CHAPTER V

RESULTS AND DISCUSSION

5.1 Reactivity of Alcohols (C19H_C40H)
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stable,that’s why, it has the percentage selectivity of
ethylene more than other alcohols. In the similar way the
percentage selectivity of ethylené from methanol will have
trend higher than n-propanol and n-butanol,because of

mechanism of reaction occuring on methanol to light
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olefins_ by giving the carbene groups (E'Hz) which 1is

finally changed to be Cz2Hs, but in case of n-propanol and
n-butanol, the mechanism of reaction would directly occure
to be Cs3Hs and CsHs previously. For the percentage
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5.2 Effect of Reaction Temperature

From experimental result shown in Figure 5.1-5.3
for the case of mordenite catalyst (HM-10) at various
space velocity and Figure 5.17-5.19 for Y-type catalyst

(HY-5.6) which the res 1; showed that when the reaction

temperature increase L g&, to 350°C, the trend of

ed for all of methanol,

ethanol, n—proga-!'_—' 1ta 't any space velocity.

That’s why,

alcohols conversi

alcohols to 1light
olefins, that So, this research

result is 1i when the reaction

temperature ermic reactions was
better to rﬂ_, fﬂ‘ o 1t is 1like to Dbasic
concept of thermodyném 1'.-”, aculated in Appendix E

said that theA Gf, »'s— :

L
(C2H4 +C3Hs ) aﬂﬁy n————ﬁ¢f4———1111‘ 'J“qual to -85.75 .and

ersion to light olefins

-157.15 kJ/g- WEP he £ion qamperature increased
to be 350°C, the/AGf,r valug, decreased to be -104.85 and

17640 ﬁmm RUBIWEN A Torm s cone

respectlvelv which showh that when temperature incrased,
the Qrmif][ a m;ﬁmlu m’):ghmcﬁl :]’-a ﬂvorable to
occur.q In the same way, theAGe,r of alcohols (C294 to
Cs%H ) for conversion of the alcohols to ethylene and water
at T = 200°C were equal to -14.64, +4.55, and +11.65
kJ/g-mol, respectively. And, for conversion of alcohols
to propylene and water, the AGs,r were equal to -100.97,

-26.65, -79.15 kJ/g-mol, respectively. When the
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temperature increésed to be 350°C, the AGe,r of the
alcohols were equal to -33.98, -54.31, -28.27 kJ/g-mol for
the formation of ethylene,.and the formation-of propylene,
the A Gsf,r to be -140.19, -46.28, -161.37 kJ/g-mol in case

of ethanol, n-propanol, n-butanol respectively. As that

‘p/ehydration of alcohols to
,‘y/when the temperature

said, thermodynamically

light olefins w

increasing.

From Y U] hown in Figure 5.7 for
HM-10 at space v 1500 he result shown that
percentage 2P\ from methanol
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to crack to e 0l, the selectivity
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(&) anged be continue

ethylene to form others
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velocity shown thr1mEEect of temperature on
percentage selectivity of propylene. The result showed
that the trend of selectivity of propylene from methanal,
ethancl, n-butanol increased with increasing temperature
between 200 to 350°C. The reason of this results was
because of the dehydration of alcohols (methanol, ethanol,

n-butancl) were increased. In case of n-Propanol, the
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selectivity of propylene decreased with increasing
temperature. The reason of this results because of
propylene converted to higher olefins. Figure 5.23 and

Figure 5.25 for Y-type catalyst (HY-5.6) showed the
ethylene selectivity and propylene selectivity . from

alcohols (C19H - (C408) g space velocity 1500 hr-1., The

trend of ethylene d the trend of propylene

selectivity of wusing HM-10
catalyst. Owi < | react ] echanism of olefin

formation from & re the same pattern.
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Table 5.1 The effect of reaction temperature on activity

and selectivity of HM-10 Zeolite (SV=1500 hr-1)

Reaction Temperature (°C) 200 250

Alcohols C10H  (C20H (C30H (4O0H ( 0H  (Cp0H (C30H  (40H

%Conversion 74.22 49.59 72.0 83,3 83.7

%Yield of C2-3 7-12.19 33.62 55.31 2.46
%Selectivity CzHas 8.22 46.69 0.15 0.12

%Selectivity CaHe 16.33 0 59.14 2.51

Reaction Temperature (°© 350

Alcohols Cq40H (C0H  (Cp0H (30H (y0H
w2
%Conversion W J72.08 84.25 94.03 94.19

%Yield of Caz-3 4 i.c 21.57 64,94 35.4  9.36

O Uo OU » U
%Selectivity C2 a3 Séj\ ﬁgwb 1524 65.48 1.0 1.04
%Selectivity C u n 54, 5 69 11.60 50.0 8.89

[
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Table 5.2 The effect of reaction temperature on activity

and selectivity of HM-10 Zeolite (SV=3000 hr-1)

Reaction Temperature.(°C) 200 250

Alcohols C1O0H (p0H (30H (40H (yO0H (C0H (C30H (C40H

%Conversion LS, 1.45,29 40.66 42.5 50.04 50.14

%Yield of C2-3 2 9wk ﬁls’ 14.62 36.06 33.75 0.48

%Selectivity CzHs '_ |83 0.1 0 18.64 84.85 0.03 0.06

N

%Selectivity C3aHe 659,58 ‘ﬂ\9 17 .34 0 67.41 0.89

Reaction Temperature (°C) 350
Alcohols 0 , C4OH (CyO0H (Cp0H (C30H  (C40H
! &
%Conversion A 5 jj'-0.0 72.45 80.0 90.24

£
.

%Yield of C2-3 'Iu 12,88 37.25 35.36 20.83 67.46 31.83 4.80

%Selectivity CaHg 4,52 2.01 39.41 4.63
o/
-y

¢
%Selectivity Cﬁua?ﬁﬁﬂ%ﬂ%@tﬁﬁﬂ 91,09 0.37 0.69
: 13 0 58.41 4.
Cm - ,
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Table 5.3 The effect of reaction temperature on activity

and selectivity of HM-10 Zeolite (SV=5000 hr-1)

Reaction Temperature (°C) 200 . 250

Alcohols C108  (Cp0H (C30H (4OH (;0H (0H (30H (40H

%Conversion

24.94 22.58 30.27 35.0 38.0
@..56 7.86 23.45 12,41 1.21

52 21.82 76.36 0.31 1.25

%Yield of Cz2-3
%#Selectivity Cz2Hs

%Selectivity C3Hse . 4 12.98 1.11 35.13 12.3

Reaction Temperature (°C) 350
Alcohols B —c ., - 108" C20R (Qgom (C40H
%Conversion Yy 0/55.0 60.14 64.12 72.06
I l”;
%Yield of Cz2-3 y .8 . 15,35 13498 22.25 20.4 24.49 1?.68

%Selectivity C ‘A??lj Wf wﬂv 3f.f§41 17.6 3.88 4.55
YSelechivity C uﬂql J8o17.4 930,143, 705 16.31 34.31 22.76




137

Table 5.4 The effect of space velocity on activity

and selectivity of HM-10 Zeolite (Ci12H)

Space Velocity,hr-1 1500 3000 5000

Reaction Temp,°C 200 300 200 300 200 300

%C19" Conversion 5,12 45,36 268 314

%¥ield of Cz2-3 1.82 12.88 1.05 11.87

%Selectivity 021/.2_: 3.5 .07 15.07 22.83 22.91

%Selectivity Cs ' 67 18.34 17.12 14.83

Table 5.5 The ef on activity

and se Bolite (Cz20H)

Space Velocity,hr: 3000 5000
Reaction Tempof— ==200] 300 200 300

I vt
II . - |
— L

aF |

%C29H Conversionf g 33.28 @b.19 16.53 54.36 12.43 40.0

xvield of%.u81ﬂ8m3ﬂ}_l’laﬂgﬁs7.z5 3.51 35.63

%Selectivity CzHs 58.78 74.49, 59.83 68452 28.25 71.67

o B ANN ITUN VLI NG TRE o o1
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Table.5.6 The effect of space velocity on activity

and selectivity of HM-10 Zeolite (n-C30H)

Space Velocity,hr-1 1500 3000 5000

Reaction Temp,°C 200 300 200 300

%n-C3°%H Conversionw .. SRemieom—t 3 . 04 60.44 17.5 49.2

%Yield of(h_s“"”"’f 7 6.52 35.36 7.06 15.35

%Selectivity CzH 0.14 0,08 0.22 1.01

%Selectivity C3Hg ihﬁ\\ .58 58.41 40.12 30.19

.‘-__‘.. s. -

f Ah.l '\
__ f [« Mt
Table 5.7 The effeg ity on activity

and selectl QO Zeolite (n-Ca0H)

{

Reaction lﬂ’luﬂ fJ Vl Ejvl {w Ejﬁrﬂ 5300 200 300
Zflfﬁﬁ:!j@w R/t ehlicnl el

%Selectivity C2Ha4 0.05 0.27 0 0.49 0.52 2.33

%Selectivity C3Hs 0.71 5.13 3.39 '4.02 5.74 18.48
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Table 5.8 The effect of space velocity on activity

and selectivity of HM-10 Zeolite (C19H)

Space Velocity,hr-1 1500 3000 . 5000

Reaction Temp,°C 250 350 250 350

%C10H Conversion.,‘i'
E¥ield of Oz-3 /‘ 2
%Selectivity C2Ha

%Selectivity C3aHsd

_.40.66 60.0 22.58 55.0
4.62 20.83 7.86 22,256
8.64 20.21 21.82 30.41

.34 14.52 12,98 10.05

Table 5.9 The efTeg! '44{11 & ty on activity

SAaEE s 4
and selectiviity of HM®10 Zeolite (Cz20H)

LRI

V— =

Space Velocity,g —1 00 Q 000 5000

250 350

Reaction Tﬁiﬁgﬁﬂ ﬁ%%mﬁﬂﬁsﬁﬁsso
e AN Sl R o o

9q
%Selectivity Cz2Ha 46.69 65.48 84.85 91.09 76.36 17.6

%Selectivity C3Hs -0 11.60 0 2.01 1,11 16.31
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Table 5.10 The effect of space velocity on activity

and selectivity of HM-10 Zeolite (n-C30H)

Space Velocity,hr-1 1500 3000 5000

Reaction Temp,°C 350 250 350

%n-C3%H Conversiomsss 83 .9 @0.0tl 80.0 35.0 64.12

%Yield of Cz—a'-'!‘,ﬂ"'f $ 313 2 .75 31.83 12.41 24.49

%Selectivity CzH .08 0,37 0.31 3.88

%Selectivity CaHs G 14 "F .41 39.41 35.13 34.31

Table 5.11 The effs Ll b vellkcity on activity

and selectiviEE ; 10 Zeolite (n-Cs0H)

H | Fil R
il |
Space Velocity,J = 23000 5000

1’1121 113y () L1 e
AN I A IEARE T

%Yield of €2-3 2
%Selectivity C2Hs 0.1 . ) '0.69 1.25 4.55

%Selectivity CaHs 2.51 8.89 0.89 4.63 12.3 22.76
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Table 5.12 The effect of reaction temperature on activity

and selectivity of HY-5.6 Zeolite (SV=1500 hr-1)

Reaction Temperature (°C) 200 250

Alcohols C10H (C20H (C30H (C40H (y0H (p0H (30H (40H

%Conversion 0. 7 /2 L27.88 15,72 31.5 51.34 71.24
- %Yield of C2-3 . : 63 0.28 19.36 34.25 2.73
%Selectivity CzHa ; 50 .19 () 5 0.88 61.45 0.1 0.12

%#3electivity C3Hs 0.93 0 66:.62 3.71

Reaction Temperature (°C 350
Alcohols _F—n_——{ Ci08 (.0R a0R (08
%Conversion \ -‘-4"‘. 77.31 95.62 96.39
H |
%#Yield of Cz2-3 I 1:50" a0 il *“ 7.45 47.16 51,44 .92

%Selectivity Cz Zﬂﬂfﬂ ﬁﬂjz j’/’ 60.99 0.32 0.49
%Selectivity Cs uﬂ’J ?'? 6 fl& 53.47 6.69
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Table 5.13 The effect of reaction temperature on activity

and selectivity of HY-5.6 Zeolite (SV=3000 hr-1)

Reaction Temperature (°C) 200 250

Alcohols C10H (Cp0H (C30H (C40H (;0H  (Cp0H  (C30H  (40H
%Conversion ‘16.5 5.5 13.75 25.24 39.24
#Yield of C2-3 09 0.22 8.39 16.58 1.70
%Selectivity Cz2Ha O 60.192; Ar*‘*:;" 0.72 60.94 0.06 0.42
#%#Selectivity CsHs i\\ki 1.6 0.38 65.58 3.92
Reaction Temperature (° 350

Alcohols C10H  (Cp0R  (C30H (y0H

¥

%Conversion 10° 21.31 29.26 55.62 75.95
%Yield of Cz2-3 3.96 1.79 17.85 28.14 6.28
%Selectivity Czﬂﬂ , I‘1&0.80 42.04 @H.13 0,36 2.27 60.62 0.29 0.46
%Selectivity C3 ‘“uﬂq “o 0 .99 1613 0.39 7.81

50.33
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Table 5.14 The effect of reaction temperature on activity

and selectivity of HY-5.6 Zeolite (SV=5000 hr-1)

Reaction Temperature (°C) 200 ‘ 250

Alcohols C10H (p0H (C30H (C40H ( 0H (0H (C30H (4 0H

%Conversion : W /54 5.82 0.45 8.19 20.0 38.61
%Yield of Cz2-3 - \ aos 0.05 4.99 10.23 0.36
%Selectivity Cz2Ha , ) ‘47 5.28 60.95 0O 0.04

%Selectivity CaHs 5,57 0 51-15 0.87

Reaction Temperature (°( 350

Alcohols C40H  (C30H (p0H (C30H (40H

i

o
S B

%Conversion X J5.19 24.37 39.5 48.42

.46 1.28 14.77 17.87 1.88

%Selectivity Cz2Hs ‘Ql. 76 60,94 Uﬂ Ej)ifii 60.48 0.09 0.13
%Selectivity Cs!ﬂ uU’JZ 6 U 59 2007 1 0,04 45,15 3.74
Y ¢

%¥Yield of C2-3
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‘Table 5.15 The effect of space velocity on activity and

selectivity of HY-5.6 Zeolite (Ci10H)

Space Velocity,hr-1 1500 3000 5000

Reaction Temp,°C 200 300 200 300 200 300

%C19H Conversion 3:21 10,63 0.1 1.39

%Yield of C2-3 0,01 0,19 0 0.34

%Selectivity C{Eﬁ!"-"’ .,w\\;,v .26 0.80 0 11.76

%Selectivity Cs 0.94 0 12.66

Table 5.16 The ef ity on activity and

selectis t ------ Zéolite (C29H)

Space Velocityh Bt {000 5000

-

v,

|
%C200 Conv 20.0 3.54 13.28
o e.mmmmi’wm;g.w S —
o/

"s"’l‘ﬂtW‘lﬁ*ﬂ’ﬂ‘ifﬂ’mﬂm neagy = o

%Selectivity CsHs 0. 0. 0 0

Reaction Temp, 300 200 300
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.Table 5.17 The effect of space velocity on activity

and selectivity of HY-5.6 Zeolites (n-C30H)

Space Velocity,hr-1 1500 3000 5000

Reaction Temp,°C 200 300 200 300 200 300

%n—-C3%" Conversion 51 40:0 5.14 32.48

%Yield of Cz-3 .65 24.22 Jd.1% 22,586

%Selectivity C2 w14 0.13 0 0

%Selectivity CaHs «+18 60.41 B61.33 69.71

Table 5.18 The Wty on activity

and selegti ey G Y 5 Zeolites (n-C40H)

Space Velocit OO 5000

Reaction Temp&ik gl 300 200 300

'I | ]
:i;iilli"éﬁfﬁ NEEI WS e oo,
ARSI ANENSY o

(9]

o
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Table 5.19 The effect of space velocity on activity and

selectivity of HY-5.6 Zeolite (Ci10H)

Space Velocity,hr-1 1500 3000 5000

Reaction Temp,°C 250 350 250 350 250 350

%C198 Conversion

%Yield of C2-3 e 0 . ﬁo.zz 1.79  0.05 1.28

%Selectivity sz;"’!"’ :ﬂ\\:v*x\ﬁo i 5.28 12.15
' -

%Selectivity C3H

Table 5.20 The eff@

selectly

Space Velocity b ,900 5000

Reaction Temp Nedl 504 350 250 350

) -y
o AV ANERR I
/Selﬁwﬁggﬂimm?ﬁmgﬁﬁ 60.95 60.48

%Selecivity 0 0.04




Table 5.21 The effect of space velocity on activity

and selectivity of HY-5.6 Zeolites (n-C30H)

147

Space Velocity,hr-1 1500 3000 5000
Reaction Temp,°C 250 350 250 360 250 350
%n—-C3oH Conversion 25.24 55,62 20.0 39.56
%Yield of Cz2-3 : - 34 16.58 28.14 10.23 17.87
%Selectivity C;sz"'| 06 0.29 0 0.09
%Selectivity Cs3H 58 50.33 51,15 45,156
Table 5.22 The ¢ ity on activity

and se Zeolites (n-Cs9H)
Space Velocity,hr- L 22/1508 3000 5000
Reaction Temptf_ 350 250 350

] -

%n-Cq 04 Conver31qn 71.24 96 38 39.24 75.95 38.61 48.42
oiess ot AU TN HAIHY WG o2 000 10
%Selectivity CzHs o.12 0. 49 0.42 46 0.04 0.13
%m@ma@nimmmwmaa
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Figure 5.1 Effect of Temperature (200-350°C) on Alcohols

(Cfo“—C4°“) Conversion at S.V.=1500 hr-1 for
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Figure 5.3 Effect of Temperature (200—35000) on Alcohols
(C198-C40H ) Conversion at S.V.=5000 hr-1

for HM-10 zeolite




151

-
o
B
o < (o]
3 8 . :
A [ A T e
e <« ANy « ¢ <« « g o =)
0 ONNNR[« «| ¢ o o o o] © 3
_,/////////////////////////_ 144e oo (3
=
T |
S 8] / NS //////U// L =
M . AN e ' dCc
i 1 / o AR [ - ﬂll
TN S =
“_u i — - N— Y ;."qﬁ. mun“u . Hﬂ nlm
S [1 N\ /_/ F/r/l. ., ,r/, NN \\\ Lo
3 2 NN € e <P —
A S LR I =
= 5 VRN WRINIWANN < <jao—o —
? B b g
5 8 = pd o
A [0 0 0 ORKIIIITIITITITIIIGe i iy (S
T I NN R IR - i o
9 [00 o o0 00 o oolXX\[e ¢ ¢ [T 5=z
8 N\E
& 2
t i i i “
S 9 8 2 S :

.4 Effect of Temperature

on Product

{200-380°¢C )

5

Figure

(CLO0H -C4q0H )

from Alcohols

%)

Distribution (wt

for HM-10 zeolite

=1500 hr-1?

ak 8aV,



152

MeOH { EtOH | n-Pr0H | n-3ulOH
V ‘ - Ethyj-.ene
Product Distrib VLY // b Propylene
10C 4 — 1
olalO Tl o =
% . ‘ 0135;
A
@) A,D O‘A;;
30 T = olZl
vz v
olAa|O : A
: A
‘ s
o 4| "
50 oA ; \ e ;/
= . I‘u“ /
O‘A.D : . > g //;:
| o Zle L
olal= £ - Tl b
nol oAl ALN o Clelll
7—/ 7 A Pre L~ //
i / relz . 44
ol 4 - :
s 7 i Al
OlAl AL ;
20 Ol a Al A?
7 Al.l A Ao [~
ZIA A1 Ale 4" e| |AV
. ‘ e | @ s ® 7 ] —4-
Z P L ] AlA
0 2 ‘ 350 ‘Temperature (°C)

ARIANTAN TN Y

Figure 5.5 Effect of Temperature (200-350°C) on Product
Distribution (wt.%) from Alcohols (C19H-C39H) at

§.V.=3000 hr-! for HM-10 zeolite
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Figure 5.8 Effect of Temperature (200-350°C) on Selectivity
of Ethylene from Alcohols (C19H-C40H) gt

S.V.=5000 hr-! for HM-10 Zeolite
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Figure 5.9 Effect of Temperature (200-350°C)} on Selectivity
of Propylene from Alcohols (C19H_(C40H) 4t

S.V.=1500 hr-! for HM-10 Zeolite
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Figure 5.10 Effect of Temperature (200-350°C) on Seloctivity
of Propylene from Alcohols (C1O0H-C40H) at

S.V.=5000 hr-! for HM-10 Zeolite
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Figure 5.11 Effect of Space Velocity (1500-5000 hr-1!) on
Alcohols (Ci9H-C49H) Conversion at T=200°C for

HM-10 Zeolite
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Figure 5,13 Effect on Space Velolcity fl500—5000 hr-1) on
Alcohols (Ci1°H-Cs49H) Conversion at T=300°C for

HM-10 Zeolite
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Figure 5.14 Effect of Space Velocity (1500-5000 hr-1) on
Alcohols (Ci19H-C430H) Conversion at T=350°C for

HM-10 Zeolite
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Figure 5.16 Effect of Space Velocity (1500-5000 hr-!) on
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Figure 5,17 Effect of Temperatufe (200—35050) on Alcohols

(C198-C40" ) Conversion at $.V.=z1500 hr-1 for

HY~5.,6 Zeolite
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HY-5.6 Zeolite
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Figure 5.20 Effect of Temperature {200-350°C}) on Product
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Figure 5.21 Effect of Temperature (200-3500(C) on Product
Distribution (wt.%) from Alcohols (C10H-C40H )

at $.V.3000 hr-! for HY-5.8§ Zeolite
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Figure 5.24 Effect of Temperature (200—350°'C) on Selectivity
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Figure 5.26 Effect of Temperature {200-350°C) on Selectivity '
of Propvlene from Alcohols (Ci19H-C40H}) at S.V,

5000 hr-! for HY-5.6 Zeolite
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Figure 5.28 Effect of Space Velocity (1500-5000 hr-!) on
Alcohols (C1°H—C4°H) Conversion at T=250°C for
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Figure 5.29 Effect of Space Velocity (1500-5000 hr-!} on
Alcohols ((C10H_(C40H) Conversion at T=300°C for

HY-5.6 Zeolite
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Figure 5.31 Effect of S?ace Velocity (1500-5000 hr-1} on
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Figure 5.32 Effect of Space Velocity (1500-5000 hr-!) on
Percent Yield of Light Olefins (Cz2-3) from
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5.3 Effect of Space Jelocity

Figure 5.11-5.14 for HM-10 Zeolite and Figure
5.27-5.30 for HY-5.6 =zeolite at reaction temperature

200,250,300,350°¢C, respectively, which the results shows

that the percentage conY

on profiles usually decreased
’& etween 1500 to 5000 hr-1
for the case of tOH , F and n-BuOH on both

catalyst. The r{ .hi \ -a.,_\ ay be because of the
Or

probability t “'\\%:\L‘Ols were decreased,
a hR\? molecules on the

active site i fa ¥: e reduced. Figure

with increasing sp

since the co
5.15-5.,16 ., for mgure 5.31-5,.32 for
HY-5.6 zeolite perature 250 ,350°¢,

respectively, whi shows that the percentage

vield of olefin eased with increasing

space velocig*ﬁ—“‘%“_“__‘

ﬂy'hr'l in case of
MeOH,EtOH,n—PrOEi and ne ré@¥on of this results
.may be because ¢ of the probability the dehydration of

aconors At BB NANED L cime ot

alcohol molecules on thé active @ite in thélsurface area
were Qeﬁgﬁ ﬂﬂeﬁsmum&lnﬂgﬁﬂ and Table
5.15—5?22 for HY-5.6 showed a summary of the effect of
space velocity on conversion of alcohols (Ci1OH-C40H ) to

light olefin process.
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5.4 Influence of Type of Zeolite

To Consider the activity of the Zeolites 1in
promoting the formation of light olefins, HM-10 and HY-5.6
have been examined at reaction temperature 200-350°C.

Figure 5.33 shows the ormance of the Zeolites on the

dehydration of alcohol ¥} to light olefins (Cz2-

ﬁctivity was found to

be:HM-10 HY-5, ‘ S'result may be because

\&;\
\\\\“\
alcohols occu QSb\

the catalyst s ﬁ\ 3 (40)]. The trend of
‘ ~d A9

C3) at SV=1500 1o

of the Si/Al as been higher than

that of HY-5 of dehydration of

as a active site on

activity. of is similar to the

speech’s Stone [63 ber of acid sites increase

with the silica corite '.fym o

Thus the silicon
to aluminiumj&i of /the zeolite will

influence its aﬂ ivi

ﬂ‘UEl’J'VIEl‘VlﬁWEI']ﬂ‘i
Qmaﬁmmumwmaﬂ
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