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Abstract:  The  dehydrogenation  of  2,3-butanediol  (BDO)  to  3-

hydroxybutanone  (HBO) was  studies  over  Li  cation-doped  CuZnAl

catalysts. The catalyst samples were characterized by  XRD, XPS, H2-TPR

and  SEM techniques.  The  characterization  results  showing  that  doping

with  Li  cation  obviously  modified  the  surface  morphology  of  CuZnAl

catalysts;  decreased the reduction temperature of CuZnAl catalysts; and

finally  increased  the  amount  of  Cu  active  sites.  The  reaction  results

showing  that,  Li  modified  CuZnAl  catalysts obviously  enhanced  the

selectivity  of  the  dehydrogenation  of  BDO  to  HBO  by  inhibiting  the
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dehydration of BDO. The Li(2%)-Cu(44%)- Zn(38%)-Al(16%) exhibited the

highest activity for dehydrogenation of BDO, with the conversion rate of

BDO is 72.4% and the selectivity of HBO is 95.9% at 260 oC. This catalyst

shows  excellent  stability  for  more  than  100  h  without  significant

deactivation.

Keywords:  2,3-butanediol;  3-hydroxybutanone;  Dehydrogenation

reaction; Alkali metal modification; CuZnAl catalyst

1. Introduction

3-Hydroxybutanone  (HBO),  also  known  as  acetoin,  is  naturally  found  in

many  foods,  such  as  corn,  grapes,  apples  and  meat.  It  is  a  widely  used

flavoring  spice  with  a  pleasant  creamy  aroma,  which  is  mainly  added  in

cream, dairy, yogurt and strawberry flavored[1-2]. Furthermore, HBO has an

important  application in the wine industry,  the product,  containing 80% of

HBO, plays a crucial role in liquor flavoring [3]. In addition, because of the

typical aroma and beneficial effect on leaf fragrance, HBO is the main basis of

the special aroma for the special flavor flue-cured tobacco. Efforts have been

striven to expand apply in Europe, the United States and Japan. At present,

there  are  three  main  industrial  methods  for  HBO  production:  partial

hydrogenation  of  2,3-butanedione  [4-5],  selective  oxidation  of  2,3-

butanediol[6-7] and chlorination and hydrolysis  of  butanone[8-9].  However,

the weakness of these three methods are hard to be ignored, such as low

yield, serious pollution and poor quality which is difficult to meet the flavoring

requirements.

2,3-butanediol  (BDO),  also  known  as  2,3-bishydroxybutane,  is  an

important  chemical  dye  and  liquid  fuel,  which  is  widely  applied  in  the

chemical,  food,  fuel  and  aerospace  industries.  Besides,  it  can  also  be

dehydrogenated  to  acetoin  by  dehydrogenase  [10-11].  The  downstream



applications  of  BDO  mainly  include  dehydration  to  prepare  methyl  ethyl

ketone  (MEK)  and  2-methylpropanal.  For  example,  Ai  V.  Tran  et  al.  [12]

investigated BDO catalytic dehydration to MEK, Zhang et al. [13] studied the

efficient dehydration of BDO to MEK catalyzed by boric acid-modified HZSM-5,

and  Zheng  et  al.  [14]  investigated  BDO  dehydration  to  2-methylpropanal

catalyzed  by  Cu-based  catalyst.  In  addition,  BDO  can  as  well  be

dehydrogenated to diacetyl, which is a high value-added food additive [15].

However, at present, there are still few studies on BDO dehydrogenation to

prepare HBO, which is a far more promising platform chemical.

CuZnAl catalyst plays a crucial role in the chemical industry. It is widely

used in alcohols dehydrogenation reaction to make correspond aldehydes and

ketones [16-17], due to their well  dispersion on the support,  relatively low

reaction  temperature,  high  space  velocity,  large  surface  free  energy  and

simple  process.  Liu  et  al.  [18]  studied  cyclohexanol  dehydrogenation  to

cyclohexanone based on CuZnAl catalyst, while Jung K D et al. [19] studied

methanol  catalytic  dehydrogenation  to  acetic  acid  by  CuZnAl  catalyst.

Although there are many studies on the alcohols dehydrogenation catalyzed

by CuZnAl, the mechanism of catalytic reaction for dehydrogenation is still

unclear  [20].  F.  Pepe  et  al  [21]  believed  that  Cu0 is  the  only  effective

component in the dehydrogenation catalyst, the increase in Cu+ content does

little for activity enhancement. However, Herman et al. [22] proposed that the

active site is the Cu+ dissolved in zinc oxide by in-depth study on CuZnAl

catalyst.  Besides,  Liu  et  al  [23]  investigated  the  catalytic  performance  of

CuZnAl  modified by Ga2O3 in  methanol  steam reforming reaction,  showing

that with Ga2O3 the reducibility of modified catalyst is improved. Tan et al [24]

applied Mn modified CuZnAl in the synthesis of dimethyl ether (DME), they

found that the catalyst has high activity and good stability, indicating that the

addition of metal additives can modulate the catalytic performance of CuZnAl

catalyst.



Herein, the promotion effect of Li cation on CuZnAl catalyst was in-depth

studied in the reaction of selectively dehydrogenation of BDO to HBO. The

CuZnAl  catalyst  was  synthesized  with  co-precipitation  method,[25]  then

different  of  Li  content  (1,  2,  4,  8wt.  %)  was  doped  by impregnation  with

different concentration of  LiNO3 solution. The characterization and reaction

results showing that Li cation obviously decrease the reduction temperature

of CuZnAl catalysts and increase the amount of Cu active sites. In the reaction

of  selectively  dehydrogenation  of  BDO  to  HBO,  the  effect  of  Li  cation

significantly  promotes  the  production  of  HBO  and  inhabit  the  competing

reaction of DBO dehydration. 

2. Experimental

2.1 Agents and instruments

Cu(NO3)2·3H2O, Zn(NO3)2·6H2O, Al(NO3)2·9H2O, LiNO3,  Na2(CO3)2 and BDO

were all analytically pure and purchased from Sinopharm Chemical Reagent

Co., Ltd.

Magnetic stirrer (HJ-4, Jintan Ronghua Instrument Manufacturing Co., Ltd.,

Jiangsu Province); circulating water vacuum pump (SHZ-D, Gongyi City, China

Instrument  Co.,  Ltd.);  electronic  balance  (WT-B1003,  Hangzhou  Wante

Weighing  Apparatus  Co.,  Ltd.);  desktop  drying  oven  (101-1  EBS,  Beijing

Yongguangming Medical  Instrument Co.,  Ltd.);  constant  temperature water

bath (DF-101S, Gongyi, China Instrument Co., Ltd.); gas chromatograph (6890

plus, Agilent); Muffle furnace (SX2-4-10, Shenyang Industrial Electric Furnace

Factory).

2.2 Preparation of catalysts

The CuZnAl catalyst was prepared by co-precipitation method. A typical

preparation procedure is as follows: 

The CuZnAl catalyst was prepared by co-precipitation method. A typical



preparation procedure is as follows: 

 Cu(NO3)2,  Zn(NO3)2 and Al(NO3)3 were prepared and mixed to aqueous

nitrate  solution,  the  aqueous  of  the  mixed  metal  nitrate  solution  with  an

atomic ratio of the metal components of 1:1:1 and then Na2(CO3)2 aqueous

solution (1mol/L) was added into the mixture as precipitant. Precipitation was

carried out under 80 ° C. After the precipitation, the mother liquor was aged

for 6 h, and filtered and washed with deionized water, then dried at 100 °C for

8 h, and calcined at 500 ° C for 4 h, the CuZnAl catalyst was obtained. The

molar ratio of CuZnAl catalyst is 4.5:4.5:1. 

The  Li  modified  CuZnAl  catalyst  was  prepared  by  the  impregnation

method. The specific method is as follows: a certain concentration of LiNO3

solution was prepared, and then added dropwise to the CuZnAl catalyst with

stirring at room temperature. After stirring for 12 h, the sample was dried at

100 °C for 8 h, and then calcined in air at 500 °C for 4 h. Finally, a Li-modified

CuZnAl catalyst was obtained, which was denoted as Li-CuZnAl. The element

ratios of different modified Li content were analyzed and shown in table 1.

Table 1. Chemical compositions of different Li content catalysts

Sample CuO(wt%) ZnO(wt%) Al2O3(wt%) Li2O(wt%)

1 wt.% of

CuZnAl
42.4 43.6 13 1

2 wt.% of

CuZnAl
42.6 42.9 12.5 2

4 wt.% of

CuZnAl
41.3 43 11.7 4

8 wt.% of

CuZnAl
39.7 40.7 11.6 8

2.3 Catalyst characterization

The  crystal  structure  of  the  sample  was  analyzed  by  XRD-7000  X-ray



diffraction (XRD) from Shimadzu Corporation of Japan; XPS characterization

was  performed using  a  PHI  5000 Versa Probe electron  spectrometer  from

UIVAC-PHI  Corporation  of  Japan.  The specific surface area of  samples was

measured by Microscales 2010 physical adsorption instrument from American

Instruments and scanning electron microscopy (SEM) images were recorded

on a JEOL JSM-6380-LA high resolution transmission electron microscope. The

surface morphology of samples was observed on a Japanese Hitachi SU8010

field emission electron scanning microscope. The samples were characterized

by  H2-TPR  using  a  Conta  TPD/TDR-Pulsar  fully  automated  dynamic

chemisorption analyzer.

2.4 Catalyst performance

The performance of the catalyst for the dehydrogenation of BDO to HBO

was evaluated in a continuously flowing fixed bed reactor. The reactor was a

stainless steel microreactor with an internal diameter of 10 mm. 2 g of the

catalyst (20-40 mesh) was weighed and packed into the constant temperature

zone of the reactor, and the upper and lower sections of the catalyst bed were

packed with quartz sand (20-40 mesh). Reduction needed to be carried out

first. The procedure is as follows: The reaction tube was heated from room

temperature to 260 °C at a rate of 5 oC/min and kept for 4 h under a mixed

atmosphere  of  hydrogen  (10%)  and  nitrogen  (90%).  After  the  reduction

finished, it was cooled to the reaction temperature with N2. And then, BDO

was fed into the reactor by a constant current pump, and the sample was

collected  after  being  stabilized  for  3  hours  and  vent  at  each  testing

temperature  point.  The  product  was  analyzed  by  Agilent  7890A  gas

chromatography with capillary column and hydrogen flame detector (FID). The

oven program: 60 °C for 6 minutes, rise to 220 °C at a rate of 10 °C/min and

keep for 10 minutes. The performance of the catalyst was characterized by

the  conversion  of  2,3-butanediol,  the  selectivity  and  yield  of  3-

hydroxybutanone.  Reaction  condition:  atmospheric,  temperature=250~280



oC,  LHSV=0.05~0.3  h-1.  The  2,3-butanediol  conversion  and  selectivity  are

calculated by chromatographic analysis. The formula of BDO’s conversion is:

α%=1−
C
C0

×100%

C0 is  the concentration of  2,3-butanediol  in the raw material,  C is  the

concentration of 2,3-butanediol after the reaction in the product.

The formula of HBO’s selectivity is:

β%=
C a

(
C0—C
M BDO

)×MHBO

×100%

Ca is the concentration of 3-hydroxybutanone in the product, MBDO is the

molar  mass  of  the  2,3-butanediol,  MHBO is  the  molar  mass  of  the  3-

hydroxybutanone.

The formula of HBO’s yield is:

γ%=α%×β%

3. Results and discussion

3.1. Catalyst Characterization
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Fig.1 XRD patterns of CuZnAl and Li-CuZnAl catalysts

The XRD patterns of as-prepared Li-CuZnAl catalysts, which calcined at

500 °C in air after the promotion with different Li contents, are shown in

Figure 1. No obvious diffraction peaks were observed in the XRD patterns of

the supports Al2O3 before and after Li promotion, revealing that tuning Li

contents did not influence the amorphous phases of the Al2O3 supports. In

the case of the Cu and Zn contents, the XRD patterns were very different

from that  of  the  Al2O3 supports.  Specifically,  the  height  and area of  the

diffraction peaks (2θ = 35.5°, 38.7 °, 48.8 °) of the CuO phase [26], and

the peaks (2θ =36.52 ° and 61.46 °) of Cu2O phase [27], as well  as the

diffraction  peaks  (2θ  =22.8  °,  34.3  °,  36.1  °)  of  ZnO  phase  [26],  were

obviously increased after the Li  promotion. These results indicate that Li

promotion distinctly change the crystallinity and orientation of Cu and Zn

contents.  More  interestingly,  the  half-peak  width  of  these  peaks  was

significantly decreased, which means that the size of CuO, Cu2O and ZnO

crystalline were reduced by the Li  modification. A similar effect was also

found in  the  previous  study [28].  And this  crystalline  size  reduction  will

increase the surface  area and favor  the catalytic  reaction.  On the other

hand,  Figure  1  also  showed  that  the  enlargement  of  the  peaks  of  CuO

phase (such as the peak 2θ = 38.7 °) are more remarkable than the Cu 2O

phase,  which  means  the  ratio  of  CuO  to  Cu2O  may  be  increased  by  Li

modification.  A  peak  located  around  66-67  °  was  generated  by  Li

promotion.  According  to  the  literature  this  peak  should  be  attributed  to

spinel-type  CuAl2O4 nanocrystalline  [29,30],  which  was  proved  could

enhance the long-term stability by increasing the resistance to sintering of

the  catalyst  and  also  further  decrease  the  size  of  Cu  species.  The

characteristic diffraction peak position of Li2O is 2θ = 56.6 ° and 33.9 °, the

characteristic diffraction peak of Li2O overlaps because it is very close to

the characteristic diffraction peak of ZnO. With the increase of Li content,



the  diffraction  peak intensity  of  Li2O was  the  strongest  at  4  wt.  % and

weakest at 2 wt. %, This proved that Li2O in 2 wt. % catalyst had the best

dispersion. This is consistent with our experimental results. In the CuZnAl

catalyst,  we also observed a wide peak near 2θ =56.6°,  because of  the

characteristic diffraction peaks of CuO and ZnO in this region, we believed

that CuO/ZnO co-solution was formed in the co-precipitation process.

Finally,  these  findings  clearly  revealed  that  the  effects  of  Li

promotion/modification including: 1) increased the crystallinity and decrease

the size of CuO, Cu2O and ZnO crystalline; 2) increased the ratio of CuO to

Cu2O; 3) generated a spinel-type CuAl2O4 nanocrystalline. And more, the Li

contents  also  influence  the  promotion  performance.  Excessive  Li2O  will

decrease crystallinity and cover the surface of Cu species, for example, when

the  introduction  amount  of  Li  is  8  wt.  %,  the  peak  intensity  of  Cu2O  is

significantly reduced.

Fig. 2 XPS spectra of CuZnAl and 2 wt. % of Li-CuZnAl

Figure 2 shows XPS spectrum of CuZnAl catalyst samples before and after

Li (2 wt. %) modification. The binding energy peaks around 930 to 935 eV

corresponded to Cu0 and Cu+, and Cu2+ species [31,32]. As shown in Figure 2,

the  peak  shifted  to  higher  binding  energy  which  indicate  more  CuO  was



generated on the surface of CuZnAl catalyst. And more, the ratio of CuO/Cu2O

on the surface was obviously increased which is matched with the XRD results

in Figure 1. According to the results of XRD in Figure1, Li promotion obviously

modified the distribution of the Cu species in the CuZnAl catalyst due to the

strong electron donation effect of Li[33].

Fig. 3 H2-TPR diagram of CuZnAl and 2 wt. % of Li-CuZnAl

The  reduction  behaviors  of  the  catalyst  samples  of  CuZnAl  and  Li-

CuZnAl (2 wt. %) were studied by H2-TPR, and the results were presented in

Figure  3.  As  displayed  in  Figure  3,  the  H2-TPR  profile  of  both  of  CuZnAl

catalyst samples before and after 2 wt % Li modification have two groups

reduction  peaks  located  at  around  150-350  and  400-700  oC,  which

corresponded to the reduction of CuO/Cu2O and CuAlOX, respectively [34].

Firstly,  as  shown in  Figure  3,  most  of  Cu  species  in  our  co-precipitation

method synthesized samples are CuO/Cu2O which could be reduced to Cu

metal  below  350  oC by  H2 [35].  Secondly,  the  two  hydrogen-consuming

peaks are asymmetrical and trailing, suggesting that the reducible oxides

are polymorphic, and the reduction is carried out species by species [36].

Thirdly,  Li  modification  obviously  further  decrease  the  reduction

temperature. The  reduction  mechanism  for  CuO  and  Cu2O  by  H2 was



investigated in detail [37], and results showing that the apparent activation

energy for the reduction of CuO is about 14.5 kcal/mol, while the value is

27.4 kcal/mol for Cu2O. Therefore, the reduction of CuO is easier than the

reduction of Cu2O. Combining our XRD results in Figure 1 which showing the

Li modification increase the ratio of CuO/Cu2O, the conclusion is that the Li

promotion/modification enhance the formation of CuO, which is more easily

to be reduced. The peak area in Figure 3 correspond to H2 consumption, a

larger  peak  area  of  Li  modified  CuZnAl  catalyst  indicate  more  CuO was

reduced during the H2 treatment, due to the different H2 consumption rate

of CuO and Cu2O. 

Fig. 4 SEM images of CuZnAl (A, B) and 2 wt. % of Li-CuZnAl (C, D)

The SEM images of CuZnAl (A, B) and 2 wt. % of Li-CuZnAl (C, D) are

shown  in  Figure  4.  It  is  showing  that  the  Li  promotion/modification

significantly re-constructed the surface of CuZnAl catalyst. The surface of

the  fresh  CuZnAl  catalyst  which  prepared  by  co-precipitation  method

exhibits a massive structure, and particles aggregate to each other by the



interaction of hydrogen bonds and van der Waals forces [38]. After the Li

modification, a large amount of spinel structure crystals was formed, which

obviously change the morphology and increase the crystallinity of CuZnAl

catalyst. That results are coincident with the XRD results in Figure 1.

Table 2. Physico-chemical parameters of the CuZnAl and 2 wt. % of Li-CuZnAl catalysts

Samples Pore Diameter(nm) Pore Volume(cm3/g) Surface Area(m2/g)

CuZnAl 0.755 0.247 217.204

2 wt. % of Li-CuZnAl 0.631 0.281 204.969

Fig. 5 N2 adsorption-desorption isotherms of the CuZnAl and 2 wt. % of Li-CuZnAl (A) and

the BJH of the CuZnAl and 2 wt. % of Li-CuZnAl (B)

The textural properties and the chemical compositions of the catalysts of

the CuZnAl and 2 wt. % of Li-CuZnAl are listed in Table 2. Clearly decrease in

the specific surface areas of the catalysts could be observed after Li modified.

The catalyst CuZnAl shows higher specific surface areas of ca. 217.204 m2/g,

while  the  value  for  2  wt.  %  of  Li-CuZnAl  is  decreased  to  204.969  m2/g,

indicating that  the Li  modified in  the catalyst  could adversely  impact  the

structure of the supports. The N2 adsorption-desorption results show that all

the catalysts display the hysteresis loop with type Ⅳ, confirming the presence

of the mesoporous structures in the catalysts. Fig. 5B illustrates after Li was

modified, the pore distribution of the catalyst became relatively concentrated

which the Mean pore-size decreased from 0.755 nm to 0.631 nm. The CuZnAl

catalyst shows the highest peak intensity at about 0.6 nm and 0.75 nm and

the  2  wt.  %  of  Li-CuZnAl  catalyst  only  shows  one  peak  at  about  0.6nm,

suggesting that Li  modified in the CuZnAl catalyst would destroy the porous

structure. The 2 wt. % of Li-CuZnAl exhibits lower pore diameter and surface



area illustrates Li2O is attached to the catalyst surface, blocking part of the

channel, so that the specific surface area of the catalyst decreases. The new

composition of CuAl2O4 enhance the interaction between Cu, Zn and Al would

also reduce the pore diameter and specific surface area.

The catalytic performance of the Li modified catalyst samples for the

dehydrogenation of BDO to HBO was evaluated in a continuously flowing

fixed bed reactor. As shown in Figure 6, under the reaction temperature of

260  oC, both the conversion of BDO and the selectivity of HBO showing a

volcanic  curve  with  the  2  wt.  %  of  Li-CuZnAl  shows  the  highest  BDO

conversion  of  72.4%,  HBO selectivity  of  95.9%,  and the  yield  of  69.4%.

According  to  characterization  results,  Li  modification  create  a  spinel

structure of CuZnAlOx crystals, which have a lower reduction temperature

in presence of H2, which means after Li modification more Cu0 species were

generated and they are crucial  for the dehydrogenation reaction. On the

other hand, the excess amount of Li can cover the Cu+ active centers on

the  catalyst  surface  and  hinder  the  reduction  of  Cu2+.  However,  the

insufficient amount of Li would result in deficient electron effect, and then

decreasing the number of Cu+ active centers. 

 

Fig.6 Dehydrogenation of BDO catalyzed by CuZnAl and Li-CuZnAl catalyst with different Li

contents

Reaction condition: 0.1 MPa, 260 oC, LHSV=0.1 h-1

Fig. 7 showed the temperature dependence of the two catalysts before

and  after  2  wt  %  of  Li  modification.  It  indicates  that  under  the  same

conditions, the 2 wt. % of Li-CuZnAl shows higher catalytic performance for

dehydrogenation of BDO than that of CuZnAl. According to the results of

XPS and H2-TPR, the reduction temperature of the catalyst is lowered after

the addition of Li since the electron effect of Li increases the number of Cu



active  centers,  thereby  improving  the  performance  of  the  catalyst.  The

activity of the two catalysts shows that the conversion of BDO is increased

with the temperature rising, while the selectivity of HBO is decreased. The

optimum reaction  temperature  is  260 °C,  and under  such condition,  the

conversion of BDO is 72.4%, the selectivity of HBO is 95.9%, and the yield

is 69.4%.

 

Fig.7 Dehydrogenation of BDO catalyzed by CuZnAl and 2 wt. % of Li-CuZnAl

Reaction condition: 0.1 MPa, 250~280 oC, LHSV=0.1 h-1

The effect  of  space  velocity  on  the  dehydrogenation  performance of

BDO catalyzed by 2 wt. % of Li-CuZnAl was studied, as shown in Fig. 8. As

the space velocity increased from 0.05 h-1 to 0.3 h-1, and the conversion of

BDO increased from 69.8% to 72.4%, and then decreased to 62.7%, while

HBO  selectivity  increased  from 92.3% to  97.1%.  The  maximum product

yield appeared at 0.1 h-1, which was 69.4%.

 

Fig. 8 Effect of space velocity on BDO dehydrogenation catalyzed by 2 wt. % of Li-

CuZnAl

Reaction condition: 0.1 MPa, 260 oC, LHSV=0.05~0.3 h-1



Most of  the industrial  chemical  reaction are conducted at medium to

high  temperatures.  Catalysts  that  are  used  to  make  these  processes

feasible  have  to  be  not  only  active,  but  also  stable  under  reaction

conditions for extended periods of time. The study of catalyst stability is

crucial.  Fig. 9 shows the stability of the 2 wt. % of Li-CuZnAl in the BDO

dehydrogenation  which  was  conducted  at  260  °C  and  0.1  h -1(LHSV).  It

indicates  that  2  wt.  %  of  Li-CuZnAl  exerts  excellent  stability  in  BDO

dehydrogenation to HBO. During the 100 h of operation, BDO conversion is

maintained at about 72%, HBO selectivity is around 96%, and the yield is

around 70%.

 

Fig. 9 Stability study on 2 wt. % of Li-CuZnAl

Reaction condition: 0.1 MPa, 260 oC, LHSV=0.1 h-1

According to figure 9, we found that the selectivity and conversion rate

of  BDO  did  not  change  significantly  after  a  long  reaction.  XRD

characterization of 2 wt. % Li-CuZnAl was carried out after 100 h reaction.

The characteristic diffraction peak of CuO disappeared after the reaction. It

has been reported that the active site of alcohol dehydrogenation reaction

is Cu0/Cu+  [39], this is consistent with the XRD pattern after the reaction.

The diffraction peaks of ZnO. Li2O and Cu2O in the catalyst did not change

position  compared  with  those  before  the  reaction,  indicating  that  the

physical structure of the catalyst was stable in the reaction process, which

should be the reason for the long-term stability of the catalyst. After the

reaction, there was a diffraction peak of carbon deposition in the catalyst,

which  indicated  that  carbon  deposition  would  be  generated  by  partial

sintering after a long reaction in the catalyst, but this phenomenon had no

obvious effect on the catalytic activity of the catalyst.



Fig.10 XRD patterns of 2 wt. % Li-CuZnAl after 100h reaction

3 Conclusion

The promotion effect of Li cation on CuZnAl catalyst was studied in the

dehydrogenation of 2,3-butanediol to 3-hydroxybutanone. Importantly, the

characterization results showing that Li-CuZnAl can decrease the reduction

temperature  of  CuO  and  increase  the  specific  surface  area,  and  the

electron  donating  effect  of  Li  can  increase  the  charge  density  of  the

catalyst  surface,  thereby  improving  the  performance.  The  excessive

amount  of  Li  will  cover  the  surface  active  sites  and  reduce  the

performance.  Therefore,  2  wt.  %  of  Li-CuZnAl  catalyst  shows  the  best

performance.  Under  the  conditions  of  260  oC,  0.1  h-1and  0.1MPa,  the

conversion of BDO is 72.4%, the selectivity of HBO is 95.9%, the yield of

product is 69.4%. Meanwhile, the catalyst presents excellent stability, and

can be operated continuously for at least 100 h without significant change

in properties. 
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