly): 10/28/16 NJNU

SEM HV: 20.0 kV WD: 12.39 mm
SEM MAG: 500 x Det: SE 100 ym
SEM MAG: 500 x | Date(mydly): 10/28/16 NJNU

VEGA3 TESCAN
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VEGA3 TESCAN

L7 4
&

VEGA3 TESCAN

simulated sewage treatment. This group experi-
ment was carried out at a pH value of 5. 4,and the
reagent used to adjust pH was hydrochloric acid.
The crystallized powders of NiCl, and cubic crys-
tal of NaCl were generated on the surface of ce-

ramic foams.

SEM HV: 20.0 kV WD: 10.51 mm VEGA3 TESCAN

SEM MAG: 5.00 kx Det: SE 10 pm
SEM MAG: 5.00 kx  Date(m/dly): 10/28/16 NJNU

g} s
VEGA3 TESCAN|

w
SEM MAG: 5.00 kx Det: SE 10 pm
SEM MAG: 5.00 kx Date(m/dly): 10/28/16 NJNU

SEM HV: 20.0 kV WD: 11.50 mm

G =

SEM HV: 20.0 kV WD: 12.18 mm

SEM MAG: 5.00 kx Det: SE 10 ym
SEM MAG: 5.00 kx | Date(m/dly): 10/28/16 NJINU

VEGA3 TESCAN

Fig. 3 SEM images of Nickelic hydroxide loaded on ceramic foams

It can be seen from Figs. 2 —4 that, on the
whole,impregnation days have little effect on the
loading surface of ceramic foams, and the inten-
sive loads appear on the pore surface. Considering
the actual conditions, two days are chosen as the

ideal immersion time of foamed ceramic to save

time and improve the efficiency of sewage treat-
ment. At the same time,a load was still existed on
the pore surface of ceramic foams through the ob-
servation of the sample after simulation of sewage
treatment. Therefore, Nickel catalyst loaded on

ceramic foams can be considered reusable.
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3.3 XRD analysis

Fig. 5a is the XRD pattern of ceramic foams.
It can be seen that the diffraction peaks of mullite
(3AL,0; * 2Si0,) , corundum (AL, O;),and quartz
(SiO,) are observed in ceramic foams which do
not support catalysts. Cristobalite is from the raw
material kaolin (Al, Oy « 2Si0O, « 2H,0O) ,and co-
rundum is from alumina (Al, O;) and kaolin. Kao-
lin was decomposed into free SiO, and Al; Os ,and

thus the diffraction peaks of kaolin disappeared

L
SEM HV: 20.0 kV WD: 12.17 mm
SEM MAG: 500 x Det: SE 100 pm
SEM MAG: 500 x  Date(m/dly): 10/28/16 NJNU

SEM HV: 20.0 kV WD: 12.01 mm

SEM MAG: 500 x Det: SE 100 pm
SEM MAG: 500 x | Date(m/dly): 10/28/16 NJNU

SEM HV: 20.0 KV WD: 11.46 mm
SEM MAG: 500 x Det: SE 100 pm
SEM MAG: 500 x | Date(m/dly): 10/28/16 NJNU

VEGA3 TESCAN SEM HV: 20.0 kV
SEM MAG: 5.00 kx Det: SE 10 pm

SEM MAG: 5.00 kx |Date(m/dly): 10/28/16 NJNU

VEGA3 TESCAN SEM HV: 20.0 kV

VEGA3 TESCAN

when the sintering temperature was 1150 ‘C. SiO,
can react with Al, O; forming sillimanite (Al, O, -
SiO,). In this work, the final calcination tempera-
ture was 1200 “C, and thus transformation from
sillimanite into mullite occurred at 1175-1200 °C,
during which SiO, is engendered in the form of
quartz strengthening the diffraction peaks of
quartz. So, the diffraction peaks of quartz, corun-

dum and mullite are detected in Fig. 5a.

WD: 12.35 mm

WD: 10.12 mm
SEM MAG: 5.00 kx Det: SE 10 pm
SEM MAG: 5.00 kx |Date(m/dly): 10/28/16 NJNU

VEGA3 TESCAN,|
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/ R )
WD: 11.36 mm VEGA3 TESCAN|

Det: SE 10 pm

SEM MAG: 5.00 kx |Date(m/dly): 10/28/16 NJNU

Fig.4 SEM images of ceramic foams after sewage disposal

Cristobalite is chemically inert and complete-
ly neutral pH, which makes it generally does not
undergo chemical changes and induction reaction

in complex chemical systems. In addition, it has

the advantages of high temperature and acid-alkali
corrosion resistant which makes it is not deterio-
rated even at extremely high temperature or in

harsh acid-alkali environment. Corundum has a
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performance of high hardness and high melting
point. Mullite is also chemically inert, and is a
kind of high-quality refractory. The three main
components make ceramic foams have good per-
formances of acid-alkali corrosion and high tem-
perature resistant, and thus ceramic foams main-
tain a relatively stable state in a variety of com-
plex environments.

Fig. 5b is XRD pattern of ceramic foams sup-
ported Nickel catalysts by dipping ceramic foams
into NiCl, solution for 6d and reacting with excess
NaClO and NaOH. Compared with Fig. 5a, it can
be seen that in addition to the diffraction peaks of
mullite (3AL O; * 2Si0,) , corundum (Al, O;) ,and
quartz (Si0O,) ,the diffraction peak of NiOOH ap-
pears,which is due to the reaction between NiCl,
and excess NaOH and NaClO solution. A strong
diffraction peak of NaCl was also detected in XRD
pattern, because the excess NaClO and NaOH are
added to produce NaCl. The specific reaction is
given Formula 1.

Fig. 5¢ shows the XRD pattern of ceramic
foams after simulation of sewage treatment. Com-
pared with Figs. 5a and 5b, there are still obvious
diffraction peaks of mullite, corundum, and
quartz, and also obvious diffraction peaks of
NiOOH and NaCl. It can be seen that the main
composition of the sample after simulated sewage
treatment is similar to that of the specimen before
sewage treatment, and NiOOH is still existed,
which is consistent with the SEM analysis. Thus,
NiOOH catalyst loaded on ceramic foams can be
considered reusable.

3.4 Catalytic performance

In the single factor experiments, the bench-
mark of the temperature,dosages of sodium hypo-
chlorite and catalyst, pH value are set as 35 C,
15.0 mL, 1. 0 g and 8, respectively. The target
value of each group of experiment is the total fa-
ding time of methylene blue,and the data are re-
corded in Tab. 4. It can be seen from Tab. 4 that
the most obvious influencing factor is the reaction

temperature.
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Fig. 5 XRD patterns of different specimens (a)
Ceramic foams, (b) Dipping for 6d and re-
acting with NaClO and NaOH, and (c)
After simulated sewage disposal
Tab.4 The result of single factor experiment
Catalys aClO
Catalyst Temperature NaClC Fading
No.  dosage B pH value dosage . .
C)H time (min)
(g) (mL)
1 1 15.0 8 15.0 2678
2 1 25 8 15.0 1158
3 1 35 8 15.0 386
4 1 45 8 15.0 200
5 1 55 8 15.0 131
6 1 35 3 15.0 514
7 1 35 5.4 15.0 426
8 1 35 10 15.0 367
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(Continued)

Catalyst | NaClO L
Temperature Fading
No.  dosage N pH value dosage . ,
CH time (min)
(g) (mL)
9 1 35 12 15.0 334
10 0 35 8 15.0 523
11 0.5 35 8 15.0 485
12 1.5 35 8 15.0 356
13 2 35 8 15.0 343
14 1 35 8 5.0 590
15 1 35 8 10.0 454
16 1 35 8 20.0 374
17 1 35 8 25.0 351

The fading time of methylene blue shortened
sharply with the increase of temperature,and the
decreasing trend gradually slowed. At the same
time, the fading time of methylene blue was also
affected by the pH value, the dosages of catalyst
and sodium hypochlorite. They were all negatively
correlated, while the impact degree was nowhere
near as the temperature. It only needed 131 min
for the complete fading of methylene blue when
the temperature,pH value, the dosages of catalyst
and NaClO were 55 C,8,1.0 g,and 15.0 mL,re-
spectively.

Nickel catalysts are mainly NiO, Ni, O, and
NiOOH. The catalytic mechanism of NiO can be
explained as following. The crystal structure of
NiO is NaCl type®, oxygen can be transferred
from the lattice to reactant molecules to form
more than 2 species of nickel cations with variable
valences. In addition, cations in the lattice can also
be crossed soluble, forming a fairly intricate struc-
ture. This is because NiO belongs to the P type
semiconductor, and nonstoichiometry can be
caused due to the lack of positive ions, forming
cation vacancies. In order to maintain the electron-
eutrality, two Nit" transform into NiT"‘ " near
the hole. The latter can be regarded as a Ni"'
bounded a hole “(+4) 7% The hole transforms in-
to a free hole with the increase of temperature,
and can migrate on the solid surface and adsorb
the negatively charged ions,such as CIO . At the

same time,the hole can capture electrons of ClIO™

and strip activated oxygen atoms to accelerate the

decomposition of hypochlorite. In this work, Ni" ™
was hydrolyzed to NiCOH) which was oxidized to
NiOOH by sodium hypochlorite. The mechanism
of the decomposition of sodium hypochlorite cata-
lyzed by NiOOH catalyst in the system can still
be explained by the redox catalysis reaction.
3.5 The optimal conditions for simulated sewage treat-
ment
A catalyst is a substance that changes the
speed of the chemical reaction of the reactants.
However, it does not participate in the chemical
reaction,and does not change the chemical equi-
librium. NiOOH can be generated by the reaction
between NiCl, and excessive mixed solution of
NaOH and NaClO. The reaction does not happen,
and methylene blue solution does not fade when
only Nickel hydroxide is added into methylene
blue solution at room temperature and 40 C ac-
cording to the literature™™®. However,the methyl-
ene blue can be oxidized to fade when only NaClO
was added, while the fading time can run as long
as 3 days. It can be concluded that NiOOH, as a
catalyst,can be added to catalyze the chemical re-
action between sodium hypochlorite and methyl-
ene blue. The speed changes of the reaction be-
tween methylene blue and sodium hypochlorite
was explored in the presence of NiOOH catalyst.
Single factor experiments have proved that
some factors have a certain influence on the fading
speed of methylene blue. A further study on the
optimal conditions for simulated wastewater
treatment was carried out on the basis of single
factor experiments. The optimum process parame-
ters of sewage treatment under the action of Ni
catalyst supported on ceramic foams was explored
by an orthogonal test of four factors at three dif-
ferent levels. The temperature, pH, dosages of
catalyst and sodium hypochlorite were selected as
four factors, and the complete fading time of
methylene blue was used as the target. The corre-
sponding results were noted down, and the range
analysis was also carried out,all shown in Tab. 5.
To some extent, the range reflects the dis-

crete degree of the obtained data. The greater the
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range, the influence of this factor on the fading
time of methylene blue will be greater. Therefore,
it can be concluded from Tab. 5 that the sequence
of the influence factors on the fading of methylene
blue is temperature > catalyst dosage > pH >
sodium hypochlorite dosage according to the data
in Tab. 5.

Tab.5 The results of orthogonal test
Serial Temperature Catalyst NaClO F:{ding
number C) dosage pH value  dosage tm.”lc
(g) (mL) (min)
1 25 0.5 5.4 10.0 1925
2 25 1 8 15.0 1421
3 25 1.5 10 20.0 1149
4 35 0.5 8 20.0 473
5 35 1 10 10.0 483
6 35 1.5 5.4 15.0 444
7 45 0.5 10 15.0 239
8 45 1 5.4 20.0 263
9 45 1.5 8 10.0 197
Ky 1498. 33 879 877.33 868. 33
K, 466.67 722.33 697 701. 33
Ky 233 596. 67 623.67 628. 33
R 1265. 33 282.33 253. 66 240

In a certain temperature range, with the in-
crease of temperature, the fading time of methyl-
ene blue was dramatically decreased. The dosages
of catalyst and sodium hypochlorite,and pH value
also affect the reaction time, however, the influ-
ence degree was lesser as compared with the tem-
perature. The reaction time was negatively related
to all the factors mentioned above. As a whole, the
higher the temperature, the greater the dosage of
catalyst,the greater the pH value and the greater
the dosage of sodium hypochlorite, the faster the
reaction speed and the shorter the fading time of
methylene blue are. The pH value of sodium hy-
pochlorite itself is between 8-9,and the effect of
pH value on the reaction time is not as obvious as
before when the pH value is 8-9. The temperature
has the most significant effect on the reaction
time. In addition, the influence degree was more
remarkable between 25~35 ‘C than 35~45 °C by
comparing the effect of temperature on the reac-

tion time. Taking into consideration the actual

production cost,safety and maintenance of equip-
ment, the reaction temperature, the dosages of
catalyst and sodium hypochlorite can not be infi-
nitely increasing. Therefore, the actual production
and application conditions need to be taken into
account when the series process parameters are
increased. In summary, it can be concluded that
the optimal process parameters of sewage disposal
by ceramic foams supported Nickel catalyst are
confirmed as that the temperature, pH value,and
the catalyst and NaClO dosages are 35 C,8,1.0

g.and 15. 0 mL,respectively.

4 Conclusions

Pores of the prepared foamed ceramic are in-
terconnected with each other,with a large surface
area and an open porosity of 43. 53%. The main
components of ceramic foams are mullite, cristob-
alite and alumina. The decomposition effect of so-
dium hypochlorite is the best, and the complete
fading time of methylene blue is only 131 min
when the temperature, pH value, the dosages of
catalyst and NaClO are 55 C,8,1.0 g,and 15.0
mL, respectively. The sequence of significant in-
fluence factors on the fading of methylene blue is
temperature > catalyst dosage > pH value > so-
dium hypochlorite dosage. Taking the practical
application into comprehensive consideration, the
optimal combination conditions for sewage treat-
ment are confirmed as that the temperature, pH
value, and the dosages of catalyst and NaClO are
35 °C,8,1.0 g,and 15. 0 mL,respectively.
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