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1. Calculation of Vapor Pressure of 1-Hexene®

In (P,/P,) (1-X)" [ (VPA)X + (VPB)X 'S+ (VPC)X? + (VPD)X?] ..(A-1)
X — L—ThTy cvcons oo s sinmsns 5 5008 mmeine  « s « s 4 ke (A-2)
for 1-Hexene, Pc = 31.7 bar, Tc = 504 K , VPA =-7.76467 , VPB = 2.29843,

VPC =-4.44302 and VPD = 0.89947

0N
1N

X

I

By replacing the X value insSi?

In (Pyy/31.7)

I
\O
o0
.
(%)

N
~
<o
(0%]
O
o0
wn
=
wn
+

Thus P, =
\ ,
Thus, at the atmospheric®preg \perature of 30°C, the 1-hexene

partial pressure of 0.30 atmi ge atesithic _ )45% 1-hexene and the balancing

LA T

gas.
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2: Calculation of Feed Flow Rate

The catalyst used = 0.3500 g
Packed catalyst into borosilicate reactor which has radius = 0.27 cm
The average height of catalyst bed = 3 cm.
Volume of catalyst bed = 7r’h em’
GHSV (Gas Hourly Space Velocity) "™ = 500 h' atSTP
yolume '. \ walbSTP (A-3)
GHSV - :
Volumetric flow rate(STP)
cm’/h
cm’/min
Thus, volumetric flow rate 4 cm’/min
s ¥ i SilP ) <15+
At T °C : Volumetric ¥R\ (273.15+ 1) . (A-4)

-
-
L}
)

’ 273.15

5.72 x (273.15 + 30) - 3, .
At 30°C, Volumetric fow ratge _= = 634 cm'/min
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3. Calculation for Weight of Reactant Feed

From ideal gas equation,

PV = nRT (A-5)
Where P Partial pressure of 1-hexene (atm)
\Y
n
R 82 atm . L. mol™". K!
T he (K)
From reaction condition, P = ‘ 15K (30°C)

Thus, mol of 1théxéhe = 0.0023 1 451965 ¢
Y. X
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4. Calculation of Yield to Liquid for 1-Hexene Metathesis

’ W liquid product
% yield of liquid product = x 100 ... (A-6)

W 1-hexene
Where Wiqia = Weight of liquid product from cold trap (g)
Wl
Wl-hexene = Welght Ol ‘:1 ! /

E—

For example, Wliquid =4 — .’." /

Thus, %yield of liquid prg

AUYININTNYINT
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5. Calculation % Coke for 1-Hexene Metathesis

Weight of coke which means the difference between the weight of before calcination and

the weight of used catalyst after calcinations compared with converted 1-hexene.

% coke = - = % Jeg: . (A-7)

Where W oke

1 L
— - L .
W 1-hexene """-‘r 3 ." onve
: ; o

1)

For example, W .y = f9b/d = 0.3682 ¢

Thus, %yield of coke
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6. Calculation of Yield of Gas Product for 1-Hexene Metathesis

% yield of gas product = 100 - (% liquid + %coke) (A-8)
Where %liquid = %yield of liquid product
Y%coke = %yield of coke

For example, %liquid =63.9 /

Thus, %yield of gas produ 667 3.9 =3 23%
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7. Calculation of Percent Conversion of 1-Hexene from Peak Area of GC

Using peak areas obtained from GC analysis,

% Conversion = T X TOO oosiscisminmus mommommmsn cs e s (A-9)

Where Ain = 1-hexcnetaisthesin let of the catalyst reactor

of the catalyst reactor

Ly

AULINENTNYINS
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8. Calculation of Percent Selectivity to Gas Product

Ax X Cstd X Vstd

C, _ A-10
Asld X Vx
Cy x 100 At
% selectivity = .
Ctmal
When Cyyq = Concentration onipoAs ,' terest in the standard mixture (%
mol)
Csx = Concentra of the’co ‘ e \25\-”\0 e (% mol)
Ciz = Concentragdf offth€fgta 1ponen liessample (% mol)
Ags = Peakarea, Sridponer iXture (au.)
A = Peak area g
Vaa = Injected vo
Vi = Injected Volufh
From GC data of ethyle ;,..—;7 )
\7 AX

Aethylene 219681572 24.88 % molar,

std of"etl .
.ll ¥

T AUBAENINGANS..
QAN IRl ITEIN

% selectivity =
3.4729

Thus, % selectivity to ethylene = 32.80%

102
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9. Calculation of Percent Selectivity to Liquid Product

Ay X Cbstd X Cstd

Gy =
Astd X be
Cy x 100
% selectivity =
: Ctotal
D x V x 1000
Csld =~ '_‘_j> - }i

When Cy = ConcentTation / Ompor i sample (mol)

Cy = Concentragi . ™ ple (mol)
Ced =Concéntr 0 |
Cbgy = Carbon ef?

Ch, = Carbon effegivg tof the'con 0t in the sample

Agws = Peak area of th },:* tan . : (au)

Ay = Peak area of the @i aple (au.)
D s
\% = Volume

»

MW = Molecular a,velght of ethyl benz&ge (106.16 g/mol)

ﬂ‘LlEJ’JVIEM‘iWEJ’Iﬂi

From GC data of Cq'&lkene product,

= R Gl IR NBIINLIA Y

291862 x 8 x 0.0000162

C =
44504 x 6

= 0.000142 mol



methane (1.12)

e cffane (1.26)

\ |

=m.ethylene (1.65)

s propane (2.1 5)

cyclopropane (4.89)

iso-butane (6.52)
n-butane (7.12)

iso-pantane (13.65)

n-pentane

acetylene(8. 17

trans-2-butyle

=, propyiene (5.75)

Wiz,

.

iso-butyléne
cis-2-butylene (1

(13.98)

mwwﬁungﬂﬂﬁ

methyl acetylene (15 08)

U

Gas Chromato%phlc condition

140°C

“““Wﬂﬂ)ﬁﬂ‘iﬁu uiningndy-

35°C, 5 min
Sample size : 2.0 pl
Carrier gas : N, 3.4 cm*/min at 26 °C
Column : Alumina PLOT 30 m

Injector temperature : 200 °C
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Figure A-1

Gas chromatogram of standard mixture C, gas.
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%24) e
propane (2.16)

propylene (5.77)

—

> n-butane (7.10)

trans-2-butylene

5—: I-butylene(12. 2 =R S
iso-butylene (M2 - AR
~ cis-2-butylene (48" % (TR A \

bl T

' -
o ——————————————————————

7

?. methyl acetylei 5 1
FAULINENT

graphic condition

(15 140°C

s
|

Sample size : 0.2 mIA/

SV TR TE gratEiaf T

Column : Alumina PLOT 30 m

Injector temperature : 200 °C

Figure A-2  Gas chromatogram of gas product from 1-hexene on 5%WO,/SBA-15 at

500°C (condition: 0.35 g of catalyst, feed at GHSV of 500 h™, time on

stream 30 min.).
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