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Abstract

Cobaltosic oxide has been used as catalysts in dehydrogenation for tail chlorine due to the advantages of low price and
security. The Co;04/ZSM-5 was synthesized by the volume impregnation method. The catalytic dehydrogenation per-
formance of Co;0,/ZSM-5 was investigated, the catalytic reaction of hydrogen with oxygen and chlorine was carried out
in a fixed-bed, and the mixed reactant gases were prepared according to the composition and content of tail chlorine in
industry: Cl,(65%-80%), N,(6-16%), O,(8%-10%) and H,(1.5%-4%). The catalytic efficiency and stability of Co;0,/
ZSM-5 in dehydrogenation for tail chlorine were better than that of Co;0,. After the calcination on 300 °C, the Co;0,/
ZSM-5 with 1 %wt. Co;0, shown excellent catalytic performance at 50 °C, and the average conversion of hydrogen can

reach up to 99.59%.
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1. Introduction

The chlor-alkali industry plays a very important role
in the basic chemical industry owing to the critical position
in the manufacture of thousands of downstream chemicals.!
Chlorine and sodium hydroxide are two major products of
the chlor-alkali industry, which are the most important in-
organic commodities and widely used as raw materials for
other processes (handbook of chemical economics,2018).2
Due to the recent development, the production of chlor-al-
kali and the scale of industrial equipment have made great
breakthroughs. By the end of 2016, there are more than 500
chlor alkali producers in the world. The world caustic soda
production capacity is about 94.7 Mt, and the output is close
to 70 Mt/a. China has the largest caustic soda production
capacity in the world.>* There are 161 caustic soda enter-
prises with a total output of 42.59 Mt in China at the end of
2016.> Based on market data in this year, the demand for
caustic soda is still increasing. The by-product tail chlorine
in the chlorine tail gas will inevitably become a more im-
portant issue in the industrial production of chlor-alkali.
Tail chlorine comes from chlor-alkali industry, which is a
process of compressed liquefaction preparation liquid chlo-
rine enriched in chlorine gas, including chlorine gas, nitro-
gen, oxygen and hydrogen etc. The mixed gas may explode
due to hydrogen accumulation when it is used in the down-
stream. The hydrogen in the mixed gas has been a great po-

tential safety hazard.® Therefore, it is very urgent to develop
environment-friendly and effectively methods for the dehy-
drogenation in chlorine tailings.

There are four common industrial methods for dehy-
drogenation of tail chlorine: synthetic hydrochloric acid,
absorption-desorption, lye absorption and PSA pressure
swing adsorption.”® The synthesis of hydrochloric acid by
burning hydrogen and chlorine at high temperature to pro-
duce hydrochloric acid,’ while tail chlorine is consumed.
This is a mature method in industry, but at present the eco-
nomic benefit of this method is too poor. Dehydrogenation
with green catalysts is in line with the national energy con-
servation and emission reduction and green development
concept, which can reduce hydrogen content and even com-
pletely dehydrogenate. In the 1950s, it was discovered that
hydrogen and chlorine could be catalyzed into hydrogen
chloride to remove hydrogen. Kulcsar and Geza scholars for
the first time in 1957 used activated carbon as a carrier of
load type catalyst under 250 °C,chlorine and hydrogen for
hydrogen chloride. Subsequently,'” Allen and Coolen et al..
investigated that the reaction should be controlled within a
certain temperature range, otherwise the side reaction oc-
curred at an excessively high reaction temperature.!':!2 Re-
searchers showed that some precious metals (platinum,pal-
ladium,rhodium,etc.) and its alloys, as well as cheap
manganese metals reduced the hydrogen content in tail
chlorine to less than 107 in a certain temperature range
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(200-400 °C). Pieters et al. with SiO, carrier load K, La and
Cu chloride preparation as a catalyst, when residual hydro-
gen content in the best conditions of PPM level,they then
used the activated alumina catalyst carrier load the precious
metal Pt made around 260 °C catalytic reaction.!

The previous studies on the dehydrogenation perfor-
mance of tail chlorine have also made some progress.
Zhou investigated Ce/Pt/SiO, as catalyst for low-tempera-
ture catalytic tail-chlorine dehydrogenation. She found the
optimal reaction condition was 1%wt. Pt loaded on SiO,
catalyst with 2%wt. of additive Ce(NO3),. The total con-
version rate of Ce/Pt/SiO, was 92% at the reaction tem-
perature of 60 °C.!* Later, the Au-Ag / Al,O; bimetallic
catalyst prepared by Lu has a hydrogen conversion rate of
94.58% with the calcination temperature of 500 °C under
the reaction temperature of 100 °C.!> Subsequently, Wang
et al.continued to developed the catalytic effects of Pd/
Al,O3and Pd/SiO,, a 97% conversion of hydrogen achieved
at 60 °C. The noble metal catalyst not only reduced the re-
action temperature, but also greatly improved the dehy-
drogenation rate, but they were not only expensive, but
also had a low repetition rate, which is not suitable for in-
dustrial use.!¢ Therefore, Chen selected to use cheap metal.
CuO/Al,O; calcined at 550 °C was used as a catalyst with a
load content of 8%wt., It's average hydrogen conversion
rate catalyzed at 110 °C was 90.03%. However, the catalyst
with poor stability made the conversion rate decrease rap-
idly.!” Liu employed cheap metal Fe,03/Al,05 to obtain
the superior catalytic performance with conversion rate of
hydrogen of 84.11% at reaction temperature of 70 °C and
calcination temperature of 500 °C. Among tthat route, it
was found that production of the ferric chloride of by
products. This method can not only achieve dehydrogena-
tion effect, but also prepare ferric chloride products.®

In this article, the cobalt-based catalyst was pre-
pared by using high specific surface area ZSM-5 as sup-
porter. ZSM-5 zeolite has lot of advantages such as ther-
mal stability, unique channel structure, large surface,
acidity and shape-selectivity. As is known to us, it has
been proverbially used as the support in various moderate
acid-catalyzed reactions.!® This method for catalyst prepa-
ration has low energy consumption and simple process,
While using this catalyst, safety problem of tail chlorine

can be solved fundamentally, and secondary pollution to
the environment will not happen.

2. Experiment

2. 1. Catalyst Preparation

ZSM-5-supported Co;0, catalysts was synthesized
by using the volume impregnation method with
Co(NO3),-6H,0. A series of cobalt nitrate aqueous solu-
tions with different mass fractions were prepared, and
then the cobalt nitrate aqueous solution with the same vol-
ume was soaked for 24h with 1g ZSM-5 at room tempera-
ture. After that, it was dried in a oven at 100 °C for 12h,
and finally calcined for 6 hours at 300 °C-700 °C. ?° Then
put it into the sample bag and label it for later use.

2. 2. Catalyst Characterization

After reaction, the product mixture content detec-
tion of | ml was quantitatively analyzed by gc-900 gas chro-
matograph with a 3mm*3m 5A molecular sieve stainless
steel packed column and a thermal conductivity cell detec-
tor. Argon was used as a carrier gas with a gas velocity of
15ml/min (0.05mpa). The temperature of vaporization
chamber and detector were 100 °C accompanied by col-
umn temperature of 55 °C and bridge current of 60 mA.
The X-ray diffraction (XRD) patterns of the catalyst were
obtained by using a diffractometer XRD-6000), operating
at 40 kv and 30 ma with Cu-ka palladium and nickel filter-
ing. Scanning electron microscope (SEM) pattern of the
catalysts was taken by JSM-6300 of Nicocet company in
Japan, which was conducted to investigate the morpholo-
gy of samples with treating by gold spray. Element analysis
(EDS) was used to assist in the analysis of the SEM elec-
tron micrograph. The N, adsorption-desorption was em-
ployed to measure the surface area and pore volume by
using a NOVA 2000e analyzer.

2. 3. Experimental Steps

The experimental procedure is as follows: Firstly, 0.5g
catalyst was put into the fixed-bed reactor system as shown

Figure 1. The device for removing hydrogen from the tail chlorine A Gas tank; B. Calcium chloride dryer; C. Flowmeter; D. Quartz tube reactor; E.
Sodium hydroxide solution; F. Calcium oxide dryer; G. Sampling device; H. Tail gas treatment; I. Tail gas outlet; F1,F,,F;,F,. The valve; P;,P,. Vacuum

manometer
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in Figure 1, and the whole pipeline was purged with nitro-
gen to remove water. Then, the tail chlorine mixture simu-
lated according to the composition of industrial tail chlo-
rine (3.97% H,, 9.93% 0,,13.25% N, and 72.85% Cl,) was
put into the reactor.2?* The hydrogen content of the tail
chlorine after dehydrogenation was analyzed by gas chro-
matography and the conversion rate of hydrogen was calcu-
lated to detect its catalysis and properties of chemical agents.

2. 4. Calculation Method of Hydrogen
Conversion
The above figures show the changes of gas flow rate

before and after the reaction, respectively. The conversion
rate of each reactant was defined as eq 1,

Cong, = (dy X coo, = d1 X €10,)/(dy X ¢0,) (7)

It would found that hydrogen - oxygen reaction and
hydrogen - chlorine are involved in the reaction.The selec-
tivity of hydrogen - oxygen is calculated as eq 8,

Sel(Hz—H20) =2x(d, % S0, ~ dy xc o )/ (dy % Com, ~ d, x Sy, )

:zx(coo2 —Cio, )/(coH2 _cmz)

(8)

the selectivity of hydrogen - chlorine, as a consequence,
can be reckoned as eq 9,

Sel(Hz_l ey =1- Se/(Hz-HzO) 9)

=1-2x(¢,, =€, )/(COHZ —Cin,)

agml/min bymI/min
———— D(Non-loaded) -

a1mllmin b1ml/m|n
—»——| D(Loaded) [

comi/min dyml/min
L H ————
¢yml/min dml/min
| H ——

Figure 2. Calculation of hydrogen content in a gas mixture

Con = (dy % ¢y — dy x ¢;)/(dy % ¢p) (1)

Where the initial velocity is described as a, and a,.
After reaction, it’s by and b, - ¢, and ¢, are exhibited with
the absorption of chlorine and dy and d, are the velocity
after reaction with sodium carbonate. Hence, the hydro-
gen conversion rate and oxygen conversion rate are set as
eq 2 and eq 3 severally,

Conyy, = (do X cop, = dy X c11,)/(do X o) (2)
Cong, = (dy X co0, = di X €10,)/(dg X co0,) (3)
Where cop,, €90, and cyy, are respectively the volume
concentrations of hydrogen, oxygen, and nitrogen in the
mixture before the reaction, while ¢y, ¢10, and ¢y, are
after the reaction. Since the hydrogen is only about 4% and
the proportion of chlorine gas is higher, it is reasonable to
assume that the gas velocity is basically unchanged after
the reaction. As suggested by eq 4 and eq 5,
a=a;=by=Db, (4)
=do=c; =4, €)

Eq 6 and eq 7 can be obtained by substituting the
above formula into the conversion rate formula,

Conyy, = (con, — C1m,)/Comry (6)

3. Results and Discussion
3. 1. X-ray Diffraction

As suggested by Figure 3, the characteristic diffrac-
tion peaks of Co;0, were obtained at 19.0°, 31.3°, 36.9°,
38.6°, 44.8°, 55.7°, 59.4°, and 65.3°. After the reaction, a
weak characteristic diffraction peaks of catalyst presented
at 75.8°, which indicated that a trace of cobalt chloride was
generated in the catalytic reaction process.

The XRD analysis of Co;0,/ZSM-5 at different re-
action temperature was presented in Figure 4, which was
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Figure 3. XRD patterns of Co;0, at different reaction temperature
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Figure 5. XRD patterns of Co;0,/ZSM-5 at different calcination
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Figure 6. The XRD patterns of Co;0,/ZSM-5 at different loading

loaded with 1 %wt. and calcined at 600 °C. Compared
with unloaded cobaltosic oxide, the characteristic dif-
fraction peak of cobaltosic oxide also presented at about
45° in Figure 4, exhibiting that the presence of cobalt el-
ement in the form of Co;0,. It was assumed that the cat-
alyst had good stability due to there is no diffraction
peak of cobalt chloride. Maybe It’s because the genera-
tion of cobalt chloride rarely not detected. The charac-
teristic peak of Co;0, was found in different load, and
the intensity of the peak increased with the increase of
load.

The XRD analysis of Co;0,/ZSM-5 at different calci-
nation temperature was set as Figure 5, which are loaded
with 1 %wt. and participated in reaction at 50 °C. From
Figure 5, it can be seen that the characteristic diffraction
peak corresponding to cobaltosic oxide all presented at
about 45° at different calcination temperature. However,
the strength of peak decreased indistinctly with increase of
calcination temperature, which illustrated that the en-
hanced temperature was unfavorable to the crystallization
of cobaltosic oxide. The consecutive high-intensity peaks
of ZSM-5 having a specific 20 value of 23°-25° were com-
monly found in each catalyst sample, indicating that after
calcination as well as reaction ZSM-5 structure clearly pre-
served.

For various Co;0,loadings, the XRD analysis of cat-
alysts were set as Figure 6,which were calcined at 300 °C
and participated in reaction at 50 °C. As suggested by Fig-
ure 6, all the catalysts revealed characteristic peaks of
ZSM-5 crystal in the ranges of 260 = 23~25 which were ev-
ident that the crystalline framework of the ZSM-5 was re-
tained after the loading in all the catalysts.?* With increas-
ing loading of Co;0,/ZSM-5, the characteristic diffraction
peak of ZSM-5 became weaker. This is due to the introduc-
tion of Co;0,4, which leads to the decrease of the order de-
gree of the molecular sieve structure, indicating that some
cobalt ions are exchanged to the internal control surface of
the molecular sieve.?

3. 2. SEM Analysis

Figure 7 shows the SEM images of Co;0, samples
before and after catalytic reaction. As can be seen from fig-
ure a and b, cobaltosic oxide particles with hexagonal
structure and smooth surface, which was arranged neatly,
loose and fine before reaction. In contrast to figure a and ¢,
the phenomenon of agglomerating occurred in the catalyst
after the reaction. With the destruction of some hexagonal
structure of particles, the particle size became larger, and
there seemed to be traces of corrosion of hydrogen chlo-
ride and water on the surface. It was performed that the
SEM images of Co;0, supported on ZSM-5. Co;0, sup-
ported on ZSM-5 showed irregular shape and good disper-
sity on the ZSM-5 support. The distribution of samples
after reaction was loose, but the overall change is not sig-
nificant.
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Figure 7. SEM of Co;0, before (a,b) and after reaction(c,d)

Figure 8. SEM images of Co;0,/ZSM-5 before (a,b) and after reaction(c,d)

Zhang et al.:  Cobaltosic Oxide Catalysts for Catalytically ...



Acta Chim. Slov. 2020, 67, 336-347

3. 3. EDS Analysis loaded, which can also be supported by the SEM results.

The analysis of EDS test results exhibited that there The morphology of pure cobaltosic oxide changed after re-
was no drastic change of the elements before and after the action, while the cobaltosic oxide after loading was basi-
reaction, no matter cobaltosic oxide or cobaltosic oxide cally the same. This further revealed that Co;0,/ZSM-5

Table 1. Elemental analysis of Co;0, catalyst

Element C (0] Co

Co3;0,(before) (w%) 1.00 24.93 74.07
Co30,(before) (at%) 2.87 53.76 43.37
Co;0,(after) (W%) 1.05 24.46 74.49
Co;0,(after) (at%) 3.03 53.09 43.88

Figure 9. EDS spectra of Co;0, catalyst before (a) and after (b) reaction

Table 2. Elemental analysis of Co;04/ZSM-5 catalyst

Element C o Al Si Co

C0;04,/ZSM-5(before) (w%) 1.46 47.19 2.53 35.33 13.49
Co30,/ZSM-5(before) (at%) 2.67 65.06 2.07 27.74 2.45
C0;04,/ZSM-5(after) (w%) 2.77 48.84 2.49 34.54 11.35
C0;0,/ZSM-5(after) (at%) 491 64.99 1.96 26.18 1.95

Figure 10. EDS spectra of Co;0,/ZSM-5 catalyst before (a) and after (b) reaction
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made more excellent performance in terms of catalytic
activity and stability.

3. 4. Nitrogen Adsorption-Desorption

Figure 11 shows the textural properties of ZSM-5,
1%C030,/ZSM-5, 1%Co030,/ZSM-5 after reaction, 3%
C030,/ZSM-5 and 4%Co30,/ZSM-5, which were present-
ed by nitrogen adsorption-desorption isotherm. Accord-
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Figure 11. N, adsorption-desorption equilibrium curves
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Figure 12. The pore dimension distribution (a)ZSM-5; (b)1%Co50,/

ZSM-5; (c)1%Co030,/ZSM-5 after reaction; (d))3%Co030,/ZSM-5;

(e))4%Co030,/ZSM-5

ing to the classification of IUPAC and the characteristics of
curves in Figure 11, the isotherms of both curve exhibited
type-IV isotherm with the H3 hysteresis type of loop,
which indicates that it is monolayer saturated adsorption.
What is more, the material has a slit structure and uneven
interior, and the loading of active components was com-
posed of lamellar particles. By comparing the shape char-
acteristics of the five curves in the figure, it can be deter-
mined that the pore structure of the catalyst has not
changed significantly before and after the loading and re-
action, indicating that the internal structure of ZSM-5 was
relatively stable.

The pore size distribution was analyzed by the BJH
model. Combined with the comprehensive analysis of Fig-
ure 12 and Table 3 above, it was found that a decrease in
specific surface area as well as pore volume by impregna-
tion of Co;0, might be owing to the occupation of the
pores of ZSM-5 by active metals. Through the diffusion of
the carrier, Co?* diffused to the active site of the catalyst,
partially replacing AI** in the ZSM-5 skeleton, as the ionic
radius of Co*" is larger than that of AI**. %> Compared with
catalysts b and ¢ before and after catalytic dehydrogena-
tion, due to the formation of H,O and the loose active
components on the surface of the catalyst resulted in the
decrease of pore diameter and increase of specific surface
area after the reaction.

3. 5. Catalytic Performance at different
temperature of Co;0,
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Figurel3. The overall conversion rate of Co304

Table3. The pore size and surface area distribution of ZSM-5, Co304/ZSM-5 and Co304/ZSM-5 after reaction

Sample Surface Area/m, g Pore Volume/cc- g™ Pore Diameter/nm
ZSM-5 362.648 0.035 3.83
1%Co030,4/ZSM-5 319.814 0.033 3.816
1%Co0304/ZSM-5 after reaction 322.807 0.03 3.819
3%Co030,4/ZSM-5 303.363 0.031 3.817
4%Co030,4/ZSM-5 283.703 0.035 3.053
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Figure 15. The average selectivity of Co;0,

Combining with Figurel3 and 14, it can be observed
that the hydrogen conversion increased with increasing
temperature. Especially it increased up to surpass 99%
with relative stability when the reaction temperature en-
hanced above 130 °C. The overall conversion rate dropped
with the time developed as presented in figure 13, which
suggested that the performance of catalytic dehydrogena-
tion reaction decreased gradually. Cobalt chloride was
formed in the reaction by analysis of XRD. Consequently,
it is the reason taht the formation of cobalt chloride, hy-
drogen chloride and water has damaged the catalyst in-
cluding reducing the surface area and weakening the activ-
ity of catalyst. On the one hand, the water vapor reacts
with the active components on the surface of the catalyst
to form other components, reducing the oxygen activity
level on the surface and thus reducing the activity of the
catalyst. On the other hand, Co;0, was partially inactivat-
ed after being chlorinated to cobalt chloride, and the deac-
tivation of catalyst was accelerated by the formation of
hydrochloric acid solution from hydrogen chloride gas
and water.?®?” Nevertheless, the total conversion rate of

hydrogen increased with the rise of temperature and the
catalyst of Co3;0, had good stability.

As demonstrated in figure 15, the selectivity of hy-
drogen and chlorine reactions was obviously higher than
that of hydrogen and oxygen reactions at different reaction
temperatures. With the rise of temperature, the selectivity
of hydrogen-chlorine reaction decreased gradually, while
the selectivity of hydrogen-oxygen reaction increased gen-
erally. To sum up, the optimal reaction temperature for
chlorine removal of hydrogen from tail was 130 °C, which
was more favorable for hydrogen and oxygen reactions.

3. 6. Catalytic Performance of Co;0,/ZSM-5

3. 6. 1. Effect of Different Reaction Temperatures
The catalytic performance of Co;0,/ZSM-5 at differ-
ent reaction temperature was acquired in Figure 16, which
was loaded with 1 %wt. and was calcined at 600 °C. The
average conversion rate of hydrogen removal catalyzed by
catalyst increased first and then decreased with the rise of
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Figure 16. The overall conversion rate of Co;0,/ZSM-5
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Figure 17. The average conversion rate of Co;0,/ZSM-5
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Figure 18. The average selectivity of Co;0,/ZSM-5

temperature. Samples exhibited an average conversion rate
of 99.04% at the reaction temperature of 50 °C, which
shows the enhanced catalytic performance. The reduction
of hydrogen conversion rate demonstrated that hydrogen
removal performance was gradually weakened as illustrat-
ed in Figure 16. This is because the formation hydrogen
chloride and water has damaged the catalyst like reduced
the surface area and weakened the activity of catalyst. It
can been presented from the Figure 17 that the average hy-
drogen conversion first increased and then fell with the
enhancement of temperature. First of all, the performance
of catalytic dehydrogenation was obviously advanced from
30 °C to 50 °C for the reason that the velocity of gas mole-
cule increased with the enhancement of temperature. The
corrosion of catalyst by chlorine gas was accelerated at sur-
pass 50 °C, resulting in unsatisfactory catalytic dehydroge-
nation of catalyst. Therefore, the optimum reaction tem-
perature for the removal of hydrogen from tail chlorine
catalyzed by Co;0,/ZSM-5 catalyst is 50 °C.

As suggested by figure 18, the selectivity of hydrogen
and chlorine reactions was obviously higher than that of
hydrogen and oxygen reactions at different reaction tem-
peratures. With the rise of temperature, the selectivity of
hydrogen-chlorine reaction increased gradually, while the
selectivity of hydrogen-oxygen reaction decreased gener-
ally. To sum up, the optimal reaction temperature for chlo-
rine removal of hydrogen from tail was 50 °C, which was
more favorable for hydrogen and chlorine reactions.

3. 6. 2. Effect of Different Calcination
Temperature

The catalytic performance of Co;0,/ZSM-5 at differ-
ent calcination temperature was set as Figure 19, which are
loaded with 1 %wt. and participated in reaction at 50 °C. It
can be obviously seen that the best performance for cata-
lyzing the dehydrogenation was obtained under the calci-
nation temperature of 500 °C, with the average conversion
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Figure 19. The overall conversion of Co;0,/ZSM-5
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Figure 20. The average conversion of Co;0,/ZSM-5
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Figure 21. The average selectivity of Co;0,/ZSM-5

rate of Co;0,/ZSM-5 reached to 99.59%. It can be re-
vealed that hydrogen removal performance was gradually
weakened with increasing of calcination temperature.
Combined with the analysis of XRD, the optimum calci-
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nation temperature of the catalytic dehydrogenation is
300 °C.

Can see clearly from Figure 21, selectivity of hydro-
gen chloride reaction were higher than that of hydrogen
and oxygen reaction selectivity under different calcination
temperature. With the increase of calcination temperature,
hydrogen and chloride reaction selectivity was slightly ele-
vated, while hydrogen and oxygen reaction selectivity was
reduced somewhat, which is more inclined to the reaction
of hydrogen and chlorine.

3. 6. 3. Effect of Loading Amounts on Catalytic
Performance

The catalytic performance of Co;0,/ZSM-5 at load-
ing amount was illustrated in Figure 22, which was cal-
cined at 600 °C and participated in reaction at 50 °C. Next,
the loading amount of Co;0,/ZSM-5 was investigated in
the catalytic dehydrogenation reaction as shown in the fig-
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Figure 22. The overall conversion of Co;0,/ZSM-5
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Figure 23. The average conversion of C0;0,/ZSM-5
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Figure 24. The average selectivity of Co;0,/ZSM-5

ure. It can be seen obviously that the change of average
hydrogen conversion rate can be divided into four stages.
First of all, the average conversion of hydrogen advanced
dramatically with the load amount less than 0.8%. And
then the average conversion of hydrogen slowed down as
the load increased from 0.8% to 1%. After that, when the
loading of Co;0, is between 1% and 2%, the conversion of
hydrogen began to decline tardily. Finally, the conversion
of hydrogen fell rapidly with the loading amount of cobal-
tosic oxide exceeding 2%. It is the reason that the amount
of catalyst loading corresponds to the active component.
Less active components with lower loading, leading to
poor catalytic performance of the catalyst. So catalytic ac-
tivity increased greatly with the increase of the Co;04
loading of the ZSM-5 catalyst. Afterwards, excessive load-
ing will not bring about good results, which blocked the
pores and holes of the carrier and reduced the reaction
surface area, the catalytic effect of the catalyst decreased
rapidly. Based on analysis of the experimental data, the ac-
tive components were evenly dispersed on the surface of
the carrier and the catalytic activity was the highest when
the average hydrogen conversion rate reached 99.60% with
the loading amount of 1%.

As presented in figure 24, with elevating loading of
catalyst, the selectivity of hydrogen-oxygen reaction and
hydrogen chloride reaction was not observed the signifi-
cant change, indicating that loading has little impact on
the selectivity of hydrogen.

3. 7. Activity Test

In this experiment, Co;0,/ZSM-5 was used as cata-
lyst, which was loaded with 1%wt. and calcined at 300 °C.
and reacted continuously for 540 minutes at 50 °C, with a
sampling interval of 30 minutes each time.

From Figure 25, it can be seen that the catalytic de-
hydrogenation effect was relatively stable during the reac-
tion time of 120 minutes, which total conversion rate of
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Figure 25. Total conversion rate of hydrogen in the catalytic reac-
tion of Co;0,/ZSM-5 over time

hydrogen in the catalytic reaction of Co;0,/ZSM-5
achieved above 99%. After that, the catalytic activity de-
creased gradually. After the reaction time of 540 minutes,
total conversion rate of hydrogen only dropped at 88.48%,
meaning that excellent catalytic stability was significantly
exhibited. The excellent catalytic activity of Co30,/ZSM-5
catalysts can be attributed to the easy reducibility of Co**,
higher Co>* content, higher surface content of lattice oxy-
gen, and fast migration of oxygen ions in the lattice of co-
baltosic oxide.?®

4. Conclusion

Combined with the performance characterization
analysis and experimental data of hydrogen removal cata-
lyst, we can see that Co030,/ZSM-5 catalyst not only
dropped the reaction temperature but also exhibited excel-
lent catalytic performance than Co;0,. The analysis of
XRD characterization and SEM images illustrated that
Co;0, catalyst produced small amounts of cobalt chloride.
After the reaction, the catalyst agglomerated and the sur-
face became rough, which reduced the surface area of the
catalytic reaction and the active center involved in the re-
action, leading to the gradual decrease of catalytic perfor-
mance. However, the morphology of supported catalyst
Co30,/ZSM-5 remained basically unchanged before and
after the reaction, and its excellent catalytic activity can be
attributed to the easy reducibility of Co**, higher Co*
content, higher surface content of lattice oxygen, and fast
migration of oxygen ions in the lattice of cobaltosic oxide.

By comparing the catalytic dehydrogenation effect of
Co;0, at different reaction temperatures, the optimum
temperature of 130 °C showed the best stability. The prepa-
ration method was observed to influence the catalytic per-
formance of the Co;0,/ZSM-5 catalysts. We also find the
optimal reaction condition is 1 %wt. Co;0, loads on
Co;0,4/ZSM-5 catalyst with the calcination temperature of

300 °C under the reaction temperature of 50 °C.Its average
hydrogen conversion rate catalyzed within 110 minutes of
reaction was 99.59%, and only decreased to 88.48% after
540 minutes, which still showed certain catalytic activity.
The N, adsorption and desorption characterization
showed that the part of pore structure of the catalyst might
be blocked and the active components were separated
from the surface of the carrier, which was consistent with
the reduction of catalytic performance of the catalyst in
the experiment.

Cobaltosic oxide is a kind of catalytic active compo-
nent in catalytic dehydrogenation. Through the analysis of
the selectivity of Co;0, and Co030,/ZSM-5, the selectivity
of hydrogen and chlorine reaction is greater than the selec-
tivity of hydrogen and oxygen. It could be confirmed that
Co;30, is more advantageous to catalyze the reaction of hy-
drogen and chlorine.
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C0304/ZSM-5 je bil uporabljen za dehidrogenacijo rezidualne klorove plinske mesanice iz klor-alkalne industrije zaradi
svoje nizke cene in varnosti. Co;0,/ZSM-5 je bil sintetiziran z volumsko impregnacijsko metodo. Dehidrogenacijske
lastnosti Co;0,/ZSM-5 smo preudili s kataliti¢no reakcijo vodika s kisikom in klorom, ki je bila izvedena v strnjenem
sloju, pri ¢emer je bila me$anica plinov pripravljena skladno s sestavo in vsebnostjo klorove plinske mes$anice v indus-
triji: Cl,(65%-80%), N»(6-16%), O,(8%-10%) in H,(1.5%-4%). Kataliti¢cna u¢inkovitost in Co;0,/ZSM-5 stabilnost pri
dehidrogenaciji klorove plinske me$anice je bila boljsa kot pri ¢istem Co3;0, Po kalcinaciji na 300 °C je Co;0,/ZSM-5 z
1 ut.% vsebnostjo Co;0, izkazal pri 50 °C odli¢ne kataliti¢ne lastnosti s povpre¢no konverzijo vodika do 99.95%.
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