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A New Mathematics Model of the Temperature
Programmed Analysis Technology

JIN Hao", LIU Jie', ZHU Hui-hong*, SUN Su-hua®, YANG Guang, WANG Gang®,
Y1 Xiao-dong?, FANG Wei-ping?
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2. State Key Laboratory for Physical Chemistry of the Solid Surfaces, Engineering Laboratory for Green Chemical Productions of
Alcohols, Ethers and Esters, College of Chemistry and Chemical Engineering, Xiamen University, Fujian Xiamen 361005, China)

Abstract: Based on the surface effect including surface adsorption/desorption and intrinsic kinetics rate equation, a
new mathematical model of the temperature programmed analysis technology was proposed. This model is different
from the classical TPAT theory models, which indicates much more coincidence with the actual reactions than other
models. TPAT (TPD, TPR and TPO) experiments were designed and carried out to receive their profiles. Based on
these profiles of TPAT and the simulated experiments, the novel theory model was designed and the thermodynamics
parameters (such as activation energy,etc.) were deduced and calculated by this model. The results show that this
model has excellent simulation with the actual experiments, and the average relative errors are easily controlled less
than 1%.
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Table 1 Calculation Parameters of H,-TPD profiles
a, k, a, E, E /(ki-mol”) ARD,%
fil Peakl 1.893 4 37.3851 7.9459 6.6 14.988 0.18
10.
’ Peak2 -9.562 6 56.763 4 18.404 4 10.6 24.072 0.44
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Table 2 Calculation Parameters of H,-TPR profiles
a, k, a, E, E /(ki-mol”) ARD,%
- Peakl -146.797 8 575.096 9 195.627 9 9.7 22.028 0.55
Fig.
Peak2 -7.7328 32.0427 12,576 1 11.4 25.889 0.07
2 2 3
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Table 3 Calculation Parameters of O,-TPO profiles
a, k, a, E, E /(kimol) ARD,%
3 Peakl 0.2276 104.446 7 18.600 0 6.6 14.99 0.27
Fig.
Peak2 -2.3319 61.2425 15.013 5 8.7 19.76 0.97
3 3 gasoline hydrogenation over Pd-promoted Ni/SiO.~AlO; catalysts[J].
27 Fuel, 2007, 86(15): 2262-2274.
o 4 . TPD [9]. , 1985, 6(2):
0.75% 179-182.
220 5
14.99 kJ/mol 299.6 M on te Carlo : bl
, 1996, 17(1): 72-75.
350
6 , , . [3].
19.76 kJ/mol 785.9 , 2006, 57(2): 258-262.
7  Bhatia S, Beltramini J, Do D D. Temperature programmed analysis and
4 its applications in catalytic systems[J]. Catalysis Today, 1990, 7(3):
309-438.
/ 8 Znak L, Zielin  ski J. Effects of support on hydrogen
TPAT adsorption/desorption on nickel[J]. Applied Catalysis A: General, 2008,
334(1-2): 268-276.
TPAT a-2) o
9 Zheng J, Guo M, Song C S. Characterization of Pd catalysts supported on
USY zeolites with different SiO./Al.Os ratios for the hydrogenation of
TPAT naphthalene in the presence of benzothiophene[J]. Fuel Processing
Technology, 2008, 89(4): 467-474.
10  Infantes-Molina A, Mé&rida-Robles J, Rodr T guez-CastellGn E, et
1 Guo Y, Sakurai M, Kameyama H. Temperature programmed al. Effect of molybdenum and tungsten on Co/MSU as hydrogenation
desorption/surface-reaction study of an anodic alumina supported Ag catalysts[J]. Journal of Catalysis, 2006, 240(2): 258-267.
catalyst for selective catalytic reduction of nitric oxide with propene[J]. 11  Boskovic G, Putanov P, Foettinger K, et al. Activation of Mo-based
Applied Catalysis B: Environmental, 2008, 79(4): 382-393. catalyst for paraffins isomerization[J]. Applied Catalysis A: General,
2  Dias C R, Zavoianua R, Portela M F. Study of the acid-base properties 2007, 317(2): 175-182.
of SiO.-supported NiMoO. catalysts by temperature-programmed 12 Sundaramurthy V, Dalai A K, Adjaye J. The effect of phosphorus on
desorption: effect of the support[J]. Reaction Kinetics and Catalysis hydrotreating property of NiMo/y/-AlQ; nitride catalyst[J]. Applied
Letters, 2002, 77(2): 317-324. Catalysis A: General, 2008, 335(2): 204-210.
3 Castano P, Pawelec B, Fierro J L G, et al. Enhancement of pyrolysis



