CHAPTER 5

EXPERIMENTAL RESULT

or styrene synthesis

5.1 Testing of apparatus

3= system at each

4 reactor without
tor.

S hylbenzene at fix

U]

tor temperature

ﬂﬁ'ﬂ"ﬂ Wﬁﬁﬁﬂtﬁfﬁﬂﬁe from 300 °C to
A RATAUNVINE VB oo

at each temperature by using the gas chroma-

tography.

From the blank test, it is found that at the temp-
erature above 500 %, ethylbenzene is cracking to yield
styrene monomer (this is the thermal cracking). Thus, in

the experiment, we will avoid the reaction due to thermal
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cracking by running the experiment in the range of reaction

temperature, 360-440 C.
5.2 Differential reactor test

Once the apparatus for styrene synthesis is set

it is necessary to ens e reactor is a different-
ial type.
Theorect ifferential reactor,
we will obtain the dquationtas (13).
(1)
or (2)
where r = rate of rfaction p ht of catalyst
F = flow rate oflreact:
W = wei
X = con
From the equa tion, W/F the correlation be-

tween X andwgq w&ﬂslwetll] nu‘il to the rate

of reaction er weight of gcatalystge, Thus, ifgX VS W/F is

plocced) mmmmmmm Bl bt &k acion

must be linear.
Operating condition

Partial pressure of ethylbenzene L1lw 75 mm Hg

o

Reactor temperature 360

Weight of catalyst 0.26 gm
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Table 5.1

Test differential reactor data

W/F (gm.s/mole) %X

1,942,327 2.886

1,280,827, 1.812

920,842 1.363

710, 30 d = 1.047
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FIG 5.1 DIFFERENTIAL REACTOR TEST



56

5.3 Data

Before collecting the data, the catalyst must be
stabilized by passing the ethylbenzene to the catalyst at
the reactor temperature of 360 ‘C for 60 hours. The product
is taken to gas chromatography for each two hours to analyze

hat the catalyst is stable

whl
the styrene. This is to enst
a7

by lokking at the -uf”;; of #Ypefie _as shown in figure 5.2

/1« dhe , the differential

After stab
reactor is verifig //i W, are collected.

[
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FIG 5.2 STABILIZE THE CATALYST

LS
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5.3.1 Determine the rate of reaction

From the equation (2) in appendix D

r = kbEPE
1+bEPE
or 1 = 1
= :

orrelation between 1/r

The correlatio s plotted in graph

as shown in fi

Operating conditior ﬁ£+ S

= L.

e g 1y lbe 1

38.6 mm Hg

Partial presst

Flow rate of éﬁ& rﬁ§0—7—7.1x10—7m01e/sec

Flow rate of COH 1.Aﬁlx10—5 mole/sec

Weight of catalystgs, gm

ﬂ‘lJEl’J‘VIEsz‘NEI']ﬂ‘i

Determlne th€ rate eg@ation dat#d

=

React@ir temperature (°C) 1/r (gm.s/mole) I/PE (mm Hg™ ")

360 84,295,867 0.0897
04,379,477 0.06192
51,993,052 R:04141
42,414,964 0.03284

36,853,713 0.02501
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| Reactor temperature (°C) | 1/r (gm.s/mole) 1/P, (mm Hg ')

380 74,965,393 0.0897
56,506,991 0.6192

44,216,303 0.04141
36,373,977 0.03284
55215,214 0.02714

400 s, | ‘ ,000 0.0897
“'—,if’f | ,308 0.06192

’ ,680 0.04141
599 0.03284

138 0.02714

420 “{v;f% 48,858,883 0.0897
6,900,963 0.06192

65 0.04141

, 884 0.03284

22,6049476 0.02714

. e

A4 AN WBARA 0.0807
Y ¢ | 22a201,916 @ 0.06192
ARIANNIUHURVLARNNEY o000,
i 15,668,501 0.03284
14,493,486 0.02714




360 °C

380 C

400 C

420 °C

..
UL InemingIns
R TRINTUNRIINYAE

0.02 0.04 0.06 0.08 0.1 1/PE

FI1IG¢ 5.3 THE CORRELATION BETWEEN 1/r AND 1/PE



The above data show that the correlation between
1/r and 1/PE is linear. Thus, the rate equation for de-

hydrogenation of ethylbenzene to styrene is

From the above_ dat@a, e value of k are obtained
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The vITUC BF. At ®8hstant (k)
k K9, 17T (k™13
: . W7 ‘
5.388x1070 | a6 3 X 1.5797x1073
6.017x10"° | -1f. ,.#: : 1.5314x1073
7.233x10 5 —108 :; ﬁ; 1.4859x1o‘3
8.417x10°° | —10409 é;: 1.443x1073
1.000x1077 | -16. 1850059 | 1.4025x1073
From

. ﬂuﬂﬁﬂﬂﬂ€W%ﬂni

where AUrate constant of the reactlon

Q‘W'\ﬁ’ﬂﬂﬁ"mﬁ“ﬁ%ﬂ‘ﬂﬂ Y

activation energy

~
1

gas constant

=
I

absolute temperature

From the above equation, the correlation between

ln k and 1/T is linear where
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intercept 1n A

slope —Ea/R

The correlation betwéen In k and 1/T is shown in

figure 5.4

- AuINENIneIns
RIAATAUNM TN
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5.3.2 Study the effect of partial pressure on rate

of reaction

Operation condition

Partial pressure of ethylbenzene 11.15-38.6 mm Hg
Flow rate of ethylbenzene 2 15x10—7—7.1x10_7mole/sec
Flow rate of CO2 .‘ / 1.465x10 = mole/sec
Weight of cataly S— gm

Effect of p ate of reaction

/,_ ~\

Reaction temperd /ﬁ \‘\\\ %X
360 , ;:7 i 1.41383
1.2697

1.04
45 ‘ 1.0025

4 0.937

3 f

380 1115 1.59
Auianeningang
24 1.5 1.223
ARIAINTAUPNIIRNAY -
36.85 0.989

400 11.15 1.816

16.15 1.653

24.15 1.373

30.45 1+3
36.85 12169
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Reaction temperature (°C) P (mm Hg) %X
420 11%15 2.4648
16.15 2.215
24.15 1.906
30.45 1.645
1.+ 541
440  m— : > 4.491
3682
2.9635
-
= ) 2.7138
2.606
The correlati j???;i ‘\\ and %X is shown in
figure 5.5
From _;? ‘ hat as the increas-
ing of partial ? bénzene, the conversion of
W i¥
ethylbenzene is i reased

ﬂUEl’JVIEWIﬁWEJ’]ﬂ‘i
Qﬁﬂﬂﬂﬂ‘imuﬁﬂﬂmaﬂ
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FIG 5.5 THE CORRELATION BETWEEN %X AND
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5.3.3 Study the effect of temperature on rate of

reaction
Operating condition

Partial pressure of ethylbenzene 11:15-38.6 mm Hg

Flow rate of ethylbenzen 2.15x10_7—7.1x10_7mole/sec

Flow rate of CO, - Sooy {4.1.465)(10_5 mple/sec

Reaction temperatumes=— ¥ —wwg60-440 i
Weight of catalyst / ' - gm
Effect pérature on '.\x_of reaction
Po (mm Hg) %X
11.15 1.4138%
1.59
1.816
i 2.4648
, il
440 - 4.491
- = 7 _
.5 U INYURINYINT |+ 2600
Y
7 7 - ¢ 3897 - 1.447
AWIANNIUUBRTVIVIETQ R o
9 X
420 22215
440 3.682
24..15 360 1.04
380 4,223
400 1.373
420 1.906
440 2.9635
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PE (mm Hg) Reaction temperature (°C) %X
30.45 360 « L.0025
380 - 1.169
400 1.3

1420 | 1.645
3.7138

36.85 0.989
1.2169

1.541

2.606

T/ ';9, \\\ |
The correlation beg 2 '!\ . lotted as shown in

L\l

figure 5.6

From the abo

d/ ;pi found that as the increas-

iversion of the

]

! —
ﬂUEl’JVIEWI?WEﬂﬂ‘i
ammn‘mummmaﬂ

ing of the rj;~

ethylbenzene‘
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5.3.4 Study the effect of diluent on rate of reaction

Table 5.6

Effect of diluent .on rate of reaction at 380bC

1

Diluent 1/r (gm.s/mole) - 1/PE (mm Hg )
N,+steam 0.084
0.08683
0.09093
0.10688
0.12299
0.1256
C02+steam 0.0723
0.07998
0.08577
0.08926
0.09555
Angms ey
Ef'fecﬂpugluenmon rate ?S Peacbing Ht 44000
¢ o v
poulc | XN (4 J Edd< )| 1 He ')
—4-
N, +steam 10,402,159 0.08681
10,104,739 0.0843
12,471,634 0.10122
13,094,081 0.1161
E 13,719,596 0.12394
15,498,650 0.1276
i 15,802,957 0.14173
_




Diluent 1/r (gm.s/mole) 1/P; (mm Hg™!)
CO,+steam 12,267,002 0.08056
13,824,318 0.0813
16,618,287 0.10618
17,062,446 0.10937
| 0.11765

From

rate constant

is plotted as shown

he diluent on the

CQz+steam <N2+steam

AULINENINYINT
ARIANTAUIN TN

!
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FIG 5.7 THE CORRELATION BETWEEN 1/R AND 1/Pg
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FIG 5.8 THE CORRELATION BETWEEN 1/R AND 1/PE
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