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Figure.S1 SEM images of (a-c) Fresh Cu-TiO; (d-e) and its corresponding EDS image and mapping of
(HTi, (g) O, and (h) Cu for fresh Cu-TiO; catalyst
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Figure.S2 SEM images of (a-c) spent Cu-TiO> (d) Elemental mapping of (e)Ti, (f) O, (g) Cu, (h) C, and
(i) its corresponding EDS image for spent Cu-TiO, catalyst
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Figure.S3 HRTEM analysis at 50 nm,50 nm and 100 nm resolution of the finely dispersed nanoparticles
and their size distribution in the fresh (a-b) TiO; (c-d) fresh and (e-f) spent Cu-TiO, catalyst,
respectively.
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Figure. S4 HRTEM analysis of TiO» and fresh & spent Cu-TiO, catalyst, indicating defective sites and
voids in lattice fringes that resulted in defects.



Figure S5. (a) HRTEM image (b) and its corresponding EDS image and (c) elemental mapping of (d) Ti,
and (e) O for fresh TiO; catalyst

Figure S6. (a) HRTEM image (b) and its corresponding EDS image and (c-d & f) elemental mapping of
(e) Cu, (g) Ti, and (h) O for fresh Cu-TiO> catalyst



Figure S7. (a) HRTEM image (b) and its corresponding EDS image and (c-d) elemental mapping of (e)
0, (f) Ti, (g) C, and (h) Cu for spent Cu-TiO; catalyst
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Figure S8. N, adsorption-desorption isotherm with Pore size distribution of (a) fresh and (b) spent Cu-
TiO; catalysts.
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Figure S9. (a) FTIR spectra for fresh and spent [Cu-TiO:] catalysts, (b) H>-TPR spectra for fresh [Cu-
Ti0;] catalysts.
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Figure S10. Thermogravimetric analysis profile of (a) fresh and spent Cu-TiO> catalyst was recovered after
Sh time-on-stream (b) TGA profile of Cu-TiO, and Pt-TiO, Spent catalyst was recovered after 24h time-
on-stream.
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Figure S11. XPS high-resolution scans of (a) Ti 2p, (b) Cu 2p, (c) C 1s and, (d) Ols electrons of

fresh (down) and spent(up) [Cu-TiO:] catalysts.
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Figure S12. TOS data of the [Pt

reaction temperature, 375 °C; GHSV-4000 h™!

conditions: Wt. of catalyst-0.25 g (pelletized);
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Figure S13. DFT optimized geometry for adsorbates and TS during the propane dehydrogenation
to propylene, showing the (a — c¢) 1st dehydrogenation and (d -f) 2nd dehydrogenation.

Table S1 Summary of performance of different catalysts for dehydrogenation of Propane to
Propylene.

S1. Catalyst Propane Selectivity (%) Propylene Total Production
No Conv. Yield  Olefin Rate of
(%) CHs GHe CHi  GCsHs Cs- Yield Propylene
(x107
mmol.g
! min)
1 Pt/AL,O3 407 352 034 559 88.94 1.61 3.62 3.91 7.93
2 Pt-Sn/AlLO3 1.57 219 0.1 434 89.81 3.56 1.41 1.53 7.01
3 Ti-/ALLO3 235 472 131 8.12 84.61 1.24 1.99 2.21 7.55
4 Cu/ALLOs 275 375 0.17 834 83.78 3.96 2.30 2.64 7.47
5 Pt/MnO> 1.18 10.37 0.87 19.44 64.19 5.13 0.76 1.05 5.73
6 Cu/MnO, 1.03  8.66 059 21.64 6284 6.27 0.65 0.93 5.61
7 Pt/ZrO; 198 754 041 1435 56.84 20.86 1.13 1.82 5.07
8 Cu/ZrO, 337 9.5 171 185 5141 19.23 1.73 3.00 4.59
9 Pt/TiO, 559 3,59 0.68 594 84.13 5.66 4.70 5.35 7.50
10 Cu/TiOs 529 085 0.19 194 9597 1.05 5.08 5.23 8.56

11 Cu/CeOs 353 1347 1.58 21.53 58.64 4.78 2.07 2.83 5.23



Condition: catalyst wt.-0.25 g (pallet form); GHSV- 6000 h!; reaction temp.-350°C; N,:C;Hs- 4:1; reaction
time-5 hours. The relative standard deviation (RSD) is +3%.

Table S2 Summary of performance of different catalysts for dehydrogenation of Propane to
Propylene

Sl.  Catalyst Propane Selectivity (%) Propylene Total Olefin Production
No Conv. Yield  Yield  tateof
CH,4 C2Hs C,H,4 CsHs  Css Propylene
(%) x107 mmol.g
I.min™)
1 TiO; 5.21 1.83 0.38 3.95 9236 148 4.81 5.02 8.24
2 Cu/TiOz 8.39 0.66 0.13 1.27 96.65 1.29 8.11 8.22 8.62

Condition: catalyst wt.-0.25 g (pallet form); GHSV- 4000 h!; reaction temp.-350°C; N»:Cs;Hs- 6:1; reaction

time-5 hours. The relative standard deviation (RSD) is +3%.

Elementary steps taken for DFT study

DFT study was used to understand the propane dehydrogenation (PDH) and possible coking and
lights products like CH+/CH2CHa. The following surface mechanism with elementary reaction steps
for PDH, coke formation and lights formation as given below,

R1. CH;CH;CH3; — CH3CH,CH; + H (PDH_stepl)

R2. CH;CH,;CH; — CH3CHCH: + H (PDH_ step2)

R3. CH;CHCH; — CH3;CHCH + H (coke formation)

R4. CH3;CH,CH,; — CH3CH;,+ CH, (CH4+/CH,CH; formation)

Mass Transfer Calculations for PDH Reaction with Cu/Tio2 Catalyst

Weisz-Prater Criterion for Internal Diffusion (Elements of Chemical Reaction Engineering, Fogler 5
edition)

—7rr R2 .
If Cyp = TAD(OAPC < 1, then internal mass transfer effects can be neglected.

e“Ps

The parameters were determined using the provided formulas. Another option for calculating the internal
mass transfer limitation is by performing a theoretical analysis after conducting a preliminary kinetic



modeling study, as mentioned in Oyama et al.'s report (reference 21). To estimate the internal mass transfer,
the calculation was based on the Weisz-Prater criterion, expressed as follows:

C _ _7”’14(obs)pcR2
wp DeCps

The provided parameters were determined through various calculations:

The reaction rate r/{(obs) in (kmol.kg™'.s™"), dependent on total conversion, reactant flow rate, and catalyst

weight, was obtained from kinetic modeling calculations.

The density p, (kg.m™) of the solid catalyst was experimentally determined by suspending the pelletized

catalyst in water.
The average particle radius of the catalyst R (m) was calculated from HR-TEM images.

The effective gas-phase diffusivity D, (m”.s™) for the propane-nitrogen system was appropriately estimated
using the Lennard-Jones expression forces and kinetic theory.

Cps (kmol.m™) represents the gas concentration of propane (P) at the catalyst surface (s) per unit time.
The detailed calculations for each parameter are provided in the supporting information as follows.
Based on the value of Cyp:

If Cy p K1, the internal mass transfer limitation can be neglected.

If Cyp> 1, the diffusion behavior significantly affects the overall reaction conversion.

Rate calculation:

- _ XciHg FeyHg
A(obs) —
Wcat.

X¢,n, = 0.0879
Fe,n, = 7.5 %1077 kmol.s™*
Weq = 2.5 % 10~* kg

XC3H8'FC3H8

Tatobs) = = 2.746 x 10™* kmol.kg™'.s7*
cat.

Solid catalyst density calculation:
wt of catalyst 0.89

volume displaced by catalyst - 03

Pe = g.ml 1 =296x103 kg.m™3

Average particle radius calculation:
Average particle radius of the catalyst was measured from the HR-TEM images of the catalyst.
R=11x10""m




Effective gas-phase diffusivity calculation:

1 1
A.T3/2 +
Mpropane Mnitrogen

D, =

p.Ofn. QL
atm.A2.cm?, 9/
A= 1859107 !
K3/2s
T=623K
Mprupane = 44, Mnitrugen =28
Opn = mepanezani"og % = 4.11 A ; Average collision diameter (Gpropane = 4.77 A; Guitrogen = 3.45 A)

Q ~ 1 ; collision integral (dimensionless)
D, =139 %x10"*m?.s71

Gas concentration of Propane (P) at the catalyst surface (s) calculation:
Con = 0.045 moles 3
Ps = " 0.068ml
surface in per unit time.

= 0.66 moles.ml™! = 11 kmol.m~3; molecules of propane interacting at the catalyst

Table.S3 Calculated parameters for the Weisz-Prater criterion

Parameters Value
~T4(obs) 2.746 x 10~* kmol. kg™.s™1
i 2.96 X 103 kg.m™3
R 11x107°m
D,* 139 x 107*m2.s71
Cps 11 kmol.m™3

* Mole-average diffusivity of propane in propane -nitrogen feed mixture

Cyp Calclulation:
o ~7"4(0bs)PcR? (2746 X 107*) X (2.96 x 10%) X (11 x 107°)?
we D,Cps (1.39 x 10~%) x 11
Cwp = 6418 x 1071* « 1

The value of the Cyp was calculate as 6.418 x 10~1* which was significantly less than 1. Hence, the
internal mass transfer limitations can be eliminated.

Mears criterion

_ ~7"4(obs)R? _ (2746 x 1071 x (11 x 107%)? =217 %x 10"V
D,Cpg (1.39x107%) x 11 |




KINETICS STUDY

The effect of temperature on the reaction rates and product formation over Cu-TiO, was investigated at
relatively low temperature 350-400 °C using appropriate W:F ratios to obtain low conversions (<50%).
The experimental data was collected after Sh to ensure that a steady state was reached, and stable

performance was achieved.

Rate Equations: The numerical values of the conversion, rate and partial pressures are given in the
following table. The readings were taken for three temperatures (350, 375 and 400 °C) at varying flow

rate of N2 and C3Hs.
1) T=350°C Wea=0.25¢g
Propane flow rate | Nitrogen gas flow | Partial pressure Conversion of Rate of propane
(ml/min) rate (ml/min) of propane (atm) | Propane (Xc3mus) consumption
(Re3ms) in mol/g.s
5.55 11.11 0.332197 4.89 0.034875502
33 133 0.198124 7.31 0.030999161
2.38 14.28 0.142342 8.39 0.025660052
2) T=375°C Weai=025¢g
Propane flow rate | Nitrogen gas | Partial pressure of Conversion of Rate of propane
(ml/min) flow rate propane (atm) Propane (Xc3ns) consumption
(mL/min) (Rc3ms) in mol/g.s
5.55 11.11 0.331482 6.72 0.047784
33 133 0.197613 8.91 0.037784
2.38 14.28 0.141948 11.4 0.034866
3) T=400 °C Weai=0.25 g
Propane flow rate | Nitrogen gas | Partial pressure of Conversion of Rate of propane
(ml/min) flow rate propane (atm) Propane (Xc3ns) consumption
(mL/min) (Resms) in mol/g.s
5.55 11.11 0.331398 9.28 0.066185
33 133 0.197552 12.56 0.053263
2.38 14.28 0.141902 14.26 0.043613

Various rate equations are determined and tested for the reaction.



A. First of all, power law rate equation is assumed.

Resus = k(pesns)™ Equ.......oooinia, (a)

In this equation, R is the rate of propane consumption, pcsns is the partial pressure of propane and k, m are
the constants to be determined.

To determine the constants k and m, a graph between In R (y axis) and In p (x axis) is plotted having R as
dependent variable and p as independent variable. The graph gives the linear line with slope m and
intercept as In k.

Graphs for the three different temperatures have been shown in Fig. 1 a, b, c.
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Fig 1 ¢) T=400°C

From these graphs k and m values have been determined and written in the tabular form as follows:

Temperature (°C) | Value of m parameter | k value (umol/g.s.atm) | Rate expression for Propane
350 0.35027876 0.052224001 R=0.052224*p"0.35027876
375 0.37887895 0.071819396 R=0.071819*p"0.378879
400 0.48543688 0.114217165 R=0.114217*p"0.485437

The catalyst used in this reaction is heterogeneous catalyst. Hence for developing the kinetic equation, we
should consider the three steps adsorption, surface reaction and desorption by neglecting the diffusion
processes.

Consider the reaction 2P<E+H

Where P= propane, E for Propylene and H for Hydrogen

Now we have to propose the mechanism for the reaction. We may consider the following steps occurring
throughout the reaction neglecting the internal and external diffusions.

CsHs + S < C3Hs.S (Adsorption step)

C3Hs.S +S < C3H7.S + H.S  (Surface reaction steps)

C:H7.8 +S < C3He.S + H.S

C3He.S < C3Hs + S (Desorption step)

2H.S < H, + 28

Here S represents the vacant site and C3Hs.S, C3H7.S, CsHe.S and H.S represents that the respective
species have occupied the site.

.P

AS AI).S
This figure represents the vacant site and the occupied sites respectively.
For developing the kinetic equation consider one by one the three steps as the rate limiting step. The

slowest step in the reaction is considered as rate limiting step because the whole reaction is governed by
that step as other steps are considered to be fast. After the assumption one equation is developed and then




that equation is matched with the experimental results.
B) Adsorption as rate limiting step

First consider adsorption as the rate limiting step having the main reaction as

C3H8 +S & C3H8.S

Let ki and k_; be the rate constants for the forward (adsorption) and backward (desorption) reactions. Then
rate of propane adsorption is given by r4 = k4. S,,. Pc3yg and methanol desorption is 71 = k_1.S¢3ps.s
where Sy and Scsns.s are the concentrations of the vacant sites and the occupied sites respectively.

Combining these two equations we get the net rate of adsorption as Ry = k;.Sy.Prayg — k—1.Sc3pss

. . . Kk_1.C
Solving this equation, we get R4 = kq (SV. Peapg — %)
1

S
RA = kl (SU'PC3H8 —%ASS) ...................................... (A)

where Ka =ki/k.; and is known as equilibrium constant. This equation is also known as Langmuir
adsorption isotherm.

Now surface reaction and desorption steps are very fast so consider their rates to be zero.

Surface reaction is C3Hs.S + S < C3H7.S + H.S and let k; and k-, be the rate constants for forward and

k—z-SC3H7.5-5H.5)

baCkWard reactions. Then RSl = kz.chH&SsS - k—Z'SC3H7.S'SH.S or kz (SC3HSSS - K
2

RS]. = kz (SC3H8.SSS - %) Where KSI = kz/k.z

Putting Rs;=0 and solving we get Sc3pgs = % ....................... (D)
S1-28S

Similarly, for the second surface reaction step

C:H7.8 +S < C3He.S + H.S

let ks and k.3 be the rate constants for forward and backward reactions. Then

k_3.8 S
Rsz = k3.Sc3n7.5Ss — k-3.Scane.s-Sus or k3(Scamz.sSs — %)
S S
RSZ = k3 (SC3H7.SSS — %) Where KSZ = k3/k.3
Putting Rs,=0 and solving we get Sc3y7s = w ....................... (2)
5298

Consider the desorption reaction CsHe.S <= CsHg + S and let k4 and k.4 be the rate constants for forward
and backward reactions. Then similarly
Rp1 = k4.Scanes — k-4-Pc3ne-Ss

Rp1 =ky (SC3H6.S - PCZ,IZSS)W}ICTC Kp = ka/k4

Putting Rpz = 0, We et Srah6.s = —iireeeerreerreeceeesreeevee v 3)

Similarly for the second desorption reaction 2H.S << H, + 2S and let ks and k.s be the rate constants for
forward and backward reactions. Then similarly

RDZ = ks.SH.SZ - k_s.PHz.SSZ

Rn, =k 2 PupSs® _
p2 = ks-(Sus™ — Kpy Ywhere Kps = ks/k s

Putting Rp ~ 0, we get Sy ¢ = /Zﬂ S oo (4)
D2

Total site balance can be written as
St = Sy + Scanzs + Scanes + Sus + Ss
Replacing each of the above values from equations (1), (2), (3) and (4) we get

S .S S .S Pcape- S P
S, = C3H7.5 OH.S | OC3H6S'OH.S | TC3H6OS | ﬂ-Ss + S,
Ks1.Ss Ks2.Ss Kp1 Kp2




_ PC3H6-SH.52-SS PC3H6-PH21/2-SS PC3H6 SS Py
Se = 2 + 1/2 SS + Ss
Ks1.55".Ks2-Kp1  Ksz.Kpo -KDl

3
S = Pc3ne- Prz-Ss PC3H6-PH21/2-SS PC3H6 Ss PHZ S+
¢ =\ Kor Kpg Koy Kpp 1/2 Ky, S TS
s1-Kp2-Ks2.Kp1 K¢y Kpyy .Km D

2
P .P P P P P
S, = ( C3H6 FH2 ) C3H6- 722 c3He | |THZ 4 S
Ks1.Kpz- Ksz-Kpq K. KDZ Km Kp,

St

S Sy 2 Prape.Syc.Sc Prane.S ’P
St — C3H7.5*“H.S + C3H6*“H.S S+ C3H6 S+ KHZ SS+SS
D2

( Peape- Puz )+ Peape- Puz 1/2 PC3H6+
Ks1.Kp2-Ks2- Kp1 KSZ.KDZUZ.KD1 Kp1

:E°
NN
+
—_

Substituting equations (5) and (1) in equation (A), we get

PC3H6- PHZ-SS
R, =k (S .P - )
4 TSI K K Kep Ky

_ kl'St Peane: Puz
fa = 1/2 \Feams ~ gk Kea K
Pcsne- Pra + Peape- Puz + PC3H6+ PH2+1 S1-HD2-18§2-AD1
Kei.Kpy. Koy K 1/2 K K
s1-8p2-Bs2-Bp1/ Koo Ky ™' “. Kpq D1 D2

Considering Pc3y¢ and Py, as zero for initial kinetics,

Ry = kiS¢ Peaps

Ry, = K;.Pg3yg where Ki= k. S;

Using this equation, we can plot between Rate and partial pressure of propane at different temperatures to
find the value of k.

Graphs at these temperatures are given below.

0.04
0.035 y=0.0449x +

003 .............. R2-¢:-0898
0.025 -

c  0.02
0.015
0.01
0.005

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Fig 2 a) T=350 °C



0.06
0.05
0.04
o 0.03
0.02
0.01

0.08
0.07
0.06
0.05
o 0.04
0.03
0.02
0.01

Fig 2 ¢) T=400°C

y =0.0694x + 0.0246

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Fig 2 b) T=375°C

y=0.115x+0.0286

0.05 0.1 0.15 0.2 0.25 0.3 0.35

From these graphs the evaluated k values are represented in table as follows:

Temperature (°C) Value of k (umol/g.s.atm) Rate equation
350 0.044933325 R=0.0442*p
375 0.06936238 R=0.1876*p
400 0.114966586 R=0.3111%p

C) Surface Reaction 1 as rate limiting step

Consider the surface reaction as C;Hg.S + S < C;H7.S + H.S
Then Rgy = k3.Sc3nss — k—2-Scanzs-Sus

1
Or Rs1 =k, (SC3H8.S - K_Sl-SC3H7.S-SH.S)

From adsorption step,
Sc3Hs.S
Ka

Pe3pgSs =




Scans.s = Ka-SsPc3us

Pcshe Prz'/?
S =Sg—————
C3H8.S S KiS‘ZéKDZ-KDl
o g P
H.S S KD21/2 )
_ 2 _ C3H6 Py, 2
Therefore, Rgy = k; (KA-SS Pesns = 10,77 Ss )
From total sites,
PC?:H6'PH21/2 PC3H6'SS PHZ
S = KA'PC3H8'SS+SS ; Ss+SS
t KSZ'KDZ'KD]. KD]_ KDZ
PC3H6'PH21/2 PC3H6 PHZ
St= KA'PC3H8+ - + + +1 'SS
KSZ'KDZ'KDl KD]_ KDZ

K,.S,?

<K p C3H6 Py )

7\ Ka-Peswe — ————— 373

K. P +PC3H6.-PH21/2 +PC3H6+ ,PHz 1 Ks2Kp1Kp»
A"TC3H8 T Koy Kpy.Kp1 * Kpq Kp,

Rgy =

Considering Pg3p6 and Py, as zero for initial kinetics,

K,.S5¢2K4.P k.K4.P
RSl = 2=t A (3H8 £ A C3H28 OR RSl = A CSHE 2 Where k: Kz.Stz
(Ka-Pc3ngt1) (Ka.Pc3ngt1)

Parameters k and Ky of these equations are estimated by non-linear regression analysis minimizing the
sum of the squared differences of calculated and experimental CH, reforming rates using the Levenberg—
Marquardt algorithm provided in the computer software POLYMATH 5.1 environment.

Polymath results for all three temperatures are given below:

Temperature (°C) | k (umol?/g?.s) Ka (1/atm) Rate equation

2.20326. P,
350 0.1436872 2.20326 Rg; = 0.1436872 C3H82
(K4 Pc3pg + 1)
1.917504.P
375 0.198852 1.917504 Rg; = 0.198852 C3H§
(K4.Pcsps + 1)

400 0.2948139 1.560042 1.560042. P,
Rg; = 0.2948139 o
(K4-Pespg + 1)

D) Surface Reaction 2 as rate limiting step

Consider the surface reaction as C3H7.S + S < C3H.S + H.S
Then R, = k3.Sc3n7.5Ss — k—3-Scanes-Sus

Or RSZ = k3 (SC3H7.SSS - KLSZ SC3H6.S'SH.S) Where Ksz = k}/k.}

From adsorption step,

_ Sc3H7.S5- SHS _ ScsH7.S P/
KAPC3HSSS - -

Ks1Ss Ks1 Kpp/?
S _ Kp2'/?K4.SsPcans
C3H7.S — PH21/2
_ Pc3pHe
SC3H6.S - SS

Kp1



1/2

S =S PHZ
HS — 9§ 1/2
D2
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It is obvious from the experimental data that this equation does not fits to the reaction kinetics.
E) C;Hs DESORPTION as rate limiting step

Consider the desorption reaction as CsHe.S << CsHg + S
Then RDl = k4. SC3H6 - k_4. PC3H6'SS

Or RDI = k4_ (SC3H7.S - Kim . PC3H6'SS) Where KD] = k4/k_4
From adsorption step,
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It is obvious from the experimental data that this equation does not fits to the reaction kinetics.
F) H, DESORPTION as rate limiting step

Consider the desorption reaction as 2H.S < H, + 2S

Then RDZ = k5.SH2 - k_5. PHZ' SSZ

OrRDZ = ks (SHZZ _L.PHz.Ssz) Where KDzsz/k.S
Kp2

From adsorption step,

Scang = KaPcspsg-Ss

Sc3H7.s- SHS _
- KA'SS.PC3H8
Kg1.Ss 5
SC3H6.S' SH.S = K,.S< P
— D495 1 C3H8

Ks1.Kgy. Ss*
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Kp1.Ks1-Ks2 ,
2 _ 2 Fc3Hs
C3H6
Kj.Ks1.Ksy.Kpq.P P
Therefore, Rp, = k5.552.( A—SL 52 D1 C3H8—£)
Pc3ne Kp2

It is obvious from the experimental data that this equation does not fits to the reaction kinetics.
Using these expressions Reaicuiaica have been evaluated and are tabulated with Ropserved as follows:

Robserved Realeutated (Power Realcutated (Adsorption Realeutated (Surface
law rate equation) | as rate limiting step) | reaction as rate limiting)
0.025660052 0.026381545 0.006395834 0.02611434
0.030999161 0.029621185 0.008902323 0.030394758
0.034865864 0.034276739 0.009845831 0.033442231
0.034875502 0.035499747 0.014926613 0.035061115
0.037784203 0.038854241 0.013706816 0.039627897
0.043612914 0.044266469 0.016314069 0.043749837
0.04778443 0.04726633 0.02299228 0.047245724
0.05326258 0.051979125 0.022712016 0.053091497
0.066185001 0.066817607 0.038099849 0.066231715

The graphs between the calculated and observed values are shown in the figures.
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It is clear from the graph that adsorption reaction rate limiting step is the best fit mechanism for the
dehydrogenation of propane. Also, it is heterogeneous reaction, hence adsorption reaction limiting model
is superior to power law rate equation (generally used for homogeneous catalyst).

ACTIVATION ENERGY

Activation energy for the Propane dehydrogenation process is found by using the Arrhenius equation.
-E

k = ko eﬁ

A plot between In k and 1/T is plotted having the slope —E/R and intercept as In ko

Activation energies have been evaluated for the power law rate equation, adsorption as rate limiting and

surface reaction as rate limiting steps. Their graphs and tables are shown below:
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Table.S3 Derived Activation energy and Arrhenius constant

Rate Expression Activation energy Arrhenius constant
Re. — k.K4.Pc3ys 50.04147 KJ/mole 2216.398
17 (Kp. Peang + 1)
Ry = K;.Pc3ys 65.42903 KJ/mole 13488.96
Resus = k(pesns)™ 54.42437 KJ/mole 1853.641

From these three equations the graph fitted to the experimental data is adsorption rate limiting step. Hence
by using the Arrhenius plot of the surface reaction rate limiting mechanism the activation energy for the
reaction is found to be 50.04147 KJ/mole.



