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APPENDIX A

THE PHYSICAL PROPERTIES OF ETHYLBENZENE

Pl ETHYLBENZENE

PROPERTY

Molecular Weight 106.169

Boiling Point 136,18 ¢
Critical Density 0.29 gm/cc
Critical Presure 37 atm
Critical Tempera g
Density gm/cc
gm/cc
gm/cc
gm/cc
gm/cc
gm/cc

Entropy(liquid) ¢ cal/mole°C

varof U ANHN T

Free Energy ogiFormation(liquid) Kcal/mole

AN TURANINYN Rk s

10.2772 Kcal/gm

cal/mole °C

Heat of dLmbustion(liquid)

| (vapor) 25 10.3724 Kcal/gm
Heat of Formation(liquid) 25 2.977 Kcal/mole
(vapor) 25 7.120 Kcal/mole

Heat of Fusion 2.190 Kcal/mole
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PROPERTY ol b ETHYLBENZENE
' Heat of Vaporization 25 10.097 Kcal/mole
136.2 8.60 Kcal/mole
Flash Point | 1S E
Freezing Point -D4:925 €
Ignition Temperature 465 o -
Refractive Index — 1.4933

Specific He’at(liqy / 0.354 ca]‘./gm'}’C

/ : 0.360 cal/gm’C
0.369 cal/gmic
0.379 cal/gm”C
0.391 cal/gmzc
0.405 cal/gm°C
0.420 cal/gm‘c
0.430 «cal/gm°C
0.450 cal/gm°C

0.495 cal/gm"é

sﬁrface Tensd ¢ o g 10 30.2 dynes/cm
FIUEI’JV]HVI‘?WE!;]J]‘? Bl -
QRN IUNNITYRY, oo
9 ’ 3t ! 9 dynes/cm
148.9 16.4 dynes/cm
204.4 10.9 dynes/cm
Vapor Heat Capacity 0 28.19 cal/mole”C
1 5.6 29.67 cal/mole’C
25 30.69 cal/mole”’C
37.8 32.00 cal/mole’C
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PROPERTY T {°¢) ETHYLBENZENE
93.3 37.56 cal/mole’C
148.9 42.74 cal/mole’C
260 51.83 cal/mole‘C
537.8 67.58 cal/mole’C
77.40  cal/mole C

Viscosity

ﬂUEI’J‘VIEWIﬁW ‘sfﬂ‘i

83.82 cal/mole’C
1.887 mm Hg
7.067 mm Hg

21.474 mm Hg

55.446 mm Hg

125.767 mm He
256.922 mm Hg
481.685 mm Hg
840.984 mm Hg
0.8953 cp
0.6783 cp
0.5363 cp
0.4104 cp

.3254 cp

ammﬂmum'mﬂné’ EJ° s e

Solublllty in Water(wt%)
of Water(wt%) 35

of Sulphur(wt%) 35

.02

0.063




APPENDIX B

THE PHYSICAL PROPERTIES OF STYRENE

PROPERTY T £7C) STYRENE
Molecular Weight . 104.153
Boiling Point( i 145.15 °c

Critical Densi 0.297 gm/cc

Critical Press f‘ 37.8 atm

Critical Temper : 362.1 “c
Critical volume i 3.37 cc/gm
Density ié 0.9239 gm/cc
'é; 20 0.9062 gm/cc
e 40 0.B885 gm/de

0.8707 gm/cc

0.8530 gm/cc

‘o iJ 100 | 0.8353 gm/cc
AULINUNINYINT| oo emve
Y ¢ 140 o 07998 gm/cc
aQRARINIUURMNYING - <
Auto Ianitién Température 0 490 %
Freezing Point -30.6 "
Heat of Combustion , 25 -1018.83 Kcal/mole
~ Heat of Formation(gas) 25 35.32 Kcal/mole
(liquid) 25 24.72 Kcal/mole
Heat of Fusion 2360 cal/mole
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| o

PROPERTY T (éC) STYRENE
Heat of Polymerization : 25 16.68 Kcal/mole
Heat of Vaporization ) 25 100.8 cal/gm
Refractive Index 15 . 1.5497
20 1.54862
1:54395
1.54108
7 1.53821
Solubility in Ac F | s
' h oo
: oo
oo
oo
0.032
Wate 'WQ;;,:ﬁ{ 0.070
Specific ;.1;—_' 0.4004 cal/gm’C
ﬂ: 7 [ 0.4131 cal/gm°C

0.4269 cal/gm°C

FJIUEI?W]EWI{W gﬂ'ﬁ 0.4421 Cal/gm':(j
ARVAIN TRV VG s

120 4969 cal/gm C

140 0.5174 cal/gm’C

(vapor) 25 0.2802 cal/gm°C




A

e
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PROPERTY e STYRENE
Surface Tension 0 34.5 dynes/cm
20 32.3 dynes/cm
40 30.0 dynes/cm
27.8 dynes/cm
25.06. dynes/cm
23:5 dynes/cm
21.5 dynes/cm
19.4 dynes/cm
115 mm Hg
4.50 mm Hg
14.30 mm Hg
38.41 mm Hg
90.31 mm Hg
190.63 mm Hg
368.22 mm Hg
o 660.64 mm Hg
163‘ 1113.97 mm Hg
ﬂumwﬂmwmm om e
0:762 ©p
ammﬂimum'swma 5 o
0.469 cp
80 0.385 cp
100 0.324 cp
120 0.279 cp
140 0.243 cp




% PROPERTY i STYRENE

Cubic Coefficient of Expandsion 20 9.783x10_4
30 9.879x10™%
40 9.978x10" %4

Q Value 1.0

E Value | -0.8

Volumetric Shrinkage

Polymerization(%) 170

.\f,.
4

. <

AULINENINYINT
ARIAATAUNN TN



APPENDIX C

THERMODYNAMIC OF REACTION

Equation use fo 2 ate the thermodynamic prop-

erties of the reac

1n

The th{ﬁ1o-‘ : es of ethylbenzene dehy-

drogenation to sfxspne are

AR 5“3:4&;'1@12

ammmmmmw BV B cortomes

Substances a bxlO2 CX105 dxlO9
Ethylbenzene -8.398 15.935 -10.003 .23.95
Styrene -5.968 14.354 =9;15 22.03
Hydrogen 6.952 -0.04576 0.00563 -0.2079
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C (R) = ~8.398+15.935x10 2T-10.003x10"2T2+23.95x10~ 213
c (s8) = ~5.968+14.354x10"%T-9.15x10"°T2422.03x10~ 213
c () - 6.952-0.04576x10 2T+0.09563x10 °T%-0.2079x10~ 973
e ¢ (E
Cp(R) Cp(H)+Cp(S) Cp( )
= 9.382-1.6267x10 049x10°T%_2.128x10 913
Jhc (R)/T AT = 10'2T+o.4743x10‘5T2-o.71x10‘9Tﬂ
298 P 29
M. 6267x107%T+0.4743x10” 912
85,,5(R)
AST(R)  dT
.6267x1o'2T+0.4743x10‘5T2
T T
C (R) dT| %410.382T-0.81 ,fi; 3162x107° 3-0.532x10’ﬂ
298 P o Y 298

0~ “@°+9.382T+0.3162x10™ T3

¢9,832x10" 18,

quﬂQMBwswawni
ww N [T E 3]

25946.1415+9.382T-0.8134x10" 202,0.3162x10" 23
~0.5319x10 214
AGL(R) - A (R)-TAS(R)
2 2

298

= 25946.1415-9.382T 1n T+30.8608T+0.8134x10_ 'E

~0.158x107°1340.1773x10 " 974
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AULINENINYINS

n K = AGL(R)/RT

T (K) NG, (kcal) Kp
500 14.0709 7.0649x1077
600 11.0629 9.3322x107 2
700 3.1515x107 3
800 4.4924x107 2
900 0.3582

- 1000 1.8952
1100 7.4225
1200 23.1683

RN TAUNININGIAE




APPENDIX D

DETERMINATION OF RATE EQUATION

Mechanism 1

Ld Adsorption L1

Surface reaction HS (2
Desorption (3)
Desorption (4)
Adsorption, (5)
The rate equation are

e}
]

=3
Il

"3
Il

A ﬁ%n@ﬂswawnﬁ

Appl@%’?ﬁ*&ﬂﬁﬂéﬂﬁ'}? THAR ¢

l; Surface reaction is rate controlling step.

2. Adsorption and desorption step are in equilibrium.

So r, =r. =r, =r,. =0

A Obtain %) = b



v egullibrium COnsval

T
\7 ~

rever;ﬁ%gy;gw
il o i

pa L
il [

mgle fraction of compoy

89

QH = 'b4PHGB
OI - bSPIeo
r, = Ky0p - Ky 8 Py
= k,(8; /K,)

(K = Kz/blb

b,P..©® + b
o

e P.S + 90

5§ I o0

& el )

B P 5P

4 H
(1)

nt of reaction i

ant of reaction i

N § ~ofl.reaction i

!
e % 5
*omponent J

ent j in actuve site

ﬂ‘lJEF’WIW?WEﬂﬂ

From
where r,
i
k.
i
et
i
K.
i
P.
J
b b b b

adsorptlon co- eff1c1ent o ethylbenzene,_

AR A SRTAINNAT A 8

subscalpt E
S

H

ethylbenzene
styrene
hydrogen’
impurity

vacant site



Mechanism 2

Adsorption E ——= Eg (1)
Surface reaction E,. — S + H (2)

S

The rate equation of the above reaction are

2
1]

-1
k P8 - k, '8

E

]
=

Ty

Apply Langmuir
1. Surface : ' i re controlling step.
2. Adsorptae £dp is in ilibrium.

So r

Obtain )

From 1

90 18

i¥ |

AlpFHenInens

" AR TR INY 18

90

(2)



APPENDIX E

SAMPLE OF CALCULATION

Determine the rate equationr

Reactor temperatu 360 c

Flow rate CO 1.465x10_5 mole/sec

2

Partial pressure 11 =15 mm Hg
Weight catalyst 0.26 gm
Area styrene detd " . ' 100.45 mm>
Standard: 1.728x10—8 mole
Area styrene 1.32x10—8 mole

Sampling loop
From

where P =

: : n?lber of mole
: VRTINS

- Mole enzene 1n sampling loop

AR ey

= partial pressure
total pressure

X mole in sampling loop

= o 13de 15
760

X 6.3638x10'5

= 9.336x1077 ‘ mole



% conversion mole styrene

mole ethylbenzene

= 1.32x10‘8

9.336x10 "/

X 100

X 100

= 1.414

P = 11415

Flow rate ethylbg

) 4%0.01414

Q
O

63x10

ﬂﬂﬁl?"ﬂﬂ%@%ﬂ’lﬂ‘i
Qﬁﬁﬁﬁﬂimﬂﬁﬂ’mﬂ'}aﬂ

92

mm Hg

mm Hg



APPENDIX F

SAMPLE OF CALCULATION OF EQUILIBRIUM CONSTANT

From equation (8), (9), (10) and table 3.3

equatién (8)

wheré K. =
P

P =

equation (9)

where K

o
1l

equamnﬂug} oh mq

(1+r"+X)(1 X)(r" X)

e mmmwumawmaﬂ

it = 13,68

X = 0.0515
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