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Abstract—Porous materials with high specific surface areas 

was prepared by a combined method of microwave drying 

carbonization and activation processes, in which castor 

rhizome was used as carbon source, and KOH was used as 

activator, respectively.  The porous material was added to the 

cigarette filters and the adsorption performance of the filter 

composited porous material was studied. The results showed 

that: the material had the specific surface areas and 

mesoporous proportion as high as 2079.25m2 /g and 79.10%, 

respectively. The material was activated carbon material with 

multi-porous structure. Compared with the control cigarettes, 

the filter composited porous materials could reduce the tar and 

seven hazardous substances of cigarette mainstream smoke, 

which decreased by 12.71%, 8.79%, 21.59%, 3.90%, 3.85%, 

19.17%, 3.80% and 29.75%, respectively. 

Keywords-castor rhizome; porous materials; cigarette filte; 

adsorption; sensory quality 

I INTRODUCTION 

With the problems of smoking and health becoming 
prominent increasingly and the awareness of health increases, 
low risk cigarettes become development trend in the field of 
tobacco. In the process of developing low toxic cigarette, 
blending reconstituted tobacco sheet, blending expanded 
tobacco and expanded stem are usually used. The methods of 
reducing tar and hazardous materials are to reduce the harm 
of silk, filter rod drilling, ventilation and dilution, adding 
adsorbent material in filter rod, and applying high permeable 
cigarette paper. 

Adding adsorption material to the filter is a kind of 
effective method, which made a lot of researchers study the 
adsorption material of tobacco industry in recent years. The 
reported adsorption materials such as activated carbon, 
zeolite, sepiolite, zeolite, silica gel, has a good effect on 
reducing hazardous materials, which  influence the cigarette 
style and the sensory quality [1-4]. 

In order to improve the affects of adsorption materials on 
the cigarette, the researchers transferred adsorbed materials 

to the environmental friendly natural perfume plants, and its 
crushing of granular materials, which was applied to the 
cigarette filters and prepared to a certain size[5-7]. The 
application of porous materials in cigarette filters was 
researched, although degree of aroma enhancing effect, but 
the effect of hazardous materials reducing was not obvious. 

Currently, the study of single plant material is mainly 
concentrated in the characteristics, and for the formulation 
and study the specific modification of porous material. has 
good adsorption effect. The castor rhizome was used as 
carbon source, and KOH was used as activator, respectively, 
which the application in cigarettes was studied furtherly. The 
porous material has wide source of raw materials, low cost, 
simple preparation process, a selective adsorption and 
filtration of cigarette smoke. 

II MATERIALS AND METHODS 

Tow (2.7/35000 specification, 3.9/31000 specification, 
3.0/35000 specification), cut tobacco of Yunnan China 
Tobacco Industry company; porous material, homemade; 
Mill (TQ-2000Y), Yongkang Yunda mechanical equipment 
factory; standard sample sieve (40,60), Shanghai special 
equipment; fluidized bed (Mini Glatt type), Germany Glatt 
company; tube furnace (GSL-1600X), Shanghai Precision 
Instrument; desktop (QUANTA-TA200 type scanning 
electron microscope), America FEI; specific surface area and 
pore size analyzer (NOVA2200e), the United States 
Contador instrument company; infrared spectrometer 
(Bruker TENSOR27), the German company Brook; filter rod 
forming machine (KDF-2E type), Shenyang aircraft 
manufacturing company; filter rod forming machine (KDF-2 
type), Shenyang aircraft manufacturing company; composite 
molding machine (JK3D type) Shenyang aircraft 
manufacturing company; channel rotary smoking machine 
(type HBRM/CS20), the German Borgwaldt Technik 
company; gas chromatography (Trace-2000), the United 
States Agilent; gas chromatography (HP6890), the United 
States. Jielun; mass spectrometry detector (HP5793), the 
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Agilent in the United States. Extraction equipment, 
homemade. 

The castor rhizome was crushed and sprayed in a 
fluidized bed. The prepared material was irregular granular 
particles. The particles was then placed in a tube furnace 
(GSL-1600X, Ningbo Opple Instrument, China) and heated 
at a rate of 5~20°C /min until 350°C for 30 min under 
nitrogen atmosphere. The particle was cleaned by deionized 
water until the pH of the washing fluid reach to neutral. Then 
the particles was heat treated under vacuum at 90°C for 
4h.KOH and the particles was put in tube furnace according 
to the quality of 4:1, which was heated for 15 min at 600°C 
under nitrogen atmosphere. And the porous materials was 
filtered and washed with HCl solution (mass fraction, 
10%).And then it was cleaned by deionized water until the 
pH of the washing fluid reach to neutral. Finally, the 
resulting porous materials was dried at 110°C to a constant 
mass, filtered with a 850 μm screen, placed in polyethylene 
bags and stored in a dryer. 

Cigarette filters were prepared as follows: 60 ± 1 mg of 
the carbon granules were weighed into the cavity of a 
cigarette filter of a 24.6mm circumference cigarette, made up 
of a 56mm long cigarette rod containing a Virginia-style 
tobacco blend (tobacco rod density of 255 mg cm–3 at a 
moisture content of 13%) and a 27mm length three part 
cavity filter (10 mm cellulose acetate at the rod end, 4mm 
cavity and 13 mm cellulose acetate at the mouth end). 
Triacetin is used as a plasticizer on cellulose acetate filter 
sections and loadings of 10% and 6% by weight for the end 
and rod end segments, respectively. Cigarette filters were all 
unventilated (i.e. noair vent holes are made to allow influx of 
air during puffing). A standard 50 CU permeability cigarette 
paper was used throughout [where 1 CU is the flow of air 
(cm3/minute) passing through 1 cm2 surface of the test piece 
at a measuring pressure of 1.00 KPa]. As a control, cigarettes 
of the same dimensions and composition were also prepared 
with an empty 4mm filter cavity section. To mimic 
manufacturing conditions, the cigarettes were conditioned at 
22 °C and 60% relative humidity for 3 weeks following the 
inclusion of carbon in the cigarette filter and then smoke 
dunder ISO smoking conditions (one 35ml volume puff of 
2second duration taken every minute)(International 
Organisation for Standardization 1991; Thomsen 1992). 

The surface morphologie of the samples were examined 
by field emission scanning electron microscopy (QUANTA-
TA200, FEI, USA).The pore properties of the samples were 
estimated by nitrogen adsorption-desorption isotherms at 77 
K using the specific surface areas and pore-size analyzer 
(NOVA2200e, Quanta chrome, USA).The Multipoint 
Brunauer–Emmett–Teller (BET) equation was used to 
calculate specific surface area of the samples. The total pore 
volume was acquired from the adsorptive amount of nitrogen 
at P/P0= 0.98.Organic functional groups were characterized 
by Fourier transformation infrared analysis (Bruker 
TENSOR27, BRUKER, Germany).According to GB5606.4-
2005[8], sensory evaluation was evaluated by professional 
assessment staffs. Standard Test Method for determination of 
nicotine, tar and CO content in cigarette smoke: 
determination of total particulate matter and tar in 

GB/T19609-2004 cigarette by routine analysis with cigarette 
smoking machine [9].Standard method for the determination 
of mainstream cigarette smoke: cigarette mainstream smoke 
in GB5606.5-2005 [10]. Mainstream cigarette smoke of low 
molecular aldehydes and ketones, hydrocyanic acid, 
polycyclic aromatic hydrocarbons and ammonia ion 
detection according to YC/T 253-2008, YC/T 254-2008 and 
GB/T 130-2007[11-13]. 

III RESULTS AND DISCUSSIONS 

A. Microscopic Morphology 

The SEM images analysis results of unmodified 
carbonized porous materials (a) and he modified porous 
materials (b). The results show that the surface is rough, and 
the shape of the strip shape is irregular. From figure 3(b) it 
can be seen that the surface exhibits a large number of holes 
and pores after modifying treatment. The pore distribution is 
disordered and irregular, and the holes connected to each 
other to form a network. The reason for the results is that 
chemical reactions occur between the materials and KOH 
during the thermal treatment. From Fig.1, the surface 
morphology of the material changes significantly and obtains 
a lot of cavities and pores by modifying treatment, which 
obviously increases the specific surface area. Greater specific 
surface areas are generally correlated with better adsorption 
performance. Therefore, the structure of the samples is better 
for adsorption. When the aerosol flows through the flue gas, 
the retention probability of the aerosol particles is increased 
by the morphology structure, which can prolong and 
interfere the movement time and trajectory of aerosol 
particles, so as to obtain higher adsorption and interception 
efficiency. 

 

 
Figure 1. SEM images of unmodified carbonized porous materials (a) and 

the modified porous materials (b). 
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B. Pore Structure 

The Brunauer-Emmett-Teller test was carried out on the 
samples and the results are shown inTable3.The results show 
that the specific surface and the pores volumes (Vtotal) of 
the materials significantly increased to2079.25m²/g and 0.68 
cm3/g , respectively. The mesoporous proportion is as high 
as 79.10%.This dramatic increase in surface areas and pore 
volumes are as a result of the chemical reactions occurring 
between NaOH and the materials. The reactions are given 
below: 

6KOH+2C       2K+3H2+2K2CO3 

2C+K2CO3           2K+3CO 
The pore-size distribution was investigated and the 

results are shown in Fig.2. It can be seen that the pore size is 
mainly concentrated in the range of 5.7~11 nm, which 
indicates that the pore structure is mainly based on the larger 
mesoporous structure and has certain smaller microporous 
structure [14-16]. In addition, some studies have shown that 
the pore size of aporous material determines the specific 
surface areas and pore volumes of the material, which affects 
its adsorption capacity [17]. The smaller pore size is better 
for adsorption , but very small pore sizes can be blocked by 
the adsorbate. Therefore, the pore size of the porous 
materials is suitable for adsorbate channels, with capillary 
condensation under certain pressures, which is better for the 
adsorption of large molecules. 

0 10 20 30 40 50 60
-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

 

 

d
v
/d

lo
g
D

/c
m

3
/g

diameter/nm

 
Figure 2. Pore size distribution of porous materials. 

C. Surface Functional Groups 

The FTIR spectrograms of unmodified and modified 
porous materials were shown in Fig.5. Special functional 
groups corresponding to the absorption position were 
analyzed according to the literatures [18,19]. In the FTIR 
analysis, the strong peak near 3418.13cm−1 is attributed to 
the hybrid stretching vibration of O-H and N-H, and the peak 
near 2923.08cm−1 is probably the peak of CH2 and CH3.  
The strong peak near 1637.03 cm−1 is the N-H stretching 
vibration of the primary amine, the strong peak near 
1032.58cm−1 is the absorption band of the C-O-C 
symmetric and asymmetric stretching vibrations and the O-H 
unbalanced surface rocking vibration of the carboxyl group 
molecular aggregates, and the peak near 606.05 cm−1 is the 
absorption band of SO42−. According to the above analysis, 
the material has many functional groups, such as hydroxyl, 

amine, and carboxyl groups and non-carbon elements. These 
kinds of functional groups could result in improving polar, 
hydrophilic, catalytic performance and changing the surface 
charge, which can enhance the interaction between the 
adsorbent and adsorbate. Thus, the porous material will have 
a better adsorption capacity [20]. 

 
Figure 3. IR spectra of unmodified and modified porous materials. 

The FTIR spectrograms of unmodified and modified 
porous materials were compared. The spectrograms were 
roughly similar regardless of treatment condition, but the 
intensity of each stretching vibration peak significantly 
changed after modification, which indicates that 
modification can increase the functional groups of –OH and 
–CH. It shows that the material has a certain pro organic. 

D. Flue Gas Analysis of Composite Filter with Porous 

Material 

Table 1 shows the results of conventional flue gas 
analysis. The total particulate matter decreased by 1.64 mg/ 
(11.68%), tar decreased by 1.49 mg/ (12.79%), CO 
decreased by 1.12 mg/ (8.78%), and nicotine did not change 
obvious comparing with the control samples. Adding porous 
materials to the filter can reduce the total particulate matter, 
tar and CO of main stream cigarette smoke. According to the 
analysis, the abundant pores and net structures of the porous 
materials could result in increasing a large number of 
specific surface areas and pore volumes, which increased the 
probability of retention of aerosols. At the same time ,the 
porous materials possess many functional groups, such as 
hydroxyl,  amine, and carboxyl groups, which can enhance 
the interaction between the adsorbent and adsorbate. While, 
the existence form of nicotine is the same as the particle 
phase, but the good volatile make it easy to be washed by 
fresh flue gas. Thus, the filter effect on nicotine is not very 
obvious. 

E. Effect of Porous Material Composite Filter on Seven 

Harmful Substances 

Table 2 was the test results of tobacco harmful 
composition. It indicates that the seven harmful ingredients 
in the cigarette with porous materials decreased in different 
degrees compared with the control sample, in which CO 
decreased by 8.78%, B (a) P decreased by 21.61%, NNK 
decreased by 3.91%, crotonaldehyde decreased by 3.82%, 
HCN decreased by 3.90%, phenol decreased 29.79%. 
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TABLE I.  GENERAL INDEXES OF CIGARETTE 

sample 

total 

particulate 

matter /mg/ 
branch 

tar 

/mg/ branch 

smoking 

nicotine/mg/ 

branch 

CO 

/mg/ branch 

moisture content 

/mg/ branch 

contral 

cigarette 
14.04 11.65 1.09 12.75 1.3 

Test 

cigarette 
12.4 10.16 1.06 11.63 1.2 

Change 

rate% 
11.68 12.79 2.75 8.78 7.69 

Note: The values of the content are the average values from three duplicate tests. 

TABLE II.  DETECTION RESULTS OF HARMFUL COMPONENTS 

Sample 

CO 

/mg/ 

branch 

B(a)P 

/ng/ 

branch 

NNK 

/ng/ 

branch 

crotonald

ehyde 

/µg/ 

branch 

HCN 

/µg/ 

branch 

NH3 

/µg/ 

branch 

Phenol 

/µg/ 

branch 

contral 

cigarette 
12.75 9.3 2.56 17.8 115.7 5.9 19.2 

test cigarette 11.63 7.29 2.46 17.12 94.33 5.67 13.48 

change rate% 8.78 21.61 3.91 3.82 18.47 3.90 29.79 

Note: The values of the content are the average values from three duplicate tests. 

 

Comparing with the ordinary fiber filter, the reduction 
effect of phenol, HCN (hydrocyanic acid) and B (a) P (benzo 
(a) pyrene) in the composite filter rod adding porous 
materials is obvious, which is because the porous material 
modified by NaOH treatment, although the distilled water 
washing on the surface, but the residual and porous materials 
still showed weak alkaline, so the reduction effect of acidic 
harmful substances is obvious. 

F. Sensory Evaluation of Cigarette 

Compared with control cigarettes, the sensory score of 
the cigarettes adding the porous materials increased 1.3 
points, which results in that the sensory quality of cigarettes 
has been significantly improved, while maintaining the 
overall style of the same cigarette aroma, more abundant, 
smoke concentration increases, the irritation reduces, and the 
aftertaste improves. 

IV CONCLUSIONS 

(1) The porous material was activated carbon with multi-
porous structure, whcih possesses the specific surface areas 
and mesoporous proportion as high as 2079.25 m2 /g and 
79.10%, respectively.  

(2) The porous materials possess many functional groups, 
such as hydroxyl, amine, and carboxyl groups, which can 
enhance the adsorption capacity. 

(3) Compared with the control cigarettes, the filter 
composited porous materials could reduce the tar and seven 
hazardous substances of cigarette mainstream smoke, which 

decreased by 12.71%, 8.79%, 21.59%, 3.90%, 3.85%, 
19.17%, 3.80% and 29.75%, respectively. 

 (3) Compared with the conventional filter, the filter 
composited porous materials could enrich the smoke, 
enhance the smoke concentration, reduce the irritation and 
improve the aftertaste. 
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