
 The decomposition of tobacco in nitrogen atmosphere at temperatures lower than 300 ºC yields mainly  carbonyls, 
CO and some CO2, while in at temperatures above 300 ºC alkyl compounds are majority.

 In the presence of air carbonyls, CO and some CO2 are the main compounds at temperatures below 300 ºC. At 
higher temperatures CO2, H2O, CO and alkyl groups are major.

 The important peak emerging in the DTG curves at 450 ºC in the presence of air is due to the H2O (not shown), CO 
and CO2 evolution.

 The major effect of C and SBA-15 on tobacco seems to be in lowering the temperature of evolution of CO, carbonyl 
and alkyl groups, as well as, the amount evolved of these compounds in air atmosphere.
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Smoking is a complex physical-chemical process. The products evolved strongly depend on the temperature and the oxygen availability in the different zones
of the cigarette. Potassium citrate is widely used as a cigarette ingredient, acting as a moisturizing and surface-active agent for flavor application and
presenting the ability of reducing the amount of carbon monoxide and tar [1]. SBA-15 has been proposed as a catalysts also reducing the amounts of nicotine,
tar and carbon monoxide [2].

INTRODUCTION

Materials: 3R4F cigarettes from the Reference Cigarette Program of the University
of Kentucky and potassium citrate (CAS number 6100-05-6, purity >99.0%) provided
by Sigma-Aldrich were used.
The mixtures potassium citrate (C) and SBA-15 (S) were prepared at 50% w/w.
Potassium citrate and/or SBA-15 when mixed with tobacco (T) were around 15%
(w/w) each. Samples nomenclature is shown in Table 1.
Experimental equipment: TGA Metller Toledo thermobalance at heating rate of 35
oC/min under a gas (N2 or air) flow of 80 mL·min−1 (STP) connected to a Bruker
Tensor 27 FTIR spectrometer through a heated line (200 oC).
Catalyst: SBA-15 prepared in our laboratory [3] with pore size = 6,09 nm, BET area =
757 m2/g and total volume of pores = 1,06 cm3/g.

METODOLOGY

THERMOGRAVIMETRIC ANALYSIS IN NITROGEN AND AIR ATMOSPHERES
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EVOLUTION WITH THE TEMPERATURE OF THE ABSORBANCE OF SELECTED IR BANDS

Potassium citrate decomposition in nitrogen atmosphere present 3 main processes, those two at temperatures lower than 300 ºC leads to the
formation of CO2, while at higher temperatures alkyl, carbonyls and CO are mainly formed. In air the main product obtained is CO2 in all the temperature range. SBA-15 induces
important changes in the citrate decomposition. In nitrogen atmosphere the changes conduct to a major amount of carbonyls in the low temperature range, while in air the changes
induced by SBA-15 are reflected in a higher formation of carbonyls and CO2 in the high temperature range.

Tobacco pyrolysis at temperatures lower than 300ºC leads to the formation of carbonyls, CO and some CO2, while at higher temperatures alkyl groups
are majority. The presence of SBA-15 and citrate induce some shifts in the temperature and relative amount of these groups, but no changes in the family of compounds. In the
presence of air at low temperatures TG and IR patterns are quite similar to those in nitrogen atmosphere but at high temperatures the evolution of CO, CO2 and water become very
important. Both SBA-15 and citrate seem to reduce the yield of these compounds in air.

In the present work, the effect of SBA-15 zeolite catalyst on the qualitative composition of the gases evolved in the pyrolysis of tobacco and tobacco-citrate
mixtures was studied by TGA/FTIR, under N2 and air atmospheres. Three processes are observed in the thermal decomposition of potassium citrate in both
atmospheres, the first two at around 230 and 290 ºC and the third one at 511 ºC in N2 and at 436 in air. The addition of SBA-15 to potassium citrate produces
different and noticeable changes depending on the atmosphere used. Tobacco, tobacco+citrate and tobacco+citrate+SBA-15 samples present almost the same
weight loss processes, though their intensities decrease when adding the citrate and the catalyst in both atmospheres. The presence of SBA-15 produces a
separation of the last decomposition process into two processes in air. The evolution with the temperature of the more significant IR bands of the gases evolved
shows, as expected, important changes in the evolution of CO and CO2, when the decomposition is carried out in air atmosphere instead of nitrogen. Moreover,
and specialty in air, the ability of potassium citrate and SBA-15 to reduce the amount of CO and carbonyls evolved is shown.

ABSTRACT

Sample
% Tobacco 

3R4F

% potassium 
citrate 

monohydrate % SBA-15 Atmosphere 
CN 0 100 0 N2

CSN 0 50 50 N2

TN 100 0 0 N2

TCN 85 15 0 N2

TCSN 70 15 15 N2

CA 0 100 0 Air
CSA 0 50 50 Air
TA 100 0 0 Air

TCA 85 15 0 Air
TCSA 70 15 15 Air

Table 1. Samples composition and nomenclature

 Potassium citrate (C) in air and N2 atmospheres behaves quite similarly,
showing 3 different processes at 223-256, 290 and 436 ºC (in air) or 511 ºC (in
N2). In the case of N2 the loss of water is also appreciable at around 100 ºC.

 The pyrolysis of C is modified in the presence of SBA-15, leading to a marked
peak at 150ºC, and the two small peaks at 223 and 256 ºC seems to merge in a
single one at 230, suggesting that other reaction paths should be involved in
the presence of SBA-15. The intensity of the peak at 290 ºC markedly decreases
when adding SBA-15 in nitrogen.

 The effect of SBA-15 on the decomposition in air atmosphere of C is less
important, and the major change is in the shift of the process occurring at
436 ºC to 392 ºC, as well as in the reduction of the peak s at 223 and 256 ºC.
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CONCLUSIONS

 The well known processes involved in tobacco pyrolysis and oxidation are
shown in TA and TN curves: at 60 ºC - loss of moisture; 180 ºC - volatiles
evaporation; 270 ºC - pyrolysis of hemicellulose, pectine, etc; 323 ºC - pyrolysis
of cellulose and others; 450 ºC - pyrolysis of lignin and the residue from
previous steps; 670 ºC - pyrolysis of char and inorganic compounds.
In nitrogen the presence of C and S produce only small changes in the position

of the peaks at temperatures below 323 ºC, but SBA-15 produces a marked
reduction in the intensity of these peaks.
Comparing the DTG curves in air and nitrogen, there is a marked change at

450 ºC in air. The effect of SBA-15 is clearly seen once more by the reduction
in all the peaks intensities and by the splitting of the peak at 450 ºC in two
well differentiated peaks.

 CO2 and carbonyl are the major compounds obtained in the pyrolysis of potassium citrate at temperatures below 
300 ºC, while at temperatures higher than 400 ºC the main groups are carbonyl, ether and alcohols (not shown), CO 
and alkyl (CH3- vibrations are shown but other C-H bands show identical pattern).

 In the presence of air most carbon evolves as CO2, to the detriment of alkyl, carbonyl  groups, and CO.
 The DTG peak at 150 ºC in nitrogen in the presence of SBA-15 may be associated to the formation of carbonyl 

groups, while the peak at 511 ºC in the DTG of C may be due to the evolution of alkyls, CO and carbonyls. For the 
peaks observed in air at 436 and 392 ºC (with SBA-15) carbonyls and CO2 are the major compound. 
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