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DME synthesis from carbon dioxide and hydrogen
over Cu—Mo/HZSM-5
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HZSM-5 supported copper—-molybdenum oxide prepared by an impregnation method has been applied for the first time in the hydro-
genation of CQ. The effect of the loading of Mo, the reaction temperature and the stability of hydrogenatiorn ei€@®investigated. The
results indicate that adding a small amount of Mo (Mo @/2 wt) markedly enhances the catalytic activity. The highest DME selectivity
was more than 70%. The change of species on the catalyst surface due to the addition of Mo was also invesiigatadBRIFT.

KEY WORDS: DME synthesis; hydrogenation of carbon dioxide; Cu—-Mo/HZSNRkSjtu DRIFT

1. Introduction In view of environmental protection, the substitution of
DME for freons as an aerosol spray [12] and a refrigerant
Considerable attention is now focused on LCi&ydro- [13,14] is unavoidable, therefore, the demand for DME will
genation into CHOH or other chemicals for environmentarapidly increase.

consideration [1-6] (equation (1)). Unfortunately, §BH To date, there are few reports describing the methods of
yield is limited by thermodynamic equilibrium, DME synthesis directly from carbon dioxide and hydrogen
[15,16]. The methods they used are similar. A feed 4CO
CO, 4 3Hp — CH30H + Ho0 Hy = 1:3) was pasged over a hybrid catalyst consisting of
(1) a methanol synthesis catalyst (Cu/Zn, Cu/Zn/Al, etc.) and
Hfyg = —49.5 kJ/mol a dehydration catalyst/talumina or zeolites, etc.), under

220-300°C, 30-60 bar and GHSW= 500-5000 hl. In

To overcome the equilibrium limitation, a reaction camost reports, the hybrid catalysts were made by mechani-
be added to move the equilibrium to more favorable yieldally mixing the two catalysts.
and selectivity. During C@hydrogenation, CO is also pro-  From the report mentioned above, we know that the cat-
duced by the reverse water—gas shift reaction (equation (3lysts used for the process of g@ydrogenation to DME
This reaction reaches quickly its equilibrium, so a solution tmostly consisted of a methanol-synthesis catalyst and a
improve the selectivity could be adding water in the feed, atethanol-dehydration catalyst which is similar with the cat-
though it might also decrease the rate of methanol formatiglyst used for syngas to DME (STD). But few researchers
In the mean time, if the CEDH could be withdrawn from devote themselves to developing a new catalyst system, or
the reaction medium, it would create a strong driving forc@asier preparation method. In the present paper, we report a
for CO, conversion. Both goals can be achieved through tiséudy of HZSM-5 supported copper—molybdenum oxide cat-
simultaneous production of G&CHs (DME) by methanol alyst used for C@hydrogenation, which showed high activ-
dehydration on solid acids, reaction (equation (3)). ity and DME selectivity.

CO; + Hy — CO+ H2O

(2) 2. Experiment
Hfye=41.2 kJ/mol

2.1. Catalysts preparation
2CH3OH — CH30CHg + H2O
He = —23.4 kJ/mol ®) ~ The Cu/HZSM-5 catalyst was prepared by the conven-
tional impregnation method. An appropriate amount of cop-

DME is an important chemical and intermediate for produ@—er nitrate was dissolved in deionized water and HZSM-5

tion of gasoline, ethene, aromatics and chemicals. Growi i./Al - 25_28 r?md 20-40 ”.‘ESh) was then added tq the so-
attention is being paid to its application as a fuel or a fu ion. After stirring the solution for 4 h and evaporating the
additive for vehicles and family uses [7—11] excess water at 353 K, we dried the slurry in air at 393 K for

4 h and calcined the remainder in air at 673 K for 4 h. The
* To whom correspondence should be addressed. Mo/HZSM-5 catalyst was also prepared by the conventional
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impregnation method. An appropriate amount of ammoniug Results and discussion

molybdate was dissolved in deionized water and HZSM-5

(Si/Al = 25-28 and 2040 mesh) was then added to the sb1. The activity of DME synthesis over Cu-Mo/HZSM-5

lution. After stirring the solution for 4 h and evaporating the for CO2 hydrogenation

excess water at 353 K, we dried the slurry in air at 393 K for

4 h and calcined the remainder in air at 773 K for 4 h. cu3.1.1. Effect of Mo loading on catalytic activity

Mo/HZSM-5 composite catalysts were prepared by the sameDME was effectively synthesized from carbon dioxide
method. An apropriate amount of copper nitrate was dignd hydrogen at 513 K over the Cu-Mo/HZSM-5 catalyst
solved in deionized water and Mo/HZSM-5 was then adddtiepared by the impregnation method (table 1). Table 1
to the solution. After stirring the solution for 4 h and evapd=learly illustrates the promoting effect of Mo on Cu/HZSM-
rating the excess water at 353 K, we dried the slurry in air atfor hydrogenation of carbon dioxide. For instance, with
393 K for 4 h and calcined the remainder in air at 673 K fofddition of 3 wt% Mo, the conversion of GCand selec-

4 h. The individual catalyst is denoteds8u/HZSM-5. The tvity of DME increase from 6.82 and 37.05 to 7.25% and
Cu—Mo binary oxides catalysts are designated@s—yMo/ 61.95%, respectively. When the addition of Mo is 6 wt% the
HZSM-5, in which thex and y denote the weight percent-catalySt (12Cu—6Mo/HZSM-5) has the highest activity and

ages of copper and molybdenum metal with respect to tﬁ@leCtiVity of DME.

weight of support, respectively. . - .
g PP P 4 3.1.2. Activity and DME selectivity at various temperatures

Table 2 summarizes the effects of reaction temperature
2.2. Catalytic measurements on the CQ conversion. According to this result, the conver-
sion of CQ increases with increasing reaction temperature.
Catalytic activity measurements were carried out by usrom table 2, it can be seen that
ing a high-pressure mlcrorea.ctor after introducing pretreat(i) The highest DME selectivity is obtained at 513 K, and
ment gas (H) at 300°C for 3 h; the reactant gas was passed then decreases as the reaction temperature increases
through the catalyst bed (2 ml, 20—-40 mesh) under a total '
pressure of 2.0 MPa and a space velocity of 1508, fat  (ii) Methane is produced when the reaction temperature is
certain temperature. The tubing from the catalyst bed to over 513 K.

h h h h K ' -
the gas ¢ rome_1tograp was heated at 393 50 as o avﬁljﬁl The selectivity of methanol decreases as the temper-
any condensation of the products. All experimental da

a . . o .
were obtained under steady-state conditions that were usu- ature Incréeases, in gontrast, the selectivity of CO in
creases with increasing temperature.

ally maintained for several hours before changing the reac-
tion temperature to obtain another set of data. The produgti 3. The stability of reaction

were analyzed using an on-line gas chromatograph with aFurthermore, we used the 12Cu-6Mo/HZSM-5 catalyst

thermal detector, in which two parallel connected colum 8
' 10 perform a long-term test at 513 K. The change of carbon
Porapak-Q and TDX-01, were used to separate reactlonp 9 9

products. Table 1
Effect of Mo loading on catalytic activity for Cohydrogenatior?t

23.InStuDRIFT Catalyst Conv. of CQ Selectivity (mol%)
(mol%) CHy CO CHOH DME
Insitu DRIFT was performed using catalyst weighing ap-12Cu-0Mo/HZSM-5 @2 0 55.57 W8 37.05
proximately 40 mg. The catalyst was contained in a lowt2Cu-3Mo/HZSM-5 25 0 2408 137 6195

12Cu-6Mo/HZSM-5 136 087 15.94 &0 77.19

dead-volume infrared cell. The DRIFT spectra were COIlZCu—QMo/HZSM-S D8 150 4091 %1 52.08

lected using a Nicolet 560 FTIR spectrometém. situ ab-
sorbance spectra were obtained by collecting 130 scan$Réaction conditios:T = 513 K, P = 2.0 MPa, GHSV= 1500 h1,
4 cm1 resolution. Each spectrum was referenced to a spe€&Q2/Hz = 1/3.
trum of the sample collected at the same temperature under
He flow as appropriate.

Prior to each experiment with a fresh sample of cata-

Table 2
Effect of temperature on activity and DME selectivity.

lyst, the catalyst was reduced in 10%/He flowing at Reaction  Conv.of C® Selectivity (mol%)

60 cn(STP)/min and 0.1 MPa. The reduction tempera®mP- (K) (mol%) CO CH CHyOH DME
ture was raised at 10 K/min from ambient to 573 K and 493 7.63 1352 0 194 68.74
maintained at 573 K for an additional 2 h. After that spec- 513 12.36 1594 @7 600 77.19
tra of adsorbed C&H, (CO,/H, = 1/3) were taken by ex- ggg 1;‘-2? ig-ig gi ggg 22-22
posing the reduced samples to afid» mixture flowing at 573 2291 6120 69 467 2754

30 cn?(STP)/min and 2.0 MPa at temperature between 373
and 673 K. aReaction conditions? = 2.0 MPa, GHSV= 1500 h1, H2/CO, = 3/1.
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dioxide conversion and selectivity of DME as a function ofarbonate on zirconia (b-GOZr), respectively. Based on
reaction time is displayed in figure 1. It clearly shows thahe above results, the peak at 1540 ¢nis assigned to the
both the CQ conversion and selectivity of DME are almosbidentate carbonate on molybdenum (b-S80).

stable during the reaction for 10 h, which indicates that no From the DRIFT results, it can be seen that adding of

significant deactivation of the catalyst is occurring. Mo not only produces the new adsorption species (1596 and
1540 cntl) but also increases the intensity of the species,

3.2.InStuDRIFT which may be contributed to the hydrogenation of carbon
dioxide.

Figure 2 shows spectra collected at 513 K in/€0,
(COs/H, = 1/3) flowing at 30 crA(STP)/min over reduced ] e : #
Cu/HZSM-5 and Cu-Mo/HZSM-5. The total system pres- 707 o
sure in both cases was 2.0 MPa. Spectra were collected g\f- 60 1
ter 1 h exposure to the feed. For Cu/HZSM-5 the peak §;t
1614 cntl is assigned to formate species (I) (HCOO-Cu$
[17]. The peaks at 2177 and 2106 chare assigned to gas g *'’
phase CO; those observed at 1463, 1061 and 1030 ane .- 30
due to the methoxyl (CkD—Cu) [18,19]. & 2]
For Cu—Mo/HZSM-5, the intensity of the peak at 1614
cm~1 (HCOO-Cu) decreases, but a new peak at 1596lcm
was produced, which is contributed to formate species (II) ©
based on the reference [17,20,21]. The intensity of the peaks
at 1463, 1061 and 1030 crhincreases markedly. At the
mean time, the peak at 1540 chwas produced. Schilke Figure 1. Conversion of C®and selectivity of DME on stream of time
et al. [22] contribute the feature at 1560~1540¢no the  over 12Cu-6Mo/HZSM-5 catalyst. Reaction conditions: = 2.0 MPa,

307 —=—Conv. of CO,
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Figure 2. In situ DRIFT spectra of hydrogenation of GQver 12Cu—6Mo/HZSM-5 catalyst at 2.0 MPa and 2@0 (a) Cu/HZSM-5 and (b) Cu—
Mo/HZSM-5.
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Conclusions

HZSM-5 supported Cu-Mo catalyst is highly active for[l]
the dimethyl ether (DME) synthesis from carbon dioxide[Z}
and hydrogen. The results indicate that adding of a sm i]
amount of Mo (Mo/Cu= 1/2 wt) markedly enhances the [5]
catalytic activity. DME selectivity was more than 70%: [6]
(i) The highest DME selectivity is obtained at 513 K,
and then decreases with increasing reaction temperatu
(i) Methane is produced when the reaction temperaturg
is over 513 K. (iii) The selectivity of methanol decreasego)
as the temperature increases; in contrast the selectivity
of CO increases with increasing temperature. (11]
Adding of Mo not only produces the new adsorptioﬁ
species (1596 and 1540 c’) but also increases the in-

tensity of the species on the catalyst surface, which may;
be contributed to the hydrogenation of carbon dioxide.
[15]
It clearly shows that both the G@onversion and selec- [16]
tivity of DME are almost stable during the reaction for
10 h, which indicates that no significant deactivation dt"
the catalyst occurs. [18]
(19]
[20]
[21]
[22]

2]
3]
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