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Using starch modified SiO2 as the support, an efficient copper 

catalyst with superior catalytic performance for methanol 

decomposition can be obtained, suggesting the key role of 

nature of support in preparing Cu/SiO2 catalyst with stable 

and highly dispersed copper nanoparticles by impregnation 

method. 

Because of the low cost and good catalytic activity, Cu-SiO2 

catalyst has been widely investigated in many catalytic reactions, 

such as hydrogenolysis of esters to alcohols1, dehydrogenation of 

alcohols2, decomposition of methanol3, etc. However, 

deactivation of Cu-SiO2 is unavoidable during the reaction 

process. This can be attributed to the weak interaction between 

copper and SiO2
4, and to the inferior thermostability of copper 

due to its low Hüttig temperature5, so copper metal agglomerates 

and sinters easily, which shows a gradual decrease of activity 

with time on stream. 

Therefore, many research efforts toward stable Cu catalysts have 

been carried out aiming at enhancing the stability of Cu-SiO2 

catalyst. The improvement has been achieved by using novel 

preparation methods such as atomic layer epitaxy technique6, 

electroless7, deposition precipitation8, ion-exchange9 and 

ammonia evaporation hydrothermal10, and by modification with a 

second element11. These studies clearly demonstrate that higher 

dispersion of copper helps delaying the agglomeration of copper, 

giving a catalyst with enhanced catalytic performance. The 

dispersion of copper is greatly affected by the preparation method, 

and the catalyst prepared via the impregnation method exhibit 

poor copper dispersion and inferior catalytic activity6,7,9a,9b. 

The preparations of Cu supported on SiO2 by impregnation 

method have been widely adopted due to its simplicity and the 

easy control of conditions. However, good results have been 

obtained only with M-Cu/SiO2 systems. For example, Akio 

TADA12 prepared a catalyst with high selectivity and stability for 

methanol decomposition by using nickel to modify Cu/SiO2. 

Ching-Shiun Chen13 reported that the dispersion of copper could 

be significantly improved by modification with Fe, and both the 

activity and stability were enhanced for the reverse water gas 

shift reaction. Up till now, little work has been done on 

enhancing catalytic performance of Cu/SiO2 via modifying the 

SiO2 support. Our previous work
14 showed that using the starch 

modified SiO2 as support an efficient Cu/SiO2 for preparing 

methyl formate by dehydrogenation of methanol at 200ºC could 

be obtained by impregnation method, and the results were 

attributed to the surface silanol (Si-OH) concentration being 

modified by starch, which were beneficial to the dispersion of Cu 

species. In this contribution, the catalyst system is further 

researched aiming at a better understanding of the mechanism of 

starch modification and the catalytic performance for methanol 

decomposition at 300 ºC. 

The starch modified SiO2 support (denoted as SiO2-S) calcinated 

at 500ºC was denoted as SiO2-S-500 (starch was completely 

removed from the support, Fig. S1, ESI†). After loading 22.5% 

of Cu via impregnation, the samples were subjected to pre-
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calcination in different atmosphere at 300ºC, giving four catalysts 

for catalytic testing. (Details are listed in ESI†). 

Fig.1 presented catalytic performance of the above four catalysts 

for methanol decomposition, and among which Cu/SiO2-S[300-

Air] exhibit the best activity and stability. The initial methanol 

conversion was 91.8% and decreased to 64.0% at 30h, then 

levelled off up to 170h. However, on Cu/SiO2[300-Air] catalyst, 

the initial methanol conversion was only 45.7%, and dropped 

drastically to 16.9% within 4.4h. The data clearly indicated that 

the catalytic behaviour of Cu/SiO2 catalyst was significantly 

enhanced due to the pre-modification of support by starch prior to 

Cu loading. 

The evaluation data of Cu/SiO2-S[300-N2] showed an initial 

methanol conversion of 77.0%, then gradually dropped to 44.9% 

within 153h, with no stable platform appeared. In a control 

experimental, when the support was pre-calcinated in air to 

remove the starch, the obtained Cu/SiO2-S-500[300-Air] revealed 

very rapid deterioration in catalytic activity, which is similar to 

that of bare Cu/SiO2[300-Air]. These data demonstrated that the 

effect of starch on improving the catalytic performance occurred 

during the process of catalyst preparation and correlated well 

with the calcination atmosphere. 

On the four catalysts, the major reaction of methanol was 

decomposition, and the selectivity of H2 and CO was more than 

96%. 
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Fig. 1 The variations of methanol conversion with time on stream 

Reaction conditions: Temperature=300ºC, Weight Hourly Space 

Velocity(WHSV)=1.58h-1, Pressure=0.1MPa. 

 

To understand the difference in catalytic performance, the fresh 

catalysts (after calcination) were characterized. With XRD (Fig. 

2), the typical lines assigned to CuO(JCPDS no 45-1548) were 

recorded except Cu/SiO2-S[300-N2]. Cu/SiO2-S[300-Air] 

displayed broadened and decreased diffraction peaks as 

compared with both Cu/SiO2[300-Air] and Cu/SiO2-S-500[300-

Air]. This indicated that CuO particles were smaller (Table S1, 

ESI†) with a higher dispersion in Cu/SiO2-S[300-Air], comparing 

with the other two catalysts11b. This was also demonstrated by the 

results of H2-TPR (Fig. S2, ESI†), XPS (Fig. S3 and Table S1, 

ESI†) and TEM-HRTEM (Fig. S4, ESI†). 

 

Fig. 2 XRD patterns of fresh catalysts (after calcination) 

 

 

Fig. 3 TEM and HRTEM images of reduced Catalysts 

A-B: Cu/SiO2[300-Air], C-D: Cu/SiO2-S[300-Air] 

The Cu/SiO2[300-Air] and Cu/SiO2-S[300-Air] were chosen to 

be pre-reduced at 300ºC by H2 for two hours, and then 

characterized by TEM and HRTEM(Fig.3). In the HRTEM image, 

Cu(111) planes with d-spacing of 0.208nm was identified, 

indicating the formation of metal Cu after reduction15. Obviously, 
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Cu particles in the Cu/SiO2[300-Air] sintered seriously (Fig. 3A), 

while the Cu agglomeration in the Cu/SiO2-S[300-Air] was 

hindered, producing smaller Cu particles, less than 8nm, and 

highly dispersed on the support (Fig. 3C). The above results were 

further supported by characterizations with XRD(Fig.S5, ESI†) 

and dissociative N2O adsorption (Table S1, ESI†). The used 

catalysts displayed similar XRD patterns (Fig.S5, ESI†) to those 

of reduced ones, but with increased intensities, indicating 

agglomeration of Cu metal during the reaction process. 

Considering the testing duration was 200h for Cu/SiO2-S[300-

Air], while only 4.4h for Cu/SiO2[300-Air], it could be inferred 

that the agglomeration rate of Cu was much slower for the former. 

The XRD patterns of both reduced and used catalysts (Fig.S5, 

ESI†) revealed a small portion of Cu2O phase, suggesting air 

oxidation of Cu at room temperature16. 

On the basis of above results, it was concluded that the high 

activity and good stability of Cu/SiO2-S[300-Air] catalyst 

correlate well with the highly dispersed small and stable copper 

metal particles, which results from the using of starch modified 

SiO2 as the support. 
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Fig. 4 TG-DTA curves of catalyst precursors 

A: TG   B: DTA 

In order to discuss the mechanism of starch modification, the 

precursors of catalysts (before calcination) were characterized by 

TG-DTA (Fig.4). The rate of weight loss was faster for 

Cu(NO3)2/SiO2-S than that of Cu(NO3)2/SiO2 and 

Cu(NO3)2/SiO2–S-500(Fig.4A). Simultaneously, the process was 

observed to be exothermic for Cu(NO3)2/SiO2-S, while 

endothermic for both Cu(NO3)2/SiO2 and Cu(NO3)2/SiO2-S-

500(Fig.4B). In the N2 atmosphere， the heat release with 

Cu(NO3)2/SiO2-S was ascribed to the redox reaction between the 

starch and Cu(NO3)2, which was con-firmed by formation of Cu 

as identified by XRD(Fig.2). When air was used as the 

calcination atmosphere, the heat release was stronger, which was 

attributed to the additional starch oxidation by air. Consequently, 

decomposition of Cu(NO3)2 started at lower temperatures with an 

accelerated rate, thus resulting in the formation of highly 

dispersed CuO on the support. 

In conclusion, using starch modified SiO2 as the support, an 

efficient supported copper based catalyst has been obtained. 

Characterization data demonstrate that highly dispersed copper 

species, CuO or Cu, exist as small particles, and their 

agglomeration and sintering is restrained, thus revealing high 

activity and stability during the catalytic reaction. The suggested 

mechanism of starch modification is that the Cu(NO3)2 

decomposition process is facilitated by the presence of starch in 

the support, and further study is going on in the author’s lab. The 

results strongly indicate that the property of support plays a 

crucial role in preparing an efficient catalyst, which pave a way 

for stabilizing usually unstable metal species such as copper by 

pre-modification of the support. 
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