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Abstract

A molecular dynamic simulation study of n-heptane hydro conversion Received: 26 November 2022
over bifunctional Pt/MSU catalyst have been accomplished. Investigating Accepted: 26 April 2023
morphology and topology of catalyst structure, the performance of Page Number: 52-70

catalyst through diffusing feed as particles, passing through pores and
connecting channels have been analyzed. Furthermore, product
selectivity and other specific structural properties in the range of
573-723K and atmospheric pressure have been assessed from diffusion
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and kinetic point of view. The result of diffusion illustrates that the MSD Keywords:

of n-alkanes has incremental trend with temperature. Maximum MSD for Hydro Conversion,
monobranched (MB) and multibranched (MTB) isomers are 45000 and Morphology,
25000A7 respectively. Diffusion coefficient for MB, MTB and methane are Topology,

91.8, 54.3 and 457m°/s. From kinetic simulation, the feed conversion, Selectivity,
pairwise lateral interaction according to DFT calculation and Morse Diffusion,

potential function are achieved and the source of cracked and isomer
products have been specified.
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6. Bifunctional Sites
7. Morphology
8. Porous Media
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Figure 1. Reaction mechanism in proximity of bifunctional catalysts.
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Figure 2. Catalytic hydroconversion reactions.
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Figure 3. Overall reaction lattice of n-heptane kinetic modeling
over Pt-MSU catalyst.
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Figure S. Binding energy profile of Pt nanoparticle in term of
number of particles.
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Table 2. N-alkane and isomers diffusion coefficient over 0.6% Pt-
MSU catalyst.

Dyeir*10°
Feed O(m?fs)
573 58.7
N-heptane 623 o6
673 144.3
723 2113
573 32.9
623 67.45
Methyl hexane 673 91.8
723 38.8
573 18.7
Dimethyl 623 39.7
heptane 673 54.4
723 241
573 106.8
Butane o2 —
673 2453
723 338.1
573 152.0
623 199.6
Propane
673 298.8
723 415.7
573 197.1
623 239.5
Methane+Ethane 673 328.7
723 456.7

Oty H9aSl 9 3988yl 43 ju adbe SHleulad 5500 Jgua
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Table 3. Activation energy barrier to diffusion and pre
exponential factor over 0.6% Pt/MSU catalyst.

Activation

Do*107°(m?/
Energy(KJ/mol) 0 (mss)

N-heptane 0.422 39.97
Methyl-hexane 0.7915 13.26
Dimethyl pentane 0.9615 5.78
Butane 0.3814 76.07
Propane 0.3417 105.41
Methane+Ethane 0.283 143.09
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Figure 7. MSD-Timeprofile of n-heptane (573-723Kk).
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Figure 8. MSD-Time profile of methyl hexane (573-723Kk).
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Figure 9. MSD-Time profile of di-methyl pentane (573-723Kk).
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Figure 10. MSD-Time profile of butane (573-723Kk).
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Figure 11. MSD-Time profile of propane (573-723k).
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Figure 12. MSD-Time profile of methane+ethane (573-723Kk).
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Table 4. Comparison of different alkanes and isomers as a feed over catalyst.

Temp(K) DDself monobranch Dsell)f methane+ethane ll))self butane DDself propane
self multibranch self propane selfheptane self butane
573 1.75 1.30 1.80 1.40
623 1.75 1.20 1.70 1.20
673 1.68 1.10 1.70 1.20
723 1.60 1.10 1.60 1.20
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Table 5. Activation energy and pre-exponential factorfor adsorption, desorption, diffusion, rearrangement and cracking.

Phenomenon

N-heptane Adsorption
N-heptane Desorption
N-heptane Diffusion
Hydrogen adsorption
Conversion to MB
Conversion to MTB
MB Desorption
MTB Desorption
MB Cracking
Desorption of MB Cracking
MTB Cracking
Desorption of MTB Cracking

Exponential Activation
prefactor Energy(Kcal/mol)

1lel3 11.7
1lel3 13.2
2el13 13.2
1lel3 9.12
leld 16.1
lel4 16.5
1lel3 13.6
1lel3 14.9
leld 15.9
1lel3 12.7
leld 13.1
1lel3 12.7
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Figure 13. Velocity-Time profile of n-heptane to isomer and isomer to crack product.

Lo peg il Liis 3l ouciads S 15 &V game booe ol ol
Cudgdtme Cde b oudady ASLECST sl peg il .l aslinis
ks 5 A5 1) CencdBlS 5l 29,5 sl B ey e yiaS olid

w‘obs; ;,JLC Lﬂ&fosf‘ )| JQM u;‘ J.Jy

SLbaiz Gl eyl Lo aS eols (Las (V0) 5 (VF) sla S
5holid as ansls jogcdl SLSL Ojge 4 IS O game 4
ol a3 LE ST gl gl s ol sloasli (ass Wiy
L aslbaiz slajegnl 5l (a6 S5 OV game gds ()b
S5 OYgame YL o 3l Glis a5 eols & (5 b0 S
el a2 LB ST sl pog il 5l DY gazte lod Conday S> oS

Iranian Chemical Engineering Journal - Vol. 23 - No. 133 (2024)



4000000

3500000 % ® MTB Cracking
3000000  ® o @ ® Crack Desorption
> 2500000 ¢ @° L
S 2000000 @ @ o,
S 1500000 ® ©® o .,
1000000 (@ ® il
500000 M..:L
0
0 2 4 6 8
Time(ns)

Ole) iy S S &Y gans da dAldiain (5la yo g5l Jaual e g Juld g N U

Figure 14. Conversion velocity-Time profile of MTB to crack.

2500000
® MB cracking
2000000 o @ Crack desorption
()
£ 1500000 | @ @
3 1
> 1000000 e ® ‘ °
P [} [ J . °
500000 ® °
o ¢° ° o
0 ’. ® oo
0 2 4 6 8
Time(ns)

Ole)y il S S &Y gans dy AALDST (5La yo g 3al Juaad Cae peu Jali g g3 VO JSu

Figure 15. Conversion velocity-Time profile of MB to crack.
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Figure 16. Concentration-Time profile of isomers and crack.
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Figure 17. Concentration-Time profile of feed and products.
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Figure 18. Velocity-Time profile of transport phenomenon of n-heptane.
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Figure 19. Velocity-Time for desorption of products.
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