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Abstract: The impact of potassium promoter on product distribution for CO, hydrogenation over Cu-Fe-Zn catalyst was inves-

tigated. A series of transition metal K /Cu-Fe-Zn catalysts were prepared by a combination co-precipitation and impregnation
method. The physiochemical characterizations of these catalysts were performed by BET, H,-TPR, XRD, TEM and XPS

techniques to study the effect of potassium on the textural properties, reduction behaviour, structural and morphological

change. The effects of addition of potassium promoter on CO,-conversion, product distribution and deactivation were study for

CO, hydrogenation in a fixed bed reactor. The maximum catalytic activity was obtained from K; ,/Cu-Fe-Zn catalyst and its

catalytic activity decreased slightly thereafter. The CO, conversion reached the highest value of 68.7% over K, ,/Cu-Fe-Zn

at 350 C. In addition, the results revealed that addition of potassium promoter shifted selectivity to high molecular weight

compounds and led to the formation of higher alcohols and oxygen containing compounds in the products. The possible mech-

anism in the presence of potassium was discussed.
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With the extensive use of fossil fuels, a plenty of
carbon dioxide has been released into the atmosphere,
leading to severe greenhouse effect. Recently, the re-
search of carbon dioxide capture and conversion has
become a hot topic in energy and environmental sci-

U731 The chemical conversion of

ence and technology
carbon dioxide can produce chemicals, such as hydro-
carbons and oxygen-containing compounds™*™®*’. How-
ever, there are 16 electrons in a carbon dioxide mole-
cule, which is a linear and non-polar central symmetry
molecule containing two polar C = O bond under the
ground state. In addition, carbon dioxide is a final
product of the combustion of carbon-containing com-

pounds, therefore, it is very stable.

Carbon dioxide molecules can be activated only o-
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ver special catalysts, for example, and be converted

into hydrocarbons or other chemicals through the hydro-

[4,9-14]

genation or methanation Generally, catalytic

system for hydrogenation of carbon dioxide was based
on VIII metals supported on various oxides. In these
catalysts, supported nickel catalysts were studied ex-

[15-16]

tensively" . One of major problems of nickel based

catalysts is the deactivation due to formation of mobile

nickel sub-carbonyls and segregation of nickel parti-
17]

cles'

functional catalyst Pd-Mg/SiO, for CO, methana-

. For other catalysts, Park et al. reported bi-

tion'"™ . At 723K, that catalyst shows a high selectivity
(>95% ) to CH, with 59% of CO, conversion. Adding
appropriate additives such as alkali metal can effective-

ly modulate the nature of catalyst. Chen et al. reported
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that Cu/Si0O, with a K promoter offered better catalytic
activity (12. 8% of CO, conversion) than the sample
without K (5.3% of CO, conversion) at 600 °C (9],
These created new active sites located at the interface
between Cu and K favour the formation of formate spe-
cies, which is a key intermediate for CO, hydrogena-
tion, enhancing CO, adsorption. Many modified Fisch-
er-Tropsch synthesis catalysts were also reported for
this reaction'®™'. . found Cu0O-ZnO-
Al,0,/NaHZSM-5 catalyst for dimethyl ether ( DME )
synthesis at 275 °C with DME yield 80% . The selec-

tivity of CO, hydrogenation was changed after addition

22]
Erena'*’

of alkali metal. Kusam et al. found the main product
distribution shift from methane to methanol and ethanol
for CO, hydrogenation over Rh/SiO, catalyst after Li
addition'?"’ .

electronic effect, which could enhance the chemical

Here, alkali metal might lead to a strong

adsorption of CO, over catalysts and decreased the ad-

[25]

sorption of H,'”". Therefore, alkali metal addition led

to the decrease of selectivity to methanol and increase
selectivity to higher alcohols'*’.
The interaction between K and Fe could also pre-

21 and decreased the

vent the reduction of Fe species
numbers of active site for CO, hydrogenation reaction
and thereby reduced the catalytic activity of the cata-
lyst. Although many catalysts about hydrogenation of
carbon dioxide have been reported, activity and selec-
tivity of the transition metal catalyst are still relatively
low, in addition, the reaction mechanism is not fully
uncovered, especially the influence of additives on
multi-component transition metal catalyst. In this pa-
per, we synthesized multi-component transition metal
Cu-Fe-Zn catalysts for CO, hydrogenation, and studied
the effect of K promoter on Cu-Fe-Zn for CO, hydro-
genation. The results indicated that the addition of po-
tassium promoter not only affected the catalytic activity
of catalyst but also changed significantly product distri-
bution of CO, hydrogenation.

1 Experimental

1.1 Preparation of the catalysts
K promoted Cu-Fe-Zn catalysts with different

K-containing were prepared by a combination of both

coprecipitation and wet impregnation technique.
The catalyst precursor was precipitated from a mixed
aqueous ( total
0.5 mol/L) containing copper( Cu(NO,), + 3H,0),
iron ( Fe ( NO, ), 9H,0 ), and zinc nitrates
(Zn(NO;), - 6H,0) at 1 : 3 : 1 Cu/Fe/Zn ratio

using an aqueous solution of NaOH (0.5 mol/L).

solution metal concentration of

Precipitation occurred continuously as the two solutions
were added drop-wise to a vessel by parallel addition
method at 80 °C and pH=8. The precipitates were
aged for 1 h at 80 “C, then cooled to room tempera-
ture, filtered, and washed several times with distilled
water to remove residual sodium. The precipitates were
calcined at 350 °C for 6 h. Then, the obtained precur-
sor was impregnated in an aqueous solution with calcu-
lated amount of K,CO; by wet impregnation method at
room temperature. After 8 h impregnation, the samples
were dried at 120 °C for 16 h, and then calcined at
350 C for 6 h. The obtained powder was pressed,
crushed and sieved into particles with diameter 0. 45 ~
0.28 mm. The compositions of five catalysts were as
follows: nK/nCu/nFe/nZn =x/1/3/1 ( molar ratio,
x=0,0.05, 0. 1, 0.15, and 0. 2 ), which were
marked as Cu-Fe-Zn, K, ,/Cu-Fe-Zn, K, /Cu-Fe-
Zn, K, s/Cu-Fe-Zn, K, ,/Cu-Fe-Zn, respectively.
1.2 Evaluation of catalytic activity

The performance of CO, hydrogenation reaction was
evaluated in a 10mm diameter stainless steel tubular,
fixed-bed continuous-flowing reactor. The catalyst ( par-
ticle diameter 0.45 ~0.28 mm, 5 g) sample diluted
with quartz sand (particle diameter 0.45 ~0.28 mm, 5
mL) was loaded in the middle of the reactor. In order to
ensure the reaction system run safely and stably, nitro-
gen was applied to flush all gas channels. Before reac-
tion, the catalyst was in situ reduced at 400 °C for 6 h
in H, atmosphere with gas hourly space velocity
(GHSV) of 1 800 h™'.
room temperature, the reactant gas ( H,/CO, =3/1,

After reduction and cooling to

molar ratio) flow was introduced into the reactor. The
CO, hydrogenation reaction was conducted at 200 ~ 500
°C, 2.0 MPa, and GHSV of 7 200 h™'. The liquid
product was collected every 12 h at each reaction condi-

tion and analysed by a gas chromatograph-mass spec-
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trometer ( GC-MS) ( Agilent 7890A-5975C ), the GC
part of GC-MS equipped with a flame ionization detector
(FID). The gaseous product was analysed every 12 h
online by a GC (Agilent 7890A) equipped with a TCD.
The catalytic performance of CO, hydrogenation reaction
was evaluated by conversion of CO,(Cy,) and selectiv-
ity of major products (S, ) according to Egs. (1-2)
Moles of CO,(in)—moles of CO,(out)
Moles of CO,(in)
x100% (1)

Ccoz( % )=

Carbon number of moles for product
Moles of CO,(in)-moles of CO,(out)
x100% (2)
1.3 Characterization of the catalysts
The Brunauer-Emmet-Teller ( BET) surface area

Sproduct ( % )=

(Sger) , pore volume (V,), and average pore diame-
ter (D, ) of the catalysts were detected by the adsorp-
tion and desorption isotherms of nitrogen at 76 K using
a ASAP 2020M analyzer ( Micromeritics US). Powder
X-ray diffraction ( XRD) patterns of the catalysts were
obtained using a X’ Pert PRO X-ray diffractometer
(PANnalytical US) with Cu Ko radiation operated at
40 kV and 40 mA. H,-temperature program reduction
(H,-TPR) was carried out in a quarts tube reactor
with a5.0% H,/Ar as the reduction gas. The samples
(50 mg) were reduced in a flow of 40 mL/min reduc-
tion especially gas at a rate of 10 °C/min from 25 °C to
700 °C with a programmable temperature controller.
The consumed gas was monitored by a thermal conduc-
tivity detector (TCD). Transmission electron microsco-
py (TEM) and HRTEM images were taken with a Tec-
nai-G2-F30 field emission transmission electron micro-

scope operating at accelerating voltage of 300 kV. X-

ray photoelectron spectroscopy ( XPS) analysis was ob-
tained using a VG Scientific ESCALAB 250Xi photoe-
lectron spectrometer with an Al Ko X-ray resource.
Binding energies were calibrated by the Cls binding
energy of 284.7 eV.

2 Results and discussion

2.1 Textural Properties

The summary of surface area and pore volume for
all calcined and reduced catalysts are given in Table 1
and Table 2. Table 1 showed that the incorporation of
K promoter significantly changed the textural properties
of Cu-Fe-Zn catalyst. Incorporation of K results in the
decreasing pore volume and BET surface area, whereas
the increasing pore diameter. It indicated that low ad-
dition of K promoter decreased the surface area of the
Cu-Fe-Zn composite catalyst. Subsequently, accompa-
nied with a gradually increasing K content, the BET
surface area of the samples presents a slowly increase,
while the average pore diameter decreases slightly. Ta-
ble 2 also showed the textural properties of catalysts af-
ter reduction. It indicated that the specific area and
pore characteristics did not change significantly. The
above results imply that the increasing of K content
may improve anti-sintering properties of the catalyst
precursor and promote the dispersion of catalyst parti-
cles, leading to a slight increase of surface area. The
formation of ZnFe, O, species (XRD, Fig.1 and TEM
(Fig.2) also support this conclusion. The ZnFe,0,
species can promote the dispersion of catalyst particles
by inhibiting sintering during processes of thermal
treatment and activation in H,/CO, reactant mix-

tures“o] .

Table 1 Physical properties of the calcined catalysts

Catalysts Sper/(m* = g™)* V,/(em® - g7’ D;/nm‘

Cu-Fe-Zn 38.76 5.3x107* 4.96
K, o5/ Cu-Fe-Zn 33.83 4.2x10™* 5.49
Ko/ Cu-Fe-Zn 63.09 7.7x107 4.81
Ky.15/ Cu-Fe-Zn 67.10 8.9x107* 4.71
K, ,/ Cu-Fe-Zn 71.04 9.6x10™ 4.63

a. Obtained from BET method; b. Total pore volume taken from the nitrogen adsorption volume at a relative pressure (P/P;) of

0.99; c. Average pore diameter determined from the adsorption data of the isotherms using BJH method.
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Table 2 Physical properties of the reduced catalysts

Catalysts Sper/ (m* = g7)" V,/(em® + g7')b D,/nm*

Cu-Fe-Zn 39.75 5.4x107 4.86
K, 05/ Cu-Fe-Zn 34.84 4.3x10™ 5.39
K,/ Cu-Fe-Zn 64.11 7.9x107 4.71
Ky 5/ Cu-Fe-Zn 68.31 9.2x107* 4.62
K, ,/ Cu-Fe-Zn 72.44 9.9x107* 4.53

©

. Obtained from BET method; b. Total pore volume taken from the nitrogen adsorption volume at a relative pressure (P/P,) of

0.99; c. Average pore diameter determined from the adsorption data of the isotherms using BJH method.
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Fig. 1 XRD patterns of reduced K, ;/Cu-Fe-Zn(a) , reduced
Cu-Fe-Zn(b) ,used K, ,/Cu-Fe-Zn(c¢) and used Cu-Fe-Zn(d)

2.2 XRD analysis
Bulk phases of K, ,/Cu-Fe-Zn and Cu-Fe-Zn cat-

alysts after reduction and used Cu-Fe-Zn and K, ,/Cu-
Fe-Zn catalysts were detected by XRD and were shown
in Fig. 1. The reduced Cu-Fe-Zn catalyst showed the
diffraction peaks at 26 values of 31.8°, 34.4°, 36.3°
and 47.5°, which belonged to ZnO (JFACDS NO. 36-
1451) , the diffraction peaks appeared at 20 values of
44.7°, 65.2°, 82.5° (JFACDS NO. 87-0722) and
43.3°, 50.5°, 74. 1° (JFACDS NO. 85-1326) were
corresponded to Fe, and Cu species, respectively'®’.
From the XRD spectrum of reduced K, ,/Cu-Fe-Zn
(Fig. 1a), we can find that K addition does not change
phase structures of metal species over the catalysts.
However, according to the XRD spectra of spent Cu-
Fe-Zn (Fig. 1d) after reaction at 350 °C , the new dif-
fraction peaks at 18.3°, 35.5°, 62.5° and 30. 0°,

53. 3° were observed except for the previously men-
tioned diffraction peaks in XRD spectrum of used Cu-
Fe-Zn catalyst, which corresponded to Fe,0, and Zn-
Fe,0,, respectively. Meanwhile, the XRD spectrum of
used K, ;/Cu-Fe-Zn catalyst is similar to that of fresh
K, 1/ Cu-Fe-Zn catalyst. This result indicated that the
moderate amount of potassium promoter could maintain
the structure of catalyst. Although the ZnFe,0, signal
was strong in the XRD spectrum of used Cu-Fe-Zn, the
weak signals of ZnFe, 0, were still appeared the K-con-
tained samples, for examples around 50 degree in
sample ¢, might due to the high dispersion of ZnFe,0,
in K-contained samples. In addition, the diffraction
peaks of Fe in used K, ,/Cu-Fe-Zn catalyst and Cu in
used Cu-Fe-Zn catalyst were observed. These results
are in accordance with the TEM results in Fig.2,
activity test in Fig. 5 and stability tests in Fig.6. No
diffraction peak characteristic of potassium was
observed because of low addition amount. Above
results indicated that the incorporation of suitable
potassium promoter could improve the stability and
dispersion of catalyst particles.
2.3 TEM analysis

According to the BET characterization (Table 1),
addition of potassium significant changed the surface
area and pore volume of the catalysts. XRD spectra of
catalysts indicated that the appropriate addition of
potassium promoter could improve the stability and
dispersion of catalyst particles. In order to gain more
insight on morphological changes, the TEM images of
reduced prepared Cu-Fe-Zn, K, ,/Cu-Fe-Zn catalysts
and used Cu-Fe-Zn, K, ,/Cu-Fe-Zn -catalysts are
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Fig.2 TEM images of reduced Cu-Fe-Zn(a) , used Cu-Fe-Zn(c) , reduced
K, /Cu-Fe-Zn (e) and used K, ,/Cu-Fe-Zn (g) ; HRTEM images of reduced Cu-Fe-Zn(b) , used
Cu-Fe-Zn (d), reduced K, ,/Cu-Fe-Zn (f) and used K, ,/Cu-Fe-Zn (h) ; EDX of image and peaks
of reduced Cu-Fe-Zn (A) and reduced K, ,/Cu-Fe-Zn (B) catalyst.

shown in Fig.2. TEM image shows the Cu-Fe-Zn catalyst aggregation has been effectively suppressed.
catalyst particles is in small pieces (Fig.2a), but Compared to the Cu-Fe-Zn catalyst, the catalyst of
slightly agglomerative phenomenon occurred. From the K, ;/Cu-Fe-Zn was higher dispersed with small parti-
Fig.2e of K, ,/Cu-Fe-Zn catalyst, the problem of cles about 10 nm.
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For the used Cu-Fe-Zn catalyst, more Fe;0, spe-
cies were exposed on the surface of the catalyst, which
might lead to the decrease of catalytic activity. After
addition of potassium promoter, the catalyst sintering
problem was improved effectively and the catalyst parti-
cles were dispersed uniformly. Fig.2A, Fig.2B are the
analysis for elemental composition of Cu-Fe-Zn and
Ky ;/Cu-Fe-Zn catalysts. These results were in accor-
dance with those results of XRD characterization.

2.4 H,-TPR analysis
Fig. 3 depicts the H,-TPR analysis of all five cata-

lysts. Three overlapped peaks of H, consumption were

H, Consumption /(a.u.)
%

100 200 300 400 500 600
Temperature /°C

Fig. 3 H,-TPR profiles of the catalysts
a. Cu-Fe-Zn; b. K, ,s/Cu-Fe-Zn; c. K, ,/Cu-Fe-Zn;
d. K, s/Cu-Fe-Zn; e. K, ,/Cu-Fe-Zn

appeared on all samples. The reduction peak centered
250 ~350 °C is related to the reduction of CuO to Cu
and ZnFe,0, to Fe304[32].
appeared at 300 ~ 500 °C on the reduction curves of

In addition, a broad peak

different K-promoted catalysts was corresponding to the
reduction of Fe;0, to Fe via FeO. FeO is not expected
to appear in the TPR spectra as it has been shown that

FeO is unstable compared to Fe and Fe, 0, .

From
the Fig. 3, we could find that the hydrogen consump-
tion increased significantly during the process of reduc-
tion of catalysts with the increased of potassium promo-
ter, and the degree of reduction of the catalyst also in-
creased. This was contrary to the report of Li, in which
potassium inhibited reduction of iron catalyst when H,

was used as the reducing agent'>*"). This may be the

result of the strong interaction between potassium oxide
and metal oxide, which suppresses the adsorption of
hydrogen on catalyst surface, In general, potassium is
considered as an electronic promoter, which may sup-
press the H, chemisorption on the catalyst surface,
therefore results in a higher reduction tempera-

4 From the point of view in hydrogen

ture
consumption and degree of reduction of the catalyst,
the K promoter increased dispersion and surface area of
catalysts.

2.5 XPS analysis

In order to further understand the change of cata-
lysts before and after reaction, XPS characterizations
have been performed for Cu-Fe-Zn ( reduced and
used) and K, ,/Cu-Fe-Zn (reduced and used) cata-
lysts. Fig.4A showed the Cu 2p XPS spectra of above
four catalysts. The peaks with binding energies at
932.7, 952.5, 934.4 and 954.4 eV were assigned to
Cu 2p,,(Cu), Cu 2p,,(Cu), Cu 2p,,(Cu0) and
Cu 2p,,,(CuO) , respectively. Fig. 4B showed the Fe
2p XPS spectra of above four catalysts. The peaks with
binding energies at 707.1, 720.1, 708.2, 721.2 eV
could be assigned to Fe 2p,,(Fe), Fe 2p,,, Fe 2p,,
(Fe;0,) and Fe 2p,, (Fe;0,), respectively. The
peaks with binding energies at 1 021.8, 1 044.2 eV
were assigned to Zn 2p,,,(Zn0) , Zn 2p,,,(Zn0) , and
the peaks with energies at 292.9, 295.5 eV were as-
signed to K 2p,,,(K,0), K 2p,,,(K,0). Those XPS
results indicated that the addition of potassium did no
significantly change the valence state over the catalyst
surface before reaction, but corresponding signals
varied remarkably after the reaction.

Metallic Cu and metallic Fe were presented on the
surface of both Cu-Fe-Zn and K, ,/Cu-Fe-Zn catalysts
before reaction. However, CuO and Fe;O, have been
observed on the surface of used Cu-Fe-Zn catalyst,
meanwhile, metallic state of Cu and Fe were still exis-
ted largely on the surface of used K, ,/Cu-Fe-Zn cata-
lyst. These results were strongly supported by XRD
characterizations. The XPS spectra of Zn 2p indicated
that Zn was in the +2 oxidation state on the surface of
all catalysts. These results indicated that potassium

promoter could improve the stability of catalyst. In ad-
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Fig. 4 XPS spectra of the catalysts (A): Cu2p XPS spectra; (B): Fe2p XPS spectra; (C) : Zn2p XPS spectra;
(D) K2p XPS spectra. a. reduced K, ,/Cu-Fe-Zn; b. reduced Cu-Fe-Zn; c. used K, ;/Cu-Fe-Zn; d. used Cu-Fe-Zn)

Reaction conditions: H,/C0,=3 : 1, GHSV=7,200 h™', 2.0 MPa, 350 C.

dition, potassium promoter could depress the oxidation
of Cu and Fe during the CO, hydrogenation and it
might be another reason of the change of product distri-
bution over Cu-Fe-Zn and K, ;/Cu-Fe-Zn catalysts.
2.6 Catalytic activity and selectivity

The tests of CO, hydrogenation reaction of all five
catalysts were performed at 2. 0 MPa, 7 200 h™" and
H,/CO,=3 : 1.

wards major product are presented in Fig.5. For Cu-

CO, conversion and selectivities to-

Fe-Zn catalyst without adding potassium promoter
(Fig.5a) , the conversion of CO, was around 5% when
the reaction temperature was in the range of 200 to 250
°C. The conversion of CO, increased obviously as the

increasing of reaction temperature, the conversion of

CO, reached the highest value of 58.9% at 350 C.
Beyond 350 °C, a gradually decrease of catalyst activi-
ty was observed with increasing reaction temperature.
The conversion of CO, declined to 51.1% at 500 °C.
As shown in Fig.5a, the CO, conversion in-
creased to a maximum with the increase of potassium
addition at K, ;/Cu-Fe-Zn catalyst. Further increasing
potassium content, the decrease of activity was ob-
served. K, ;/Cu-Fe-Zn showed the highest CO, con-
version (68.7% ) at 350 °C among all five catalysts.
The previous reference paper reported ' that CO, con-
version was enhanced with the increased of K content,
because K could enhance CO, adsorption. However,

other literatures reported that over-loading potassium in
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catalyst led to the deposition of carbon on the surface,

which resulted in the formation of immobile carbon on
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Fig.5 The CO, conversion (a), product distribution over different catalyst at 350 C (b).

The impact of potassium promoter on the product
distribution is presented in Fig.5b. It can be found that
the selectivity of ethanol decreased gradually, whereas
that of total oxygen compounds and total alcohols pre-
sented a slowly increasing trend with increasing potassi-
um concentration. Fig. 5b revealed that the selectivity
to ethanol decreased and selectivity to higher alcohols
and oxygen containing compounds increased with in-
crease in potassium incorporation. The main products
shift from ethanol to higher alcohols and oxygen contai-
ning compounds like acetone, acetic acid. The increase
of potassium content may increase chain growth proba-
bility of product. This might due to the increased CO,
and lowered H, surface coverage caused by introduction

©9 " In addition, the

of alkali metal promoter K'
change of the product distribution might be caused by
the changes in the structure of catalyst during the reac-
tion process, which was further supported by XRD and
XPS results of used catalysts.
2.7 Stability tests of catalysts

Fig. 6 showed the stability tests of catalysts Cu-Fe-
Zn and K, ,/Cu-Fe-Zn under same reaction conditions.
For the Cu-Fe-Zn catalyst, the CO, conversion reached
the highest value of 58.9% in the early stage of stabili-
ty test, and then declined slowly when the reaction
time exceeded 50 h, the CO, conversion decreased to

55% when the reaction time over 100 h. However,

correspondingly, for the K, ,/Cu-Fe-Zn catalyst, the
CO, conversion still maintained at high level around

68.7% after 100 h.

701

50+

40

30

201

CO, Conversion/%

10+

oL —8— Cu-Fe-Zn
—0—K,.1/Cu-Fe-Zn

-10 L . 1 . 1 . 1 R 1 . L
0 20 40 60 80 100

Reaction time/h

Fig. 6 Stability tests over Cu-Fe-Zn and K, ;/Cu-Fe-Zn catalysts
Reaction conditions;: H,/C0,=3: 1, GHSV=7, 200 h™",
2.0 MPa, 350 C.

2.8 Proposed reaction paths of CO, hydrogenation
over Cu-Fe-Zn and K /Cu-Fe-Zn
The CO, hydrogenation reaction process over K /
Cu-Fe-Zn catalytic system can be explained in terms of
Scheme 1. Copper is known to be the major active ele-
ment for catalytic hydrogenation reaction of CO,, which
facilitates the associative adsorption of CO, and dissoci-

ative adsorption of H,. Iron can improve the stability of
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Scheme 1 Proposed reaction mechanism of CO, hydrogenation

over Cu-Fe-Zn and K /Cu-Fe-Zn

active species of the catalysts, and zinc oxide can im-
prove the dispersion and stabilization of copper'®" ™.
Under the reaction condition, the CO, molecule and H,
molecule adsorbed on the catalyst surface, produce CO
via reverse water gas shift (RWGS) reaction then form
carbon species ( COads). For the Cu-Fe-Zn catalyst
without K promoter, the carbon species ( COads)
transferred over the catalyst surface and react with H,
to produce ethanol through formate intermediate. For
the K, /Cu-Fe-Zn

strengthen COads chemisorption and weaken H, chemi-

catalyst, incorporated K may
sorption on the catalyst surface, as a result, the
amount of carbon species ( COads) absorbed on the
catalyst surface increases, which leads to a high con-
centration ratio of COads to H,"*'. In addition, alkali
metal promoter K increased the basicity of the catalyst,
which may enhance the adsorption of CO, over the sur-
face of catalyst to produce higher alcohols and oxygen
containing compounds. For the K-added catalysts, Fe
was supposed to increase the carbon chain of products
similar to F-T synthesis reaction. The main products
shift from ethanol to higher alcohols and oxygen contai-
ning compounds was observed with the incorporation of

potassium promoter.

3 Conclusions

In the present study, CO, hydrogenation was car-
ried out over Cu-Fe-Zn catalyst promoted by K. Re-
sults indicated that K affected the textural property of
catalysts, as well catalytic activity and product distri-
bution remarkably. The addition of K facilitated the
better dispersion of metal oxide and increased the BET

surface of catalysts. In the hydrogenation reaction,

conversion of CO, was mainly controlled by temperature
while the product distribution and selectivity were
largely influenced by the relative amount of K promo-
ters and operating conditions. A maximum activity and
stability was obtained over K, ,/Cu-Fe-Zn catalyst at
350 °C, the conversion of CO, reached 68.7% . Fur-
ther increase K addition in Cu-Fe-Zn catalysts, the
conversion of CO, declined slightly and the product dis-
tribution shifted from ethanol to oxygen containing com-

pounds and higher alcohols.
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