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Research subject: Alkene demand, particularly for ethylene and pro-
pylene, is currently increasing rapidly and is expected to continue to do
so in the future. Alkanes (paraffins) are popular because chemical raw
materials are inexpensive and plentiful, which is why many studies have
been conducted to find a suitable alternative method for producing light
olefins. To produce propylene, a CuBTC organic metal framework based
on a manganese catalyst was used in this study.

Research approach: Inoculation was used to load manganese metal ox-
ide onto the CuBTC basis. To identify and characterize the synthesized
catalysts, XRD, FTIR, EDX, SEM, and BET analyses were utilized. In the
oxidative dehydrogenation process of propane, the central composite
experimental design was also used to investigate the basic factors such
as reactor temperature, manganese metal oxide load, and propane to
oxygen ratio, as well as the interaction of these parameters with one an-
other, to produce propylene. As a result, the experimental design com-
prised input variables such as manganese oxide load of 1-5 percent by
weight of manganese, reactor temperature of 180-240 °C, and propane
to oxygen ratio of 1-3.

Main results: After that, it is shown that the projected models for pro-
pane conversion, propylene selectivity, and oxidative dehydrogenation
efficiency percentage are about 95 percent based on reactor testing and
evaluation of the Design-Expert software results. It was possible to im-
prove the efficiency of the oxidation dehydration process by 4.9 percent
by using a conversion percentage of 28.38 percent, a selectivity of 18.14
percent at 278 degrees Celsius, and a metal oxide loading of 3.74 per-
cent, and a propane to oxygen ratio of 1.5 percent. When laboratory data
were compared to predicted data, the correlation coefficient was 93% in
favor of the laboratory data.

*To whom correspondence should be addressed:

towfighi@modares.ac.ir



omb bod (b1 (3185 (359 0 w3l 3 (5 jlwdingd 9 5 0T (53w e
CuBTC JT 53 w92 51> 41l » 50 553015 31 03liiul b g 2

G Tg5y095 ez T lylo Jdei phsr gl Lo, )5 (5T dere pe
P

ul)ﬁa—uu)dnuf;;oli.wb‘ ;a.ua”‘s.uwos)f ;o.l.C— [WLOV-) 9.AGY
4l o i o oS8l o iarih 05,5 (53l T

5 sl 05 g 4y (L yall) l_nus.ﬂ Gl Lolay 09 ,—al 15—l & gdgo
polims ol a5 39, e Lt g Cl il A g) S g
aJgl olg—e y09— gl 8 g ol Jdo 4 (Lo yndl)b) Loy ST .osS o,
005 oy = ool ldlas Jdo e a i (g olond
= 95 Al ply—s 4 CUBTC (T (6508 wsz)lz 5l (—tmgly S
Odon g jebiedr (lygn (aalST (losee e aalB s S o

] 00 ool
9y 4= CUBTC a4l 59, = 750 6518 ST ()OS ) 1 Gmdiznd (09
S5 a 85 o, o BET g XRD. FTIR. EDX. SEM (sl y9051 3l oo jiiw
st s—ateds 635 0 S pe bgy amy Ghmlojl bl izmen
S8 ST )BT JL i )5Sy Bl slws jodas  —wlul sl o5
05 Ly U iably ml Jlie 30 5 oS e gy o 5 S
et osliiwl lygp (ialeST (lo0e,0ee ail B s g w0
GeSe (59 o0 V= 0 edgaote [0 iKie muST (5105 L e ol b
o lgn o g o5 il a0 VYA o5l o ST, S sl
3yly Lol ==l an (699,5 sl e (lge 4 V- oogume jo hS]
el Jloisn 129 5 55551, slpgzasl el 5l oy ool s U5
so—sslpin g,lal slaJoe (ilej] >1b 5 8la 5 5l soelee s a
aulBenila g s md i S o) (i ao )0 sl JiSle i la g
3,8 B a0l 0y WX o8 S0l B L —aollST ls505e,000
FIA a—in Jlade Lo —aoluST lo5059,00 ol )8 oo5ly (o5l waiyge
a2 ,0 YVA lows o YVANY (6,0d i3S oo 0 JAYA Jous oo
OhemnSTas g Cad g 0o YIVE (6518 0 ST (6 lA 5 L ol 5 il
AVZ oas (i 0010 g B iulejl ools oy o 8o a S 8,5 sl V/0

LSt (21050559,000

CuBTC

gl (b

HEA P Ly PLowes s
towfighi@modares.ac.ir



5 5—b sl Jds a0l .l oo oolai il
S HEE 9 555 3Bl ajg) o o5y o
25l il lsie a3 slaosz
(MOFs) I o3ls Lozl oS o oolin |
GRSl asazg L as s b 1o, 0lgs
a5 JSite Sl 5 ) s b S Oy o
T laslE Ly as avn gloa sgs Ly o516
1) gomd Ly 50 oSy sl bl L wloass Salon
Sabes Lo yorly 5l slaegorme ;Lo ] aas S
Slmogz o st s ol Sy L LG
oyl sl lS Sl s 5t JLs o Ts3ls
(50 i dhal IS il S o Lag]
amly ol 4z gh ()9« Sbpian ) (Sl gl
=S5 Seals sla o3 U VY] aslos S o> 595
slocsz)lr (Sl Slcgdge (50 B4 pamis
e 555l s JLsd slacalo ool g3l
5 ST g v 6590 (T3 sl o
DS o S (5,55dbS e Jlb ay T slanisy s
Sl T3 sl b s mddlasl [1Y]
ol ) 38l baome g ojlail (69) o i S
DS o0 ol |y 5 A5 iyt S Bl g oS o
4o Gizmen 45 CUBTC (o5l gl o o2l 5o
gy laol jo wei oo sl HKUST-1 55 ols—e
59—=IBL Gly—e a5 at (3155 (e 4 Chui
ooli ol slian 5 Slss o3 (sl ol o Sanl
el )0 Loy SHAD e by 09— o0
s BTC clavise 5l ieS] Js-SUse Loz Ly HKUST-1
i oo Salon s wil ;4o a8 O slaJsSse
sleos adsl (Saalon 0,5 0 Ol Lo sSse ;5>
San 4S5 el oal iaile ol a e s
(D) e sladiss (59, Solen B sl el
Df] ol e
(Response Surface Methodology) m—wly zhaw (59,
ool 38 5l slaegaze (RSM (g )Laisl & jg 0 4y Ly
W 7S sleJae colu Sl o5 slsl, g
ssbate ay (99555 gl yite o iy iolel 1 o
—laST (185059,008 ahld edjln (g5l waty
S5l aoys il 5 S e LS L s
Lol b b g ST am (Lo p Comad =50
S=3le s bawgs (CCD) (555 0 S 3o (—=>1)b (B9,
olados .ab plsdl Design Expert Version 13.0.5.0
056 S Lol wdsi sl (s e
s eyl g Ay ol Lol ol 4§ &g o
= e 595 lb (69) (—talaST (050500 )
=50 Gaeegh ol o Cwl saii 4 sJllas CuBTC asly
I8 ez g s 99— (bl Loy Jolie

w0399 9l B ssleange 5 bl ileJae

doddo

o il oy as (Ll Ly SIT (ol Lol
39y LBl g Sl Gialdl an ) S an by
as (Lapdlb) Lag sl oS o, pylos jolboas 4 S
s oot gl lsa 35 Ol 5 o)
5 omeIsST rlapsmly o sk 1wl 55
Gt 45 g 05 (sl 5 S Sl ST
Ok (e pbios Cgmime (cor—dgyh
9 [T SEL VW B oo).'l._wf )5_.'04.) ‘U—l“)s)" )‘ od—dassLus
LagS ol o 2B ilo;] il g Bl gunin ¢4y 2
I¥lss—i o soliul 5,005 sk g
(o—bmgn —Jy sl Lol Lo Lo g,
=0 Gl Ly SIS A ly e
ol L 05 o)Ll (655 Bl SwS1,S 5 (655U
Sy by 650 a5l s 4 La s,y ol (s
Oo—mad 9 Y Slhles 4 iie o0gd amgr OB Jla e
Sl cmlie 30l a5 (o ol oo
W LIS s u > b Iv] Ayl Loy o Jo
po—e Jds e lagn (—mlaST (mlojngs ae
595 Oyt 035 [l )5 9 (Seelindge § Sm3gaca
e oo n vy Gl Rl 5 00 lganl
oSy slls igy ol a5 bl 51 [F] et ons
DB aS pg o sl by dmr S (S (55,51 4
‘LDU‘J_..MS‘ \)9_‘>5 ‘U_" — 03>'l_c .Q)L) )l_..u KU )JQ
u,.._alf ‘) 0390 g 56._.5‘5 ul_>).‘> ) u).._“Sl ke
a2 oo Al ]y 595U e Jobo ool jobas 4
o 5l i ileST L i, ol o Jls ol L o]
| o‘)_o.b (HV‘O 9 COX) Lrul} UYW a U_L"’ﬁf
P9 Smd S all A ey S anganaS
$59 7 b Ll 8 59 sl L5 5B 5l (6 )l
orgn 4o Olagn Jmas (BT (lo505e 000
PEECIONP BPSPET g £ IR PCEIR S R VS
L sloo 8 ol adsy e (o3 sloauST,
A L alaid S )1, 8 ST LT (105055 000
Il oS i 1) b a3 5 Jois Ol
Odsdgae ST g (8] oslily ;o (e L yg51S
—ialeST (o5, s s e ba [ -]
S5 aST pizren oot a8 5 5 s g
o b G glay ST il s 4y 5 S
sl 33 0l oo oglae uluST slasae pixen
ol e I aal st slaas) b 6l cwlio
,TiOY ,MgO, NbVOa Loz iz slaaly 3ol

—ialaST ldse5e,0me anld o g SIOALO.

VY ooh - oo (oo 2, o gy (sl kb s (SApg (ool aolidad



O TR LS CH [ By WOCOP SR Y S W KW

Sl jo 0l ools g dglancd Al o dw (Vi) S
Ol Sl jataieds ou 00l s gl 4g3—JULS
ol F gilw a0V slos g el VY Cusay
ab ool I, 3,5 slya o) J=so

P 58 ST (5,185, 9 3L

SV UL CONU -3 W g PR W1 R g SC- N4
Celw VY oo ay CuBTC o5 JUIS a by o) 5 als
yobaieds S5 51,0 8,8 ilow a3 YO+ slws ,o g
S O 90 (39 Smo ) A A gl L Lo 0 000 I, 3
lie 9B Al Jlade 5 5K (558 9uST ]
& g gimmsl a i Ly 4] Loz Ol 538 S
S ool ey 5l e 50 a8ll 03985090 o 4
‘°5‘>)L)9_’ u] d_v 00— 005}J| (_ngSw.’ J_Alf J)l_?u‘
Oly0 4z 4295 L CUBTC oo 555U slaaly
Al oals o)’l_‘_>| PRt a_slsl J5_L>u A l"‘)] ral)—| )l_..;
Al o ol o ol ol ) ilw a0 0 sl
9 )5,4:..)...»@ .‘a_..uy )l_g d_w On.\_A—‘ Cwd 4o ‘_gl_m‘_b.lm
slos g el VY Gae 4 g oad Al yhaie I L
091 50 b Sas je Lo a sy ol F s a >0 VY-
(Calcination) LSS gl ey jo o ools I, 8
s el peam o YO sl g el VY a4y
‘_;‘Lﬁ)j).JlJlS a.s—’)ﬁ d—o 0 g C;‘)Loa.ol Pl_a B eals
el 00 oals ul_m) \ Jsd_> B O.\_AT Cwd 4

Lbquo)T ral:p“ 9 o Kows Wlaswine

)‘ 03— o 6u)9)Jb15 )l_Q LS’L“’L"W 6‘)_:
opeled oS Ly S (KRD) oS0l 55 il 905
o Cu-Kat pinild aie ay 50 PW1800 Joo
Sl mmen s solai ol < /0 ¥ B8 olasl Lo Q. s
<L Belsorp mini olKwo 3l eolaiwl L BET (505!
yolatedy 0 a8 5 15 Microtrac Bel Corp <S5,

Odmsn SRS ey il sl w8 S
bl doas Olagn dmas seoys g anlB ool s o
Jolxe (s 6‘)-9_9 O olgidn 75 pgd Az )0
52 ANOVA (g Lol Jolows s sl )l 5 Joms (05—
b airy el (g S ey e 0S8

s oLl Jae el Gilef] Sl

3L 8590 dlgo
<15l e5dbl s «.f‘)—.’ g B o=l o
YL e Laslaw e O i03935000
el L SelS )8 (655 (i V0 sl s
Lo sl g ol 35K Sad o0 49 Yo
AU Loyl Ly Jysbl JSIT 5 0oy 38 (VL oy L5
Czmad b oolaiwl el e S 1 a5l oo o
L poals S5 a0y 3038 oy 15 Ly S5 sly o
/20 s> Lo o n 35 5 00,0 9/48 oy 1>
=030 0w anl )3 wlelw jo eolaiwl g oy

29565 e
Jlerigyian by olowsl ;o CUBTC ansly 3w g4
Ao Sl oo 5 1/ AT Jlaie ol o Clsal
Sl > 00905059 yafie Ol = e VO 50 al
G O _ONX N a ol 0, §/OVD o de pien
e b o Jo bl i (e 10 50 SelenSe S
el ) Gae d g badse , Ko L Jodoe g0 ol
WA 00 o gmmbline 102 (59, 1 3L sl o
odel Cws a9, by L (03— plasl jl o
O e Ly SSjas Y58 iz 5l M sl 4
ool 515 33 Py S| s s e o) on -
gl S aileazr WV oo azn e, S slyo
i Gl pload] 3ha ach eols 1,8 celu VY Sas
sdal s dy S5, (ol byl o ands (g5lwd g
L e T 1 Lo L 550 s el g oy

95 ol 5O s 2550 Sladised 20 Jsor
Table 1 Description of the samples studied in this research

Name Sample description (weight percentage Sample number

of manganese)

CuBTC 0 1
CuBTC-Mn-1 1 2
CuBTC-Mn-2 2 3
CuBTC-Mn-3 3 4
CuBTC-Mn-3 4 S
CuBTC-Mn-5 5 6
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Figure 1 View of a laboratory system designed to investigate the oxidation dehydrogenation process of propane
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Table 2 Minimum and maximum values of basic factors

Variables Level (-2) Level (-1) Level (0) Level (+1) | Level (+2)
A- Temperature (0C) 140 175 210 245 280
B- Manganese oxide loading (wt%) 1 2 3 4 5
C- Propane to oxygen ratio 1 1.5 2 2.5 3
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Figure 2 (a) X-ray diffraction (XRD) analysis (b) Infrared conversion imaging (TIRF) for synthesized catalysts.
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Table 3 Surface area, pore diameter and pore volume of catalysts with different amounts of manganese loading

Row Sample BET surface Average diameter The volume of

area (m%g) of cavities (A°) cavities (cm%g)
1 CuBTC 1180 25.79 0.760
2 CuBTC-Mn-1 1026 38.12 0.692
3 CuBTC-Mn-2 942 43.32 0.644
4 CuBTC-Mn-3 875 46.73 0.591
5 CuBTC-Mn-4 644 55.86 0.531
6 CuBTC-Mn-5 513 57.24 0.482
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Figure 3 Scanning electron microscopy analysis (a) CuBTC base catalyst (b) CuBTC-Mn-3 loaded catalyst (c) diagram
of EDS 3% by weight manganese catalyst
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Table 4 Experimental design by central composite method

Standard Basic parameters Response (%)
row
- Temperature | Manganese | Propane | Conversion | Selectivity | Yield
(°C) (Wt%) / oxygen
1 175 2 1.5 5.01 23.8 1.19
2 245 2 1.5 18.62 18.97 3.53
3 175 4 1.5 8.26 19.55 1.61
4 245 4 1.5 22.1 16.52 3.65
5 175 2 2.5 6.23 24.23 1.50
6 245 2 2.5 15.88 20.79 3.30
7 175 4 2.5 7.82 19.93 1.55
8 245 4 2.5 21.82 17.11 3.73
9 140 3 2 4.23 24.89 1.05
10 280 3 2 24.36 19.6 4.77
11 210 1 2 8.67 19.74 1.71
12 210 5 2 22.02 16.87 3.71
13 210 3 1 14.65 17.76 2.60
14 210 3 3 9.63 19.93 191
15 210 3 2 10.67 18.79 2.00
16 210 3 2 10.59 18.81 1.99
17 210 3 2 10.74 18.72 2.01
18 210 3 2 10.81 18.69 2.02
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Table 5 Analysis of variance for the percentage of propane conversion obtained from the test design

Source Sum of Squares df Mean Square | F-value p-value
Model 640.46 6 106.74 19.54 <0.0001
A-Temperature 521.67 1 521.67 95.49 0.0001
B-MnOx 104.86 1 104.86 19.19 0.0011
C-Propane/02 9.42 1 9.42 1.73 0.2158
AB 2.62 1 2.62 0.4800 0.5028
AC 1.81 1 1.81 0.3304 0.5770
BC 0.0800 1 0.0800 0.0146 0.9059
Residual 640.46 6 106.74 19.54 <0.0001
Lack of Fit 192.94 5 59.38 28234.15 0.12
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Table 6 Analysis of variance for the percentage of selectivity of propylene obtained from the test design

Source Sum of Squares df Mean Square | F-value p-value

Model 90.87 9 10.10 10.84 0.0013

A-Temperature 38.13 1 38.13 40.92 0.0002

B-MnOx 26.06 1 26.06 27.97 0.0007

C-Propane/02 3.57 1 3.57 3.83 0.0859

AB 0.7321 1 0.7321 0.7856 0.4013

AC 0.3200 1 0.3200 0.3434 0.5740

BC 0.2048 1 0.2048 0.2198 0.6517

A? 18.13 1 18.13 19.45 0.0023

B? 0.1179 1 0.1179 0.1265 0.7313

c? 0.0825 1 0.0825 0.0886 0.7736
Residual 7.45 8 0.9318

Lack of Fit 173.82 5 34.76 17096.92 0.098
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Table 7 Analysis of variance for the percentage of efficiency obtained from the test design

Source Sum of Squares df Mean Square | F-value p-value
Model 17.28 6 2.88 14.03 0.0001
A-Temperature 15.58 1 15.58 75.91 <0.0001
B-MnOx 1.58 1 1.58 7.70 0.0181
C-Propane/02 0.0981 1 0.0981 0.4779 0.5037
AB 0.0008 1 0.0008 0.0038 0.9518
AC 0.0209 1 0.0209 0.1020 0.7555
BC 0.0005 1 0.0005 0.0022 0.9634
Residual 2.26 11 0.2052
Lack of Fit 19.80 5 3.96 43201 0.081
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Figure 5 Two-dimensional graph of the effect of parameters (a) of manganese oxide loading percentage and
propane to oxygen ratio (b) temperature and propane to oxygen ratio (c) temperature and manganese oxide loading
percentage on propane conversion percentage
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Figure 7 Two-dimensional graph of the effect of parameters (a) molybdenum loading percentage and temperature
(b) temperature and propane to oxygen ratio (c) propane to oxygen ratio and molybdenum loading percentage on
process efficiency percentage
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Table 8 Comparison of the proposed state of the predicted model with the laboratory result

Row state

Response (%)

Conversion

Selectivity Yield

1 Predicted by the model Data

28.38 18.14 4.9

2 Laboratory Data

26.39 19.50 5.14

Predictive accuracy

%93 %93 %93
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