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Abstract : Currently, researches on recycling and reuse of waste energetic materials have recently gained a great attention from
advanced countries due to ever tightening environmental regulations. In this study, as a part of a recycling technology, the
experiments and dynamic simulation of simulated moving bed (SMB) process were performed to efficiently separate TNT and
RDX from their mixture, which are main components of ammunition. In order to determine the operation zone of SMB process,
the retention times of TNT and RDX were measured using HPLC at different flow rates and the adsorption equilibrium of each
component was obtained by using a moment method. According to the adsorption equilibrium and the triangle theory of SMB
process, four operation points were determined and separation experiments were carried out by the SMB process using the solvent
consisting of acetonitrile and water. Two different mixing ratios (6:4 and 1:1) of acetonitrile and water were chosen for the
experiment due to the great impact of mixing ratio of the solvent on separation. The performance of SMB process was evaluated
by purity, recovery, productivity and solvent consumption. Pure TNT and RDX were successfully obtained from the SMB process
and the dynamic simulation for the SMB process agreed well with the experimental results. Therefore, the dynamic model could
be applied for predicting the dynamic behavior of the SMB process and designing a large scale SMB process.
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Figure 1. Schematic of SMB (2-2-2-2).

Table 1. Design parameters of SMB system

Diameter of column [cm] 0.78

Length of column [cm] 25

Particle density [g cm'3] 0.4

Particle porosity [-] 0.52

Adsorbent Silica based Cis

Adsorbent size [mm] 0.30 ~0.45

Table 2. Physical properties of TNT and RDX

TNT RDX
Crystal density (g cm” ) 1.6 1.8
Detonation velocity (m s 6,640 8,950
Detonation pressure (Kbar) 210 350
Temperature of Detonation (K) 2,740 2,000 ~ 4,000
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Figure 2. Experimental procedure for the recovery of TNT and
RDX mixture.
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Table 3. Basis for dynamic simulation

SMB configuration 2-2-2-2

N (number of plate) 800
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Figure 3. Adsorption equilibrium constant for TNT and RDX: (a) solvent (ACN:water = 6:4) and (b) solvent (ACN:water = 1:1).
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Table 4. Performance Index for the case of (ACN: water = 6:4)

Operating|  Purity Recovery | Eluent consum- |Productivity
mode (%] (%] ption[Lg'] | [gL'hr']

TNT|RDX |TNT |[RDX| TNT | RDX |TNT|RDX
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Table 5. Performance Index for the case of (ACN: water = 1:1)

Operating|  Purity Recovery | Eluent consum- |Productivity
mode [%] (%] ption[Lg'l | [gL'hr']

TNT|RDX |TNT |[RDX| TNT | RDX |TNT|RDX
No.5 | 100|964 964|100 | 16.6 | 188.4 |1.05| 0.09
No.6 |100| 100 | 100 | 100 | 18.1 | 200.5 |0.81 | 0.07
No.7 |99.6| 100 | 100 | 99.4| 14.2 | 256.8 |1.06| 0.1

No.8 | 100|654 |652]99.8| 21.8 | 166.5 [0.79| 0.05
No.9 [100| 100 | 100 | 100 | 17.9 | 170.3 |0.92]| 0.08
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Figure 6. Purity variation of TNT and RDX with cycle number based on simulation: (a) TNT and (b) RDX.
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Figure 7. Productivity variation of TNT and RDX with cycle number based on simulation: (a) TNT and (b) RDX.
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Nomenclature

o Concentration of component I in zone j, g L'

Cir,Cir Average extract and raffinate product
concentrations, g L'
D Column diameter, cm

H Henry constant, -

K Adsorption equilibrium constant, -

10.

11.

12.

13.

14.

15.

16.

Neornn - Number of columns of the SMB system
Q/‘ Flow rate, mL min”'

01> Ops Or Op Desorbent, extract, feed and raffinate flow
rates, mL min™

& Porosity, -

H Interstitial velocity, m s

10 A retention time, sec

€ e interparticle Porosity, -

Ep intraparticle Porosity, -

€t total Porosity, -

P o Particle density, g m”
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