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1. Summary  

 In this study, inorganic mesoporous 

MCM-4l was synthesized by hydrothermal 

synthesis and functionalized by both alkaline 

and transition metal groups. The structures of 

the obtained dual functional MCM-41 were 

characterized by XRD, elemental analysis, 

thermographimetry (TG) and nitrogen 

adsorption at -196℃. The results showed that 

the aminopropyltriethoxysilane (APS) and 

transition metal ion modified MCM-41 had 

been successfully synthesised, meanwhile, 

the modified MCM-41 retained hexagonal 

structure and high specific surface area with 

good thermal stability at 180℃. A model 

reactor was used to evaluate the HCN 

removing ability from cigarette smoke and 

optimize the preparation conditions of the 

material. When alkaline functional reagent 

dosage was 4 mL APS/(g MCM-41) following 

modification by transition metal ion Zn2+, the 

corresponding material Zn2+/c-APS/ MCM-41 

was found to be the most effective for 

reducing HCN in cigarette smoke. The material 

was applied in cigarettes by means of dual 

filter. Compared with the control cigarette, the 

HCN delivery of the testing cigarettes was 

selectively reduced by 31.2%, while the 

deliveries of tar, nicotine, CO, B[a]P, NNK, NH3, 

crotonaldehyde and phenol changed little. The 

hazard index  was reduced by 0.4.The overall 

sensory quality and aroma style of the test 

cigarettes were almost similar to those of the 

control. The results indicated that the dual 

functional mesoporous MCM-41 containing 

both alkaline and transition metal groups was 

a promising filter additive for removing HCN 

from cigarette smoke. 

2.Preparation of the dual 

functional mesoporous MCM-41   

 First, MCM-41 was prepared by 

hydrothermal synthesis method[1] . Then 

the MCM-41 was added into anhydrous 

toluene with APS, the mixture was stirred 

20h under 80 ℃,  the product with alkaline 

group was purified by filtration, washing 

and drying[2,3] . Finally, the product was 

treated by transition metal nitrates in 

H2O/DMF solution (V/V=2:1) with stirring 

8h under room temperature,  after  

washing and drying, the dual functional 

mesoporous MCM-41 was obtained. 

3. Results and discussion 

3.1 Optimization of the preparation 

conditions and structural characterization 

 In this study, the APS amount and 

transition metal ion were optimized. The 

structure was characterized by XRD 

(Fig.1), elemental analysis (Table1), 

thermographimetry (Fig.2) and nitrogen 

adsorption at -196℃ (Table2). The results 

showed that the APS and transition metal 

ion modified MCM-41 had been 

successfully synthesised, meanwhile, the 

modified MCM-41 retained hexagonal 

structure and high specific surface area 

with good thermal stability at 180℃.  
Table 1. Optimization of the APS amount   
 

 

 

 

 

 

 

 

Table 2. Optimization of the transition metal ion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 XRD chromatograms of MCM-41 and dual 

functional MCM-41 

 

 

 

 

 

 

 

 
Fig.2 Thermographimetry of MCM-41 and  

functional MCM-41 

3.2 Cigarette application 

 The samples with different APS 

amounts and transition metals were 

evaluated the HCN removing ability by a 

model reactor, the results showed that the 

Zn2+/c-APS/ MCM-41 with 4 mL APS/(g MCM-

41) dosage was found to be the most 

effective, so we selected this material to 

make test cigarette by means of dual-filter 

with 20mg/cig dosage. Compared with the 

control cigarette, the HCN delivery of the 

Sample 
APS  amount 

 （mL/1g MCM-41） 
C（%） N（%） C/N 

amine group 
 （mmol·g-1） 

MCM-41 0 0.883 0 / 0 

a-APS/MCM-41 1 10.51 3.4 3.09 2.43 

b-APS/MCM-41 2 11.28 3.64 3.10 2.60 

c-APS/MCM-41 4 10.97 3.66 3.00 2.61 

Sample 
SBET 

 
（m2/g） 

Average pore diameter 
 

（nm） 

Pore volume 
 

（cm3/g） 
MCM-41 1027.4 2.79 0.643 

Cu2+/c-APS/MCM-41 354.5 2.05 0.182 

Zn2+/c-APS/MCM-41 628.5 2.05 0.322 

Fe3+/c-APS/MCM-41 95.1 2.26 0.054 

Co2+/c-APS-MCM-41 485.8 2.00 0.243 

a: MCM-41 

b: a-APS/MCM-41 

c: b-APS/MCM-41 

d: c-APS/MCM-41 

a:c-APS/MCM-41 

b:Zn2+/c-APS/MCM-

41 

c:Cu2+/c-APS/MCM-

41 

d:Co2+/c-APS/MCM-

41 

e:Fe3+/c-APS/MCM-

41 

of the testing cigarettes was selectively 

reduced by 31.2%, while the deliveries of 

tar, nicotine, CO, B[a]P, NNK, NH3, 

crotonaldehyde and phenol changed little 

(Table3). The overall sensory quality and 

aroma style of the test cigarettes were 

almost similar to those of the control.  
Table 3. The 7 harmful components in MCS 

 

 

 

 

 

 

 

 

Samples CO 

(mg/cig) 

HCN 

(mg/cig) 

NNK 

(ng/cig) 

NH3 

(mg/cig) 

B[a]P                   

(ng/cig)  

Phenol                 

(mg/cig)  

Croton- 

aldehyde  

(mg/cig) 

H* 

Control 

cigarettes 
11.0 107.8 4.4 8.2 7.7 10.7 21.1 8.2 

Testing 

cigarettes 
11.4 79.1 4.6 7.7 7.4 10.4 19.7 7.8 

Removal 
efficiency -3.5% 26.6% -5.1% 6.4% 3.7% 2.9% 6.5% 6.4% 

Selective  
removal 

efficiency 
1.2% 31.2% -0.5% 11.0% 8.4% 7.5% 11.1% 9.9% 

4. Conclusions  

 In summary, we had developed a dual 

functional mesoporous MCM-41 contain-

ing alkaline and transition metal groups, 

cigarette application tests showed that the 

material was a promising filter additive for 

removing HCN from cigarette smoke. 
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