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Research Subject: In recent years, industrial-scale production of pro-
pylene based on oxidative dehydrogenation of propane has been of par-
ticular importance due to the lack of thermodynamic limitations. In this
regard, the use of natural zeolites with high abundance and low price
has placed a special position. In this research, perlite natural zeolites
were treated with ionic liquid solution and acid, then supported vana-
dium catalysis were synthesized. Performance of catalysis were inves-
tigated in oxidative dehydrogenation of propane to propylene process
with a mixed feed of propane and air in a fixed bed quartz reactor un-
der condition of atmospheric pressure and temperature of 500°C with a
flow rate of 40000 h! (GHSV).

Research Approach: In this study, natural perlite support as a source
of aluminum oxide (Al,0,) and silica (SiO,) was ion exchanged by one
molar solution of ammonium nitrate (NH,NO, 1 M). Continuously, to
investigate the effect of delamination, different acid molar concentra-
tions of nitric acid (HNO,) equal to 0.75, 1.5, and 2.25 were used and
then compared with the just modified ion exchange sample without
acid leaching (V/PERLIT-I). Dry vanadium impregnation, as an active
metal, was carried out to synthesize 8% wt. catalysts. X-ray diffraction
analyzes (XRD), scanning electron microscopy (FE-SEM), and ammonia
Temperature-programmed desorption program (NH,-TPD) were used
to characterization and evaluate the properties of the catalyst.

Main Result: The results showed that the concentration of acid used
affects the conversion and selectivity of the catalysis. In comparison, a
significant difference was observed between the performance of V/PER-
LIT-I sample compared to V/PERLIT-IA samples. The maximum selectiv-
ity value for V/PERLIT-IA(2.25) was 74%. According to the results, the
treated perlite support with suitable selectivity can be considered in the
studies of use as an industrial support.

*To whom correspondence should be addressed:
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Component Percentage
Sio, %76-68
ALO, %14-12
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K.,0 %4.5-3
MgO %0.5-0.2

9 5I0g—ad ol Al S ol T il a0 B0 sles an
ol ¥ S 5 (ol aiges o L oo o IS, b
el

)95l Wlasiu (raai b 9,

oabatle sle g5 Ul o lsluw (b))l jetaie any
Slleysnbls 65y s sonld 8 ) s
od—d oolai_ul TPD—NHr 9 XRD, SEM, BET Lo =5
Loyl g0, Slas i, 9 (o=d,m0 doalol o a5 el
=l s

slojls (XRD) (Gl 55 53 ol g (5031 SoS™ ey
35 8 )3 ey 3590 595 IBE (S ok g 352 9e
5 Slohss (o s slfs o, bty i S5

| 00 oolai ‘5)9_4-0&».4#‘ J_ALC 0‘9_& 4o
2950 4y Z3al (A

5;‘4])& J9_L7LA '>|5_‘° B> )9_,4:...0.’ 4_v<\_1.>).c Q—".‘)‘b

VA (g Camd Ly (b e d py cog Ll oly o L
o5 Bl a0 20 slos 10 00435055 ol ol ,am 4y
3,8 300 tpm o0 b woblise e (59, =
VP o a cu«JLo )| o— 03— HBM (54_93.04
S8 gl g0 o5 clw a0V Ve slos o el
S Jsdone sz e ol g i oy S
59 S Lo S el 5 Slpgial Vs
o, Shoe jolaiean .8 18 L8, comy el A
ad>y0 95 3 (S pAamgn Slakes e (SHe (A

oy — (oo (owiinn 6075 S (Agl (s Ay o (A9 (oole alilad ) A



Bl S gy (srb Sl sl eslatul pw)y

[ Natural Zeolite (Perlite) ]

[ Washing, Filtration, Drying ]
___________________________ Y e imm e m e T
i T
| NH,NO; aq. Solution (1 M) 1 i [ HNO, aq. Solution {1 M) ]
( Mixing at a ratio of : Mixing at a ratio of W
[NH,NO; Solution gr )/[Perlit gr] = 15:1 i [HNO, Solution gr )/[Perlite gr] = 10:1
[ Heating at 80°C for 8 h J ! Heating at 80°C for 3 h
-

Filtration and Washing with deionized water until pH=7

Drying at 110°C for 16 h under static air

Calcination at 500°C for 4 h under static air

_‘
LR SR W ) S—— S

Calcination at 550°C for 4 h under static air

[ Drying at 110°C for 16 h under static air J

Dry Impregnation with solution of NH,VO;, drying at 110°C for 24 h ]

Calcination at 550°C for 4 h under static air ]

[ (a) V/PERLIT-I (b) V/PERLIT-TA(0.75) (¢) V/PERLIT-IA(1.5) (d) V/PERLIT-IA(2.25) ]
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Fig. 1 Scheme of support treatment steps and catalyst synthesis
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Table 2 Concentration of weak and strong acid sites resulting from NH,-TPD

Catalyst Acid Total acid Weak acid Strong acid TW? TS*

concentration (mmol/g) (mmol/g) (mmol/g) (&9 Q)

V/PERLIT- 1.5 0.1351 0.079 0.056 195 446
IA(1.5)

V/PERLIT- 2.25 0.1042 0.060 0.044 214 403
IA(2.25)

a The temperature related to weak acidity zone. b The temperature related to strong acidity zone.
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Fig. 6 Propane conversion over the synthesized catalysts
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Table 3 Propane conversion and product distribution for ODH reaction over samples

Selectivity (%)
Carbon Balance
Catalyst o
(%) CH, co, co
V/PERLIT-I 2.75 4.06 3.45 |3.82|0.29 | 0.22 | 0.24 | 0.18 | 0.65 |0.37
V/PERLIT-IA(0.75) 2.05 2.7 292 1299 |0.19 |0.15 |0.22 | 0.12 | 0.51 |0.19
V/PERLIT-IA(1.5) 2.58 2.81 3.18 |3.12 | 0.14 | 0.11 | 0.15 | 0.11 | 0.44 |0.24
V/PERLIT-IA(2.25) 1.6 2.76 2.53 |3.12 | 0.09 | 0.07 | 0.22 | 0.10 | 0.56 |0.25
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Table 4 Comparison of propylene selectivity of oxidative dehydrogenation of propane

Catalyst Active Temperature GHSV Selectivity Ref
metal Test (°C) (%)
SBA-15 \Y% 500 23000 58 26
y-ALO, Vv 500 20000 67.6-85.9 27
MCM-41 \Y% 600 25000 90 28
MSNS Vv 600 18000 89 29
KIT-16 \Y% 525 6000 60 30
Ca0-AL0, Vv 640 28000 79 31
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