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Figure 1- Schematic of reactor set up for catalytic cracking of LPG
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Table 1- Surface area and pore volume of prepared HZSM-5
Sample Seer (M%) Sext (M) | Smicro (M#9) | Vot (€M%G) | Vimicro (€M*g) | Vineso (cm*/Q)
HZSM-5(Nitrate) 221 27 194 0.119 0.0812 0.0382
P/HZSM-5(Nitrate) 194 23 171 0.103 0.0710 0.0320
HZSM-5(Hydroxide) 201 25 176 0.109 0.0751 0.0339
P/ HZSM-5(Hydroxide) 179 21 158 0.096 0.0655 0.0305
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Figure 3- N, adsorption/desorption isotherms for (a) HZSM-5 synthesized with aluminum nitrate, (b) modified P/HZSM-5(Nitrate),
(c) HZSM-5 synthesized with aluminum hydroxide and (d) modified P/HZSM-5(Hydroxide)
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Figure 4- XRD patterns of (a) HZSM-5 synthesized with aluminum nitrate, modified P/HZSM-5 (Nitrate), (b) HZSM-5 synthesized
with aluminum hydroxide and modified P/HZSM-5(Hydroxide) [7, 28]
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Figure 5- Decomposed UV visible spectra to Gaussian bands for HZSM-5 synthesized with aluminum hydroxide [7, 10]
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Table 2- The concentration of single, close, pair and un-pair Al atoms in the framework of HZSM-5 synthesized with various
aluminum precursors

Sample Single Al atoms Close Al atoms Al pairs Al.ir atoms in sites
mmol/g (%) mmol/g (%) (mmol/g) a (%) B (%) Y (%)
HZSM-5(Nitrate) 0.6578 90.6 0.0682 9.4 0.0601 45 47 8
HZSM-5(Hydroxide) 0.4014 52.2 0.3396 47.8 0.3304 28 67 5
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Figure 6- NH3-TPD profiles of (a) HZSM-5 synthesized with aluminum nitrate, (b) modified P/HZSM-5(Nitrate), (c) HZSM-5
synthesized with aluminum hydroxide and (d) modified P/HZSM-5(Hydroxide)
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Figure 7- The comparison of product yield in LPG cracking on (a) HZSM-5 synthesized with Aluminum nitrate and hydroxide, (b)
modified P/HZSM-5(Nitrate) and HZSM-5(Hydroxide); (c) selectivity for light olefin and (d) feed conversion for prepared catalysts
(Temperature= 650°C; LPG flow rate= 25 cm*/min; N, flow rate= 25 cm®/min, Time on stream=240 min; Zeolite=0.2 g)

HZSM-5 § &y pguiunogd T b 00 3w HZSM-5 (Wl sl gi) bawgi LPG Sy (yiiSly 30 <Y guao 003l duws Lo —V S
(g)-PIHZSM-5(Hydroxide) susszduol el g PIHZSM-5(Nitrate) oz Mol cad gy () chumS g yiud pguwimngdl b o0 yiiaw
Cm/min i3 LPG () 2 &35 $8+ °C Lod) sbiantd gbcaundUlS sl STh93 Jooud olime (9) 9 S slagyaddsl (5 3235 i 35
(P55 1Y cad iy ol o caindd Yo (43S T3 yloj YO CMMin pol s (339 5 by &5 <Y

s s HZSM-B(Nitrate) aiges slys (oohoys ot bl s yudlsl 035k w095 oo onplie WY S5 o a5 jsblen
Sopsiesll ol Olyee b ooty HZSM-5(Hydroxide) aiges (sl cwilsl 035k 51 i YU jate (sbpgeos)T b
Ao, YY1 o YAl o5 sa HZSM-5(Hydroxide) o HZSM-5(Nitrate) aiges (sl S uddgl 003k .l 0045 5 000
4l sl Sly puddByie 5 JssasS la STy sgu Eel Colgy aSed 0 jiaie slpgrinagll cadly jo ol 0oy,
Spgiodd] ol b oo jw HZSM-5(Hydroxide) sl Cs' (puKis &V guams 035b o0 sk Iyvlew oo
Wil 505 paa A slapgiweg] ax o sl 039 YL HZSM-5(Nitrate) condblS @ cons jlins opdy Soo 5

Y



WWAY Gl pylez ojlads (o3l Jlo (3l § Co g cdghy — sole &y s

9 OoMbssal> (Gads gl (igsee JEH ale (hlr GlatiSly g eog S0y eaar Wligp ueel glacyle
a M ;S...,..; le.ﬁu,..dj‘ 00)'[;. s).a.mﬁ Lu u...lgj) C)Lal )| o= [YY‘]W‘ W) r:l.?u‘ ).....M.».: u..i..w u}’}.am 9 SS J.»_im.u
uo;wgﬁo 6‘;1 Mj).) 6“\.....»‘ LSLQWLMJ M au..JL'j‘ o.))’l.) 9O Ogude u.!‘ I P P ).........,_; OMC)'L«@‘ w.‘jj)
s 54 PIHZSM-5(Hydroxide) dises s PIHZSM-5(Nitrate) woes gy S (puddgl 033L .l 009 1536 slo 1Sy
5 st olaws) sl 5,90 o2 )l pgaiegd] >, a5 was o olis s ol el 005 wo o YEIA § TV/D il
ool cde el oo iy dlgl adei (6l ;e b cldesy sl O b sl 0,8k Cundg ;o aSd lapgaiiey]]
@l slaausly pbnl 5l wle a5 wl (a8 Sloaist hwg Culgi) 658 ol slacole 251 als Wl oo S5
bgre a5 gowml lacolo 51 SO wi)ls 18 ool g phds So05 Cundy 40 gyl a5 Slej ( wSKe p ol o0
5 i g oS e Lo 1) 095 (sl 0508 5 wile oo (Bl i (s Sl 035y oo Suo3 slapsiiedll 5l (S 4
as wile wlys Bl (598 Culw ;500 g oS o i |y ] 9 0 10 Sl (5,808 4sS b aidyy (souml slacole
S g zV USE mlis ool pogdle .l walgs PIHZSM-5(Nitrate) culgs) 4 sy jin (sl slo jiaSTy plxl el
Slygz b lime o in § S o pudlgl (6l dquuw.))f Ole o yiion coddiagd locwdblS sl olo las
.39 PIHZSM-5(Nitrate) <o) diges 4y bogy o (4280 YF+) 1iSTy aloeil 51 o

b B cogn Bl cas Gl STy Oloy a4 S S lsl 03l 5 SThss o (e DS
el ol oals Hlas A S 50 sudanyy slecu Ul awgs

(a)

100
05 - 4
s 0y + HZSMS5(Nitrate)
< _
B 85 - % . m P/HZSM- 5(Niirate)
2 80 - §
T [ i A HZSM-5(Hydroxide)
g t RS "
o 70 A : . L X PHZSM-3(Hydroxide)
65 - PO v X
60 A ¢
55 A
0 50 100 150 200 250 300
Time on Stream (min)
55
50 J =
= g ¥ L -
S 45 14 * L + HZSM5(Nitrate)
=2 4 $ * ¥ L] [ ]
&
= 40 A N L. W P/HZSM-5(Nitrate)
& 35 A o Fox
=z A, + . A HZSM-5(Hydroxide)
S 10 - A
A X P/HZSM-5(Hydroxide)
25 - A
A
20
0 50 100 150 200 250 300

Time on Stream (min)

Figure 7- (a) Feed conversion and (b) olefin yield versus time on stream for LPG catalytic cracking on the prepared catalysts
(Temperature= 650°C; LPG flow rate= 25 cm®/min; N, flow rate= 25 cm*min, Time on stream=240 min; Zeolite=0.2 g)
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Table 3- Deactivation rate, coke percent loaded on prepared zeolites and propylene to ethylene ratio

Sample Xo(%0) X¢(%0) D(%) Coke percent Propelene/ethylene
(Wt%0) (P/E) ratio
HZSM-5(Nitrate) 92.3 60.8 34.13 13.2 0.873
P/HZSM-5(Nitrate) 87.3 68.7 21.31 6.0 0.986
HZSM-5(Hydroxide) 94.2 56.1 40.44 24.6 0.840
P/ HZSM-5(Hydroxide) 89.3 63.5 28.89 11.8 0.892
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Effects of Phosphorus on modification of HZSM-5 zeolite synthesized with
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In this work, HZSM-5 zeolites with aluminum nitrate and aluminum hydroxide and Si/Al ratio 20 were
synthesized and the effect of framework aluminum distribution on modification of HZSM-5 with
phosphorous were investigated in catalytic cracking of LPG. The prepared catalysts were characterized by X-
Ray Diffraction, Field Emission Scanning Electron Microscopy, Nitrogen Adsorption-desorption, X-Ray
Fluorescence and NHsz-Temperature Programmed Desorption analyses. Aluminum distribution in the
framework of HZSM-5 was determined by chemical analysis of X-Ray Fluorescence and reflectance UV-
Visible analyses. The highest proportion of single Al atoms was found to be 90.6% for HZAM-5 synthesized
with aluminum nitrate and the highest proportion of close Al atoms in the zeolite framework was 47.8% for
HZAM-5 synthesized with aluminum hydroxide. The catalytic cracking tests showed that the catalytic
stability and the olefin yield in LPG cracking for HZAM-5 synthesized with aluminum nitrate, were greater
than those of HZAM-5 synthesized with aluminum hydroxide. After 240 min, the olefin yield just decreased
from 49.8% to 41.5% for P/HZSM-5 synthesized with higher single Al atoms. Also, the propylene to ethylene
ratio, yield of C** heavy products, coke percent and deactivation rate for P/HZSM-5(Nitrate) catalyst were
determined to be 0.986, 2%, 6% and 21.31%, respectively.

Keywords: LPG, Aluminum Distribution, HZSM-5, Single Aluminum, Phosphorus, Light Olefin
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