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Computational Chemistry Study of Hydrocarbon Adsorption on

Surface Using Z eolites and Aging of Explosive Chargesin PMDs

Kyung Min Kim

Department of Chemical Engineering, the Graduate School,

Pukyong National University

Abstract

Computational chemistry assist the understanding of the molecular structures
of chemical compounds and various reaction and it is gradually getting
expanded, such as improving the performance of enzymes and catalysts or
discovering new candidate substances. It hasbecome an important research area
itself today. In this study, we investigate the adsorption characteristics on surface
of ZSM -5 and OM S-2 zeolite, and analyze the aging characteristics of explosive

chargesin PMDs.



1) Adsorption on surface of ZSM -5 zeolite

Hydrocarbon emissions are gradually elevated worldwide and there are
extensive studies to remove hydrocarbons in the exhaust gas. In this study, we
aimed to develop adsorbents providing efficient adsorption of hydrocarbons
during the cold-emission period at HC trap using zeolites with exchanged
cations. Zeolites with exchanged cations such aslanthanum (La) potassium (K),
and dlver (Ag) are thusused because of their hydrothermal stability to the zeolite
structure and avoiding the dealumination which is detrimental to the
performance of HC traps. As a result, it is supported that the result of the

experiments for binding energy of propylene and toluene.

2) Aging of explosive charges in PM Ds

Pyrotechnic mechanical devices (PMDs) convert the explosive power of the
explosive chargesinto mechanical force to ignite the serial explosion of the bomb
or rocket. The pre—oxidation of metal constituents in pyrotechnic mechanical
devices (PMDys) is by the exposure to extra oxygen sources is the key of aging
mechanism of explosive charges. To support the experimental results, molecular
modeling calculations using the vacuum slab model were employed and the
energy of oxygen diffusion from the surface into the bulk were obtained. As a
result, we found that THPP is highly robust to the aging among three explosive

charges.
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Figure 2. Principle of exhaust gas purifier.



2.2. ZSM -5 zeolite
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Figure 4. The largest pore of the 3—-dimenstional ZSM -5 structure (left) and the extracted highly
symmetric cluster representing the largest pore (right).

-12 -



(c) K=ZSM -5 cluster (d) Ag-ZSM -5 cluster

Figure 5. Cation—exchanged zeolites based on DFT-optimized cluster structures.
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AEb = E (Adsorption complex) — E (H-ZSM -5 cluster) — E (Toluene)

Adsorption complex H-ZSM -5 cluster Toluene

Figure 6. The binding energy calculation for the toluene adsorption in H-ZSM -5.
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Table 1. Structural stability analysis of zeolites.

H-ZSM -5 La-ZSM -5 K-ZSM -5 Ag-ZSM -5
Al-0O1 bond length (A) 1.87 1.77 1.76 1.76
O1-Al-0O2 angle (° ) 95.54 93.13 96.97 95.56

- 16 -




Table 2. Binding energy of cation exchange zeolite and hydrocarbon.

Adsorption Energy
Z eolite (kcal/mol)
Propylene n-Butane Toluene
H-ZSM-5 -11.75 -4.26 -7.01
La-ZSM -5 —9). &5} -1.83 -6.13
K-ZSM -5 -4.76 =2.33 -7.97
Ag-ZSM -5 =20.30 -3.87 -13.26
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(b) Toluene on H-ZSM -5

(c) Propylene on La-ZSM -5 (d) Toluene on La-ZSM -5

Figure 7. Geometrically optimized molecular structures of adsorption

complexes.
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Table 3. Sclectivity of propylene and toluene adsorption on zeolites.

Adsorption Energy

Propylene B =1La>K

Toluene K = H>La

=21 -




Table 4. Selectivity of cation—exchanged zeolites for propylene and

toluene adsorption.

Adsorption Energy
SV #5 P>T
La-ZSM-5 P>T
K-ZSM -5 T>P
Ag-ZSM -5 BT

=22 -
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2.1.2 ZPP (Zirconium potassium perchlorate)
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B= 10.0786 A
C= 129431 A

A= 6.51984 A A= 6.25931 A
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C= 875510 A C= 875510 A

Number of Atoms Number of Atoms Number of Atoms
Zirconium : 16 Titanium @ 13 Boron : 96
@ Oxygen : 1 Hydrogen : 21 @ Oxygen: 1
‘ Oxygen : 1
(a) Zirconium (b) Titanium hydride (c) Boron

Figure 8. Constructed vacuum slab systems (side view) and their dimensions.
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Table 5. Activation energy for the oxygen penetration in to the inside of bulk.

Zr TiH, B
12k At
ool Aa e -9875 -9922 -10244
22} AA -9860 -9896 -10243
3 Ak AA -9839 -9791 -10217
4 2} AA -9846 -9410 -10144
52 Al -9869 -9489 -10136
6 2 Al
e e -9876 -9607 -10168
7 ZF AR -9801 -9199 -10102

-32 -

Unit: kcal/mol
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